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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 buman 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.

Louise Gerberdmg 'L%

Administrator
Agency for Toxic Substances and
Disease Registry




vi

*1 egislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This
public law directed 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 October 25, 2001
(66 FR 54014). 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); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801);
February 28, 1994 (59 FR 9486); April 29, 1996 (61 FR 18744); November 17, 1997 (62 FR 61332); and
October 21, 1999 (64 FR 56792). 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: 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 each Toxicological Profile to address child health
issues:
Section 1.6 How Can Creosote Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to Creosote?
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: 1-888-42-ATSDR or (404) 498-0110  Fax: (404) 498-0057
E-mail: atsdric@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 Exposures; Cholinesterase-Inhibiting Pesticide
Toxicity;, and numerous chemical-specific case studies.
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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 [II—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:
AOEC, 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, 55 West Seegers Road, Arlington Heights, IL
60005 * Phone: 847-818-1800 « FAX: 847-818-9266.
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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.
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A peer review panel was assembled for creosote. The panel consisted of the following members:

1. Dr. Gary Pascoe, EA Engineering, Science and Technology Inc., 210 Taylor Street, Room 15, Port
Townsend, Washington 98368;

2. Dr. Norman Trieff, University of North Texas, Health Science Center at Fort Worth, 35 Camp
Bowie Boulevard, Fort Worth, Texas 76107-2699; and

3. Dr. David Warshawsky, University of Cincinnati, Environmental Health, Kettering 137, Cincinnati,
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These experts collectively have knowledge of creosote'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 wood creosote, coal tar creosote, coal tar, coal tar

pitch, and coal tar pitch volatiles 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. Coal tar creosote, coal tar, and coal tar pitch have been
found in at least 46 of the 1,613 current or former NPL sites. However, the total number of NPL
sites evaluated for these substances is not known. As more sites are evaluated, the sites at which
coal tar creosote, coal tar, and coal tar pitch are found may increase. This information is
important because exposure to coal tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles

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 wood creosote, coal tar creosote, coal tar, coal tar pitch, or coal tar pitch
volatiles, 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 them. You must also
consider the other chemicals you’re exposed to and your age, sex, diet, family traits, lifestyle,

and state of health.

1.1 WHAT IS CREOSOTE?

Creosote is the name used for a variety of products that are mixtures of many chemicals. Wood
creosotes are derived from the resin from leaves of the creosote bush (Larrea, referred to herein
as creosote bush resin) and beechwood (Fagus, referred to herein as beechwood creosote). Coal

tars are by-products of the carbonization of coal to produce coke or natural gas. Coal tar
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1. PUBLIC HEALTH STATEMENT

creosotes are distillation products of coal tar, and coal tar pitch is a residue produced during the
distillation of coal tar. Coal tar pitch volatiles are compounds given off from coal tar pitch when
it is heated. Coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles are rarely
formed in nature. Coal tar creosote, coal tar, and coal tar pitch are mixtures of similar
compounds. For this reason, many times throughout the profile, we will refer to coal tar
creosote, coal tar, and coal tar pitch simply as creosote. Creosotes are created by
high-temperature treatment of beech and other woods (beechwood creosote) or coal (coal tar
creosote), or from the resin of the creosote bush (creosote bush resin). Wood creosote is a
colorless to yellowish greasy liquid with a characteristic smoky odor and sharp burned taste. It
is relatively soluble in water. Creosote prepared from coal tar is the most common form of
creosote in the workplace and at hazardous waste sites in the United States. Coal tar creosote is
a thick, oily liquid that is typically amber to black in color. It is easily set on fire and does not
dissolve easily in water. Coal tar and coal tar pitch are the by-products of the high-temperature
treatment of coal to make coke or natural gas. They are usually thick, black or dark brown
liquids or semisolids with a smoky or aromatic odor. Coal tar residues can also be found in the
chimneys of homes heated with coal, especially if insufficient oxygen is present. Chemicals in
the coal tar pitch can be given off into the air as coal tar pitch volatiles when coal tar pitch is

heated.

Beechwood creosote has been used as a disinfectant, a laxative, and a cough treatment. In the
past, treatments for leprosy, pneumonia, and tuberculosis also involved eating or drinking
beechwood creosote. It is rarely used today in the United States by doctors since it has been
replaced by better medicines, and it is no longer produced by businesses in the United States. It
is still available as an herbal remedy, and is used as an expectorant and a laxative in Japan. The

major chemicals in beechwood creosote are phenol, cresols, and guaiacol.

Coal tar creosote is the most widely used wood preservative in the United States. It is also a
restricted-use pesticide, so it can be used only by people who have been trained to use it safely.
Coal tar products are ingredients in medicines used to treat skin diseases such as psoriasis.
These products are also used as animal and bird repellents, insecticides, animal dips, and

fungicides. Coal tar, coal tar pitch, and coal tar pitch volatiles are used or produced in several
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industries, including road paving, roofing, aluminum smelting, rubber producing, and coking.
The major chemicals in coal tar creosote, coal tar, and coal tar pitch that can cause harmful
health effects are polycyclic aromatic hydrocarbons (PAHs), phenol, and cresols. Coal tar pitch
volatiles vary depending on the makeup of the coal tar product that is being heated. About

300 chemicals have been identified in coal tar creosote, but as many as 10,000 other chemicals
may be in this mixture. Because coal tar creosote is the major type found in the environment and
at hazardous waste sites in the United States, we will emphasize its effects on human health in

this profile. The health effects of coal tar and coal tar pitch will also be described.

This profile is specifically about the toxicity of wood creosote, coal tar creosote, coal tar, coal tar
pitch, and coal tar pitch volatiles, so we will not discuss in detail the health effects of individual
chemicals in them, such as PAHs or phenol. In the chapters describing what happens to creosote
in the environment and exposure to creosote, we will discuss some of the individual chemicals or
groups of chemicals (such as PAHs) because many of the tests done in the scientific laboratories

can tell us which of these chemicals are present in the soil, water, and air.

The Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profile for
Polycyclic Aromatic Hydrocarbons (1995), the ATSDR Toxicological Profile for Cresols
(1992), and the ATSDR Toxicological Profile for Phenol (1998) provide more information on
these chemicals. For more information on the chemical and physical properties of creosotes,
coal tar, coal tar pitch, and coal tar pitch volatiles, see Chapter 4. For more information on these

substances in the environment, see Chapters 5 and 6.

1.2 WHAT HAPPENS TO CREOSOTE WHEN IT ENTERS THE ENVIRONMENT?

No information is available on what happens to wood creosote when it enters the environment.
Coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles do not occur in the
environment naturally, but are by-products produced in coke or gas manufacturing plants using
high-temperature processes. Coal tar creosote is released to water and soil mainly as a result of
its use in the wood preservation industry. In the past, waste water from wood-treatment facilities

was often discharged to unlined lagoons where it formed a sludge. Also, companies that
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preserve wood with coal tar creosote may treat their water wastes in treatment plants or release
the waste water to the municipal water treatment system. This is still the largest source of coal
tar creosote in the environment. However, new restrictions from EPA have caused changes in
the treatment methods that have decreased the amount of creosote available to move into soil
from waste water effluents. Coal tar creosote contains some components that dissolve in water
and some that do not. Coal tar creosote components that dissolve in water may move through
the soil to eventually reach and enter the groundwater, where they may persist. Once in the
groundwater, breakdown may take years. Most of the components that are not water soluble will
remain in place in a tar-like mass. Migration from the site of contamination is not extensive.
Breakdown in soil can take months for some components of coal tar creosote, and much longer
for others. Sometimes, the small amounts of chemical remaining in the soil or water that take a
long time to break down are still toxic to some animals and possibly to humans. Coal tar
creosote components may also be found in the soil as a result of leaking or seeping from treated
timber. More complete information on how creosote enters the environment and what happens

to creosote in the environment can be found in Chapters 5 and 6 of this profile.

Volatile chemicals in coal tar creosote may evaporate and enter the air. About 1-2% of the coal
tar creosote applied to treated wood is released to the air. This is a small amount compared with
the amount of coal tar creosote found in waste water or soil. Volatile chemicals in coal tar and
coal tar pitch are released into the environment in a similar way. They are most often found in
and around coke- or natural gas-producing factories, in industrial plants where coal tar and coal
tar sludges are used, or at abandoned coke or gas factory sites. Water or soil surrounding these

areas may contain detectable levels of coal tar or coal tar pitch.

Once coal tar creosote is in the environment, both plants and animals can absorb parts of the
creosote mixture. Some components of coal tar creosote have been found in plants exposed to
creosote-treated wood in nearby soil. The plants absorb very little (less than 0.5% of the amount
available to the plant). Animals such as voles, crickets, snails, pill bugs, and worms take up coal
tar creosote components from the environment that are passed into the body through skin, lungs,
or stomachs. Animals that live in the water, such as crustacea, shellfish, and worms, also take up

coal tar creosote compounds. For instance, mussels attached to creosote-treated pilings and
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snails and oysters living in water near a wood-treatment plant had creosote in their tissues. Coal
tar creosote components are also broken down by microorganisms living in the soil and natural

water. The components of coal tar and coal tar pitch move in the environment in a similar way.

1.3 HOW MIGHT | BE EXPOSED TO CREOSOTE?

Most people are exposed to very low levels of creosote. People who are exposed to higher
concentrations than the general population are those exposed to creosote in their jobs and those

who use products that contain creosote to improve a health problem such as eczema or psoriasis.

Some people are exposed to creosote by using shampoos for psoriasis that contain creosote.
Herbal remedies containing the leaves from the creosote bush (chaparral) are available as a
dietary supplement and are a source of exposure to wood creosote. People who drink chaparral
tea could be exposed to wood creosote. Hazardous waste sites are a major source of
contamination with creosote, coal tar, and coal tar pitch. Individuals working in the wood-
preserving industry make up the largest part of the population that might be exposed to coal tar
creosote. Individuals who live in areas that used to be sites of wood-preserving facilities may be
exposed if the soil was never cleaned up. The most common way that creosote will enter the
body when it is present in soils is through the skin. In addition, children may also ingest
creosote if they put their unwashed hands in their mouths after touching soil or wood
contaminated with creosote. The most common way that it will enter the body for individuals in

the wood-preserving industry is through the lungs.

Asphalt workers; rubber, aluminum, iron, steel, and tire factory workers; and people working in
the coke-producing industries are also at risk for potential exposure to coal tar pitch and coal tar
pitch volatiles. They may breathe in vapors from or have direct skin contact with wood-
preservation solutions, freshly treated wood, asphalt mixtures, or other products of coke-
producing industries. Workers who use creosote-treated wood in building fences, bridges, or
railroad tracks or installing telephone poles may be exposed; those who inspect or maintain these
materials, or apply asphalt or other coal tar pitch-containing materials, may also be exposed.

Homeowners, farmers, or landscapers who apply coal tar creosote to wood in noncommercial
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settings using a brush or dip procedure (which is no longer allowed by law unless you have been
trained to safely use creosote as a wood preservative), or who use railroad ties or telephone poles
in landscaping, or who reclaim scrap lumber from a treated structure may also be exposed. In
addition, people who work or live in treated-wood houses (log cabins) may be exposed through
the air or by direct contact with the wood. Exposure to coal tar products may also occur in the
natural gas and aluminum smelting industries. You can be exposed by any contact with water,
soil, air, or plant and animal tissues that contain creosotes, coal tar, coal tar pitch, or its volatile
components. Intentional or accidental eating of coal tar creosote has resulted in poisoning. If
your activities bring you into contact with these mixtures, such as at hazardous waste sites, in
contaminated groundwater, in wood products treated with creosote, or in contaminated shellfish,
you will be exposed to coal tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles.

You can also be exposed by drinking water contaminated by a hazardous waste site. For more

information on human exposure to these substances, see Chapter 6.

1.4 HOW CAN CREOSOTE ENTER AND LEAVE MY BODY?

Creosotes and coal tar products can enter your body through the lungs, stomach, intestines, and
skin. No information that describes how fast or how much creosote or its components might
enter the body after one or many exposures is available. The amount that enters the body
depends on how you come in contact with it (via air, food, water, skin), how much of the mixture
is present, and how long you are exposed to it. Many of the parts of the coal tar creosote mixture
(for example, PAHs) are rapidly absorbed through the lungs, stomach, and intestines. Prolonged
exposure through the skin, without washing, may increase the amount of the creosotes or coal tar
products that pass into the bloodstream. Individual components of coal tar creosote, coal tar,
coal tar pitch, and coal tar pitch volatiles may be stored in body fat. In the body, some coal tar
components may be metabolized. For example, pyrene can be metabolized to 1-hydroxypyrene.
Some studies indicate that creosotes may cross the placenta into the tissue of the developing
fetus. Because coal tar products may be stored in body fat, they may be found in breast milk.
Creosotes leave the body primarily in the stool; a smaller amount leaves the body in the urine.
See Chapter 3 for more information on how creosotes and coal tar products enter and leave the

body.
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1.5 HOW CAN CREOSOTE 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.

Exposure to creosotes, coal tar, coal tar pitch, or coal tar pitch volatiles may be harmful to your
health. Eating food or drinking water contaminated with a high level of these compounds may
cause a burning in the mouth and throat as well as stomach pain. Taking herbal remedies
containing creosote bush leaves may result in damage to the liver or kidney. Reports describing
poisoning in workers exposed to coal tar creosote, or in people who accidentally or intentionally
ate coal tar creosote prove that these chemicals can be harmful. These reports indicate that brief
exposure to large amounts of coal tar creosote may result in a rash or severe irritation of the skin,
chemical burns of the surfaces of the eye, convulsions and mental confusion, kidney or liver
problems, unconsciousness, or even death. Longer exposure to lower levels of coal tar creosote,
coal tar, coal tar pitch or coal tar pitch volatiles by direct contact with the skin or by exposure to
the vapors from these mixtures can also result in increased sensitivity to sunlight, damage to the
cornea, and skin damage such as reddening, blistering, or peeling. Longer exposures to the
vapors of the creosotes, coal tar, coal tar pitch, or coal tar pitch volatiles can also cause irritation
of the respiratory tract. Skin cancer and cancer of the scrotum have also resulted from long
exposure to low levels of these chemical mixtures, especially through direct contact with the skin
during wood treatment or manufacture of coal tar creosote-treated products, or in coke or natural
gas factories. Prolonged skin exposure to soot and coal tar creosote has been associated with
cancer of the scrotum in chimney sweeps. These levels are much higher than the levels that you

are likely to be exposed to in groundwater, food, air, or soil.

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
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compassion. Laws today protect the welfare of research animals, and scientists must comply

with strict animal care guidelines.

Rats and mice fed a large amount of wood creosote at one time had convulsions and died. Rats
fed a smaller amount of wood creosote for a long period developed kidney and liver problems,
and died. Exposure to coal tar products through the skin has resulted in skin cancer in animals.
Laboratory animals that ate food containing coal tar developed cancer of the lungs, liver, and

stomach, and animals exposed to coal tar in the air developed lung and skin cancer.

The International Agency for Research on Cancer (IARC) has determined that coal tar is
carcinogenic to humans and that creosote is probably carcinogenic to humans. EPA has also

determined that coal tar creosote is a probable human carcinogen.

1.6 HOW CAN CREOSOTE 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 generally exposed to very low levels of creosote, but intentional or accidental eating
of coal tar creosote has resulted in poisoning. Children who live in hazardous waste areas
contaminated with creosote may be exposed by drinking contaminated water or from contact
with soil. The most common way that creosote will enter the body when it is present in soils is
through the skin. However, children may also swallow creosote if they eat dirt or put their
unwashed hands in their mouths after touching soil or wood contaminated with creosote. In
addition, children may be exposed to creosote compounds if they eat fish and shellfish from
contaminated areas. Children may also be exposed to creosote if they use products that contain
creosote to improve a health problem such as dandruff, eczema, or psoriasis, or if they are given

an herbal remedy containing the leaves from the creosote bush (chaparral).

Children may also be exposed to creosote if they breathe in vapors from or have direct skin

contact with freshly treated wood found in fences, bridges, railroad ties, or telephone poles. In
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addition, children who live in treated-wood houses (log cabins) may be exposed through the air
or by direct contact with the wood. The use of creosote to protect wooden playground
equipment or wooden decks for the yard is not recommended, but children may be exposed to
creosote if it has been applied to wood in or around the home in the past. Children could also be
exposed to creosote on their parent’s clothing or shoes if these have been contaminated with
creosote at the workplace. Children are not more likely to be exposed to creosote than adults,

and there is no unique exposure of children to creosote.

Children who played on soil contaminated with creosote had more skin rashes than children who
played in uncontaminated areas. Apart from this, the health effects of creosote have not been
studied in children, but they would likely experience the same health effects seen in adults
exposed to creosote. We do not know whether children differ from adults in their susceptibility
to health effects from creosote. Children could be more susceptible to cancer because they might

have a longer time in which to develop it, but this association has not been studied.

No effects have been reported for children exposed to creosote before birth. Experiments in
laboratory animals have shown birth defects, such as cleft palates, in the young of mothers
exposed to high levels of creosote during pregnancy, but whether creosote could induce such
defects in humans is not known. Some animal studies indicate that creosotes may cross the
placenta into the tissue of the developing fetus. Because chemical components of coal tar may
be stored in body fat, they may be found in breast milk and therefore could be transferred to
newborns and infants. For more information on the effects of creosote on children, see

Section 3.7.
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1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO CREOSOTE?

If your doctor finds that you have been exposed to significant amounts of creosote, coal tar, coal
tar pitch, or coal tar pitch volatiles, ask whether your children might also be exposed. Your

doctor might need to ask your state health department to investigate.

Families may reduce the risk of exposure to coal tar creosote, coal tar, coal tar pitch, and coal tar
pitch volatiles in several ways if they find that they are at risk of such exposures. If you live in a
residential area that used to have a wood preservation facility or gas manufacturing plant located
nearby, you should use precautions to decrease or limit your exposure to creosote that may be
present in the soil or water. This may include wearing long-sleeved shirts and long pants when
working or playing outside and avoiding using water contaminated with creosote. If the soil in
your yard was contaminated by creosote in the past, you should probably not grow food in it.
You will need to wash your hands and any other exposed skin carefully after you are in contact
with the contaminated soil or water outside. This is especially true for children since they have a
tendency to put their hands in their mouths. Some children eat a lot of dirt. It is not fully
understood how much of the creosote bound to dirt may come off the dirt when it is inside your
body. You should discourage children from eating dirt. Make sure they wash their hands
frequently and before eating. Discourage your children from putting their hands in their mouths

or from engaging in other hand-to-mouth activity.

Children may be exposed to creosote during their outdoor play activities. You should encourage
your children not to play in contaminated areas, particularly in those that may be abandoned
waste sites or waste sites undergoing cleanup. Some children will ignore signs posted at the sites
that alert the public to possible dangers and declare the areas off limits. Encourage your children
to follow the instructions on the signs and to play elsewhere. Children may come into contact
with creosote-treated wood when playing on or near railroad tracks, in ditches close to utility
poles, in old barns or other farm structures, or on bridges or piers. Children may also be exposed
to creosote through ingestion if they chew or place their mouths on creosote-treated objects such
as fence posts or pier railings. You should discourage your children from such behavior and

from putting foreign objects in their mouths.
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Drinking chaparral tea may result in exposure to wood creosote by swallowing. If you drink
chaparral tea you may expose your children. Creosote is also found in coal tar shampoos used
for anti-dandruff therapy, in coal tar ointments used for treatment of eczematous dermatitis and
in mineral coal tar for the treatment of psoriasis. You may expose your children to creosote if
you use any of these products. Ask your doctor to suggest alternative treatments that do not

involve the use of these products.

It is sometimes possible to carry creosote into the home on work clothing or shoes that may have
been exposed to coal tar creosote, coal tar, or coal tar pitch at the workplace. This may be of
more importance for people who work in the wood-preserving industry or in jobs such as
roofing, paving, and chimney cleaning than for people who work in the coking industry, or in
other plants that use coal tar-derived products and for which the main route of exposure is
through breathing in contaminated dust. You can contaminate your car, home, or other locations
outside work where children might be exposed to creosote. You should know about this
possibility if you work with creosote. Long-term exposure to low levels of creosote through
direct contact with skin has resulted in skin cancer. For workers in wood preservation facilities,
the American Wood Preservers Institute (AWPI) recommends washing work clothes separately
from other household clothing if oily creosote residues or sawdust from creosote-treated wood
are present on the clothes. Adults with contaminated work clothes should wash them before
reusing them. If you work in an industry in which creosote is used, your occupational health and
safety officer at work should tell you whether this or other chemicals you work with are
dangerous and likely to be carried home on your clothes, body, or tools and whether you should
be showering and changing clothes before you leave work, storing your street clothes in a
separate area of the workplace, or laundering your work clothes at home separately from other
clothes. Your employer should have Material Safety Data Sheets (MSDSs) for many of the
chemicals used at your place of work, as required by the Occupational Safety and Health
Administration (OSHA). Information on these sheets should include chemical names and
hazardous ingredients, important properties (such as fire and explosion data), potential health
effects, how you get the chemical(s) in your body, how to properly handle the materials, and
what to do in an emergency. Your employer is legally responsible for providing a safe

workplace and should freely answer your questions about hazardous chemicals. Your OSHA-
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approved state occupational safety and health program or OSHA can answer any further
questions and help your employer identify and correct problems with hazardous substances.
Your OSHA-approved state occupational safety and health program or OSHA will listen to your
formal complaints about workplace health hazards and inspect your workplace when necessary.

Employees have a right to optimal safety and health on the job without fear of punishment.

Your children may be exposed to creosote compounds by eating certain types of fish and
shellfish caught from certain locations. Certain states, American Indian tribes, and U.S.
territories have issued freshwater fish advisories to warn people about creosote-contaminated
fish. Each state, American Indian tribe, or U.S. territory sets its own criteria for issuing fish
advisories. A fish advisory will specify which bodies of water have restrictions. The advisory
will tell you what types and sizes of fish are of concern. The advisory may completely ban
eating fish or tell you to limit your meals of a certain fish type. For example, an advisory may
tell you to eat a certain type of fish no more than once a month. The advisory may tell you to eat
only certain parts of the fish and how to prepare or cook the fish to decrease your exposure to
creosote. The fish advisory may be stricter to protect pregnant women, nursing mothers, and
young children. Chemicals in creosote have been found in breast milk and may cross the
placenta. To reduce your child’s exposure to creosote, obey fish advisories. Information on fish
and wildlife advisories in your home state is available from your state health or natural resources

department. Signs might also be posted in certain fishing areas.

Creosote is a restricted-use pesticide, meaning that it is only supposed to be applied by people
who are trained to use it safely and who have been tested and approved to use it. It is not
available over-the-counter for use in the home or garden. The AWPI does not recommend the
use of creosote to protect wooden playground equipment or wooden decks for the yard. Other
pesticides are generally used for preserving playground equipment and decks. Your children
may be exposed to creosote if an unqualified person applies it to wood in or around your home,
such as to sundecks or to wooden equipment your children play on. In some cases, the improper
use of pesticides banned for use in homes has turned homes into hazardous waste sites. Make
sure that any person you hire is licensed and, if appropriate (as is the case for creosote), certified

to apply pesticides. Your state licenses each person who is qualified to apply pesticides
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according to EPA standards and further certifies each person who is qualified to apply restricted-
use pesticides. Ask to see the license and certification. Also ask for the brand name of the
pesticide, an MSDS, the name of the product’s active ingredient (the chemical that makes the
pesticide work), and the EPA registration number. Ask whether EPA has designated the
pesticide “for restricted use” and what the approved uses are. This information is important if

you or your family react to the product.

If you feel sick after a pesticide has been used in your home, consult your doctor or local poison

control center.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO CREOSOTE?

No medical test will determine if you have been exposed to wood creosote, coal tar creosote,
coal tar, coal tar pitch mixtures, or coal tar pitch volatiles. However, chemicals contained in
creosote (such as PAHs or phenol) may be detected and measured in body tissues (organs,
muscle, or fat), urine, or blood after exposure to creosote. Typically, this may be done for
employees in industry who work with coal tar creosote, coal tar, and coal tar pitch to monitor
their exposure. For example, the metabolite 1-hydroxypyrene, which can be detected in urine
after exposure to pyrene, has been used to test for exposure to creosote because pyrene is a
component of creosote. This test would determine only whether you have recently been exposed
to pyrene, but cannot positively identify the source of the pyrene as creosote or accurately
predict whether you will experience any adverse health effects. Moreover, analyses of urine
samples for 1-hydroxypyrene are not normally done in a doctor’s office because they require

special equipment.

For more information on tests to measure coal tar creosote, coal tar, coal tar pitch, or coal tar

pitch volatiles in the body, see Chapters 3 and 7.
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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 EPA, the 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

ATSDR and the National Institute for Occupational Safety and Health (NIOSH).

Regulations and recommendations can be expressed in not-to-be-exceeded 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-be-exceeded 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 creosote include the following:

On December 10, 1992, FDA issued a nationwide warning to consumers (FDA Press Release,
P92-38) about chaparral, an herbal product derived from the leaves of the creosote bush, because
of reports of acute toxic hepatitis after its use. The press release can be found at the FDA Web

site, http://www.fda.gov.

Regulatory standards and guidelines for air and water exist for the most important individual
PAHs and phenols contained in wood creosote, coal tar creosote, coal tar, and coal tar pitch.
EPA has designated coal tar creosote a restricted-use pesticide. This means it can only be
bought and used by certified applicators and only for those uses covered by the applicator's

certification. In addition, coal tar creosote has been identified by EPA as a hazardous waste.
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The federal government has developed regulatory standards and guidelines to protect workers
from the potential health effects of other coal tar products in air. OSHA has set a Permissible
Exposure Limit (PEL) of 0.2 milligrams of coal tar pitch volatiles per cubic meter of air

(0.2 mg/m®) in workroom air to protect workers during an 8-hour shift.

For more information on regulations and advisories for coal tar creosote, coal tar, and coal tar

pitch exposure, see Chapter 8.

1.10 WHERE CAN | GET MORE INFORMATION?

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

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

Web site: http://www.atsdr.cdc.gov

* Information line and technical assistance

Phone: 1-888-42-ATSDR (1-888-422-8737)
Fax: 1-404-498-0057

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 22161

Phone: (800) 553-6847 or (703) 605-6000
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2. RELEVANCE TO PUBLIC HEALTH

2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO CREOSOTE IN THE
UNITED STATES

This profile addresses several substances: wood creosotes, coal tar creosote, coal tar, coal tar pitch, and

coal tar pitch volatiles. Figure 2-1 shows how these substances are produced.

Creosote has been identified in at least 46 of the 1,613 hazardous waste sites that have been proposed for
inclusion on the EPA National Priorities List (NPL). However, the number of sites evaluated for creosote

is not known. Of these sites, all 46 are located within the United States.

2.1.1 Wood Creosotes

Wood creosotes are derived from the resin from leaves of the creosote bush (Larrea, referred to herein as
creosote bush resin) and beechwood (Fagus, referred to herein as beechwood creosote). Creosote bush
resin consists of phenolic (e.g., flavonoids and nordihydroguaiaretic acid), neutral (e.g., waxes), basic
(e.g., alkaloids), and acidic (e.g., phenolic acids) compounds. The phenolic portion comprises 83-91% of
the total resin, while nordihydroguaiaretic acid accounts for 5-10% of the dry weight of the leaves.
Extracts of the creosote bush are used in homeopathic medicine, and the leaves are used to make an
infusion called chaparral. Beechwood creosote consists mainly of phenol, cresols, guaiacol, xylenol, and
cresol. Itis a colorless or pale yellowish liquid, and has a characteristic smoky odor and burnt taste. It
had therapeutic applications in the past as a disinfectant, laxative, and stimulating expectorant, but it is
not a major pharmaceutical ingredient today in the United States. Exposure to wood creosotes appears to

be confined to dermal contact with the plants and ingestion of plant extracts such as chaparral.

2.1.2 Coal Tar and Coal Tar Products

Coal tars are by-products of the carbonization of coal to produce coke and/or natural gas. Coal tar
creosotes are distillation products of coal tar, while coal tar pitch is a residue produced during the
distillation of coal tar. Coal tar pitch volatiles are compounds given off from coal tar pitch when it is

heated. Coal tar creosotes, coal tar, coal tar pitch, and coal tar pitch volatiles are composed of many
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Figure 2-1. Origin of Wood Creosotes and Coal Tar Products
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individual compounds of varying physical and chemical characteristics. In addition, the composition of
each, although referred to by specific name (e.g., coal tar creosote) is not consistent. For instance, the
components and properties of the mixture depend on the temperature of the destructive distillation

(carbonization) and on the nature of the carbon-containing material used as a feedstock for combustion.

Usually, coal tars are viscous liquids or semisolids that are black or dark brown with a naphthalene-like
odor. Coal tars are complex combinations of polycyclic aromatic hydrocarbons (PAHs), phenols,
heterocyclic oxygen, sulfur, and nitrogen compounds. PAH composition of coal tars is variable.
Analyses of PAHs in four coal tar samples revealed 2- to 20-fold differences in concentration of selected
PAHs among the samples. For example, benzo[a]pyrene ranged from nondetectable levels to 1.7, 3.9, and
6.4 g/kg of coal tar. By comparison, coal tar creosotes have an oily liquid consistency and range in color
from yellowish-dark green to brown. The coal tar creosotes consist of PAHs and PAH derivatives. At
least 75% of the coal tar creosote mixture is PAHs. Coal tar pitch is a shiny, dark brown-to-black residue
that contains PAHs and their methyl and polymethyl derivatives, as well as heteronuclear compounds.
Coal tar creosote, coal tar, and coal tar products are used as wood preservatives, herbicides, fungicides,
insecticides, and disinfectants. Volatile components of the coal tar pitch can be given off during
operations involving coal tar pitch, including transporting, and in the coke, aluminum, and steel

industries.

There are no known natural sources of coal tar creosote. Coal tar creosote has been widely used as a
wood-treatment pesticide since the turn of the 20™ century, and workers in the wood-preserving industry
have been exposed to coal tar creosote by the dermal and inhalation routes. Potential sources of non-
occupational human exposure to coal tar creosote include contact with coal tar creosote-treated wood
products (e.g., railroad ties used for landscaping), incineration of coal tar creosote-treated scrap lumber,
contact with contaminated environmental media at hazardous waste sites (e.g., ingestion of contaminated
groundwater), and the use of pharmaceutical products (e.g., shampoos) containing coal tar creosote. The
EPA canceled all nonwood uses of coal tar creosote and restricted use of coal tar creosote products to
certified applicators in January 1986. No information was found in the available literature regarding
ambient atmospheric or water concentrations of coal tar creosote-derived components (i.e., PAHSs) in the
United States. PAHs have been measured in surface and subsurface soils around abandoned coal tar
creosote wood treatment facilities at levels ranging from nondetectable to 1,000 ppm. Since coal tar
creosotes are complex mixtures, techniques for relating apparent bioaccumulation or biomagnification in
food chains to human health concerns are not well defined. Fish or shellfish directly exposed to coal tar

creosote wastes will be tainted by offensive odors and tastes. In addition, fish and shellfish may
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accumulate coal tar creosote constituents at concentrations high enough to prompt public health officials
to issue consumption advisories. The potential for human exposure to coal tar creosote is discussed in

detail in Chapter 6 of this profile.

2.2 SUMMARY OF HEALTH EFFECTS

2.2.1 Wood Creosotes

Exposure to wood creosotes appears to be confined to ingestion of plant extracts and dermal contact with
the plants. Most of the toxicity data for oral exposure to wood creosotes comes from reports of
individuals who ingested plant extracts such as chaparral, an herbal extract prepared by grinding leaves of
the creosote bush, or “seirogan”, a Japanese folk remedy made with wood creosote that is typically taken

for stomachaches.

Several reports suggest that repeated exposure to chaparral is associated with adverse liver effects. There
are isolated reports of renal failure, and of cystic renal disease and cystic adenocarcinoma of the kidney in
individuals taking chaparral tea for periods ranging from 3 to 10 months. However, because of the
limited amount of data, it is not possible to attribute the findings of renal effects to ingestion of chaparral

tea. Cases of acute allergic dermatitis from dermal exposure to the creosote bush have been reported.

Information on health effects associated with the use of beechwood creosote is also very limited. It has
been observed that the distribution of cancer cases in Japan coincided with “seirogan” production areas,
but an association between cancer incidence in Japan and the use of “seirogan” cannot be made with the
available data. It should be noted that beechwood creosote doses of up to 394 mg/kg/day in the diet for
96 weeks induced signs of toxicity in rats, but failed to produce treatment-related increases in the
incidence of tumors. Organs examined for tumors include testis, ovary, pancreas, breast, thyroid and
adrenal glands, lungs, and lymph nodes. Similar results were seen in a 52-week study with mice. In
humans, dermal administration of beechwood tar for up to 8 weeks did not impair renal function or
produce other adverse effects; however, animal studies suggest that long-term oral exposure to
beechwood creosote has the potential to induce adverse effects in the kidney. The available data suggest
that hepatic and dermal effects are the main adverse outcomes that result from oral or dermal exposure,

respectively, to wood creosotes.
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Hepatic Effects. Icterus, jaundice, abdominal pain, liver failure, acute toxic hepatitis, and elevated
serum liver enzymes were among the effects reported in four individuals who repeatedly ingested
chaparral capsules (160—1,500 mg chaparral/day) over a period ranging from 6 weeks to 10 months.
Liver transplant was required for one of the patients. Elevated liver enzymes returned to normal levels
3—6 weeks after exposure to chaparral was discontinued. Increased liver-to-body weight ratio has been
observed in rats and mice orally exposed to beechwood creosote for as little as 3 months. The effect was
generally seen at doses >143 mg/kg/day. However, no treatment-related liver histopathological
alterations were observed in these animals. These findings are relevant for individuals in the general

population who ingest chaparral capsules or chaparral tea.

Dermal Effects. There are reports of seven cases of acute allergic dermatitis following contact with
the creosote bush. The patients presented erythematous and vesicular dermatitis of the face, the upper
part of the neck, and the backs of the hands. An allergic component to these reactions was confirmed by
patch tests. Beechwood creosote has been found to irritate the periapical tissue (the connective tissue
surrounding the apex of the tooth) in dogs 7 days after its application. Localized inflammatory changes
and occasional abscess formation were observed in these animals. Application of birch tar to the ear of
rabbits for 3 weeks was associated with the formation of comedones on the ear. These findings show that
members of the general population who come into contact with the creosote bush may develop acute

allergic reactions of the skin.

2.2.2 Coal Tar and Coal Tar Products

Exposures to coal tar and coal tar products may take place in industrial and non-industrial settings and can
occur through a number of different routes of exposure. Information regarding the adverse human health
effects of coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles is available from
occupational surveys and retrospective health studies. Unfortunately, the usefulness of many of the
occupational studies is hampered by incomplete characterization of worker exposure and the difficulty in
ascribing adverse effects to a particular exposure route. Additional health effects information is available
from the use of coal tar products in the medical treatment of psoriasis patients. There are no reports of
adverse reproductive or developmental outcomes in humans exposed to coal tar and coal tar products.
Sperm counts and sperm characteristics were found to be unaffected in workers exposed to coal tar pitch
volatiles. Women treated with coal tar for psoriasis or dermatitis (ages at treatment were 18-35 years) did
not exhibit an increase in spontaneous abortions or congenital disorders in their offspring. There were no

changes in reproductive outcomes, such as number of pregnancies, live, premature, and still births, or
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spontaneous abortions, among women who reside in a housing development built on contaminated land
formerly occupied by a coal tar creosote wood treatment plant. Some studies have found adverse
developmental effects in animals that were administered coal tar orally during gestation. There is,
however, evidence of maternal toxicity in these studies. Estrogenic effects were not seen in mice orally
administered coal tar creosote. The available information suggests that increased carcinogenicity risk and
adverse dermal and respiratory effects are the most important health concerns related to exposure to coal

tar and coal tar products.

Cancer. Studies of workers exposed to coal tar creosote, coal tar, coal tar pitch, and coal tar pitch
volatiles in various industrial environments have found increased cancer risk involving a number of
tissues including the respiratory tract, skin, lung, pancreas, kidney, scrotum, prostate, rectum, bladder,
and central nervous system. Leukemia and lymphoma have also been diagnosed. These adverse effects
are not apparent in patients undergoing coal tar therapy. Animal studies have demonstrated the
carcinogenic potential of dermally-applied coal tar products. Less typical lesions include the
development of cancer of the lip in a group of men involved in fishing net repair. These men typically
held a creosote-laden wooden needle in their mouths during their work. Laboratory studies have found
increases in mortality due to lung tumors in female Wistar rats exposed to coal tar pitch aerosol for 10 or
20 months. These findings are relevant to workers exposed to coal tar and coal tar products and

individuals using coal tar therapeutically.

IARC has classified creosotes as a Group 2A mixture, probable human carcinogen, based on limited
human evidence and sufficient animal evidence of carcinogenicity. IARC classified coal tar and coal tar
pitches as Group 1 mixtures, carcinogenic to humans, based on sufficient evidence of human and animal
carcinogenicity. EPA has classified creosote as a Group B1 probable human carcinogen, based on

sufficient evidence from animal studies and limited evidence from human studies.

Dermal Effects. Dermal effects have been documented in populations occupationally and non-
occupationally exposed to coal tar and coal tar products. In patients medically treated with 5% coal tar,
dermal applications induced a photosensitizing effect in all patients within 30 minutes of treatment. The
Texas Department of Health documented an increased incidence of skin rashes among residents of a
housing development built on contaminated land formerly occupied by a coal tar creosote wood treatment
plant. The rashes were associated with contact with the soil in the housing area. In workers exposed to
coal tar and coal tar products, the observed dermal effects appear to be generally limited to unprotected

areas such as the hands, face, and neck, including the posterior part of the neck. There is also a report of
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erythematous, papular, and vesicular eruptions seen in the ankle region of men that came in contact with
coal tar creosote from freshly coated wood. Most of the chemical burns reported in workers who handled
wood treated with coal tar creosote are mild; however, the remainder can lead to subsequent pigmentation
and desquamation. Dermal irritation, burning, erythema, dry peeling skin on the face and neck with
irritation, and folliculitis on the forearms have been reported in workers handling creosote-treated wood.
The symptoms appeared to worsen on hot sunny days, which suggests a phototoxic effect. Similar effects
were seen in workers exposed to coal tar pitch and coal tar. A skin lesion classified as a benign squamous
cell papilloma was diagnosed in a man who was “heavily exposed” while dipping wood in coal tar
creosote tanks. In laboratory animals, skin irritation and the formation of comedones have been observed

following short-term dermal exposure to coal tar creosote.

Respiratory Effects. Workers using coal tar and coal tar creosote in wood preservative plants
exhibited mild to moderate pulmonary restrictive and obstructive deficits. There did not appear to be
large differences between smokers and nonsmokers in the prevalence of these conditions. Adverse
respiratory symptoms, including increased morbidity from obstructive lung disease, have also been
associated with long-term exposure of workers in an electrode manufacturing plant and in the aluminum
industry. A residential survey conducted by the Texas Department of Health as part of a site surveillance
program did not detect any adverse respiratory effects among residents of a housing development built on
contaminated land formerly occupied by a coal tar creosote wood treatment plant. Studies with animals
exposed to vapors of coal tar creosote or coal tar have shown lesions of the olfactory epithelium,

histiocytosis of the lung tissue, and chronic fibrosing pneumonitis with peribronchial adenomatosis.

2.3 MINIMAL RISK LEVELS

Minimal Risk Levels (MRLs) for wood creosote, coal tar creosote, coal tar, coal tar pitch, and coal tar
pitch volatiles cannot be determined because available data are insufficient for acute, intermediate, and
chronic exposures via the oral and inhalation routes. In addition, coal tar creosote, coal tar, coal tar pitch,
and coal tar pitch volatiles are extremely complex in their chemical compositions, thereby further
complicating the MRL derivation process. The MRL is an estimate of the daily human exposure to a
substance (noncarcinogenic) that is likely to be without an appreciable adverse risk over a specified
duration of exposure. The primary limitation to deriving the MRL for these agents is that the MRL is,
generally, based on measured biological effects of a single substance and not on the effects produced by
mixtures of chemicals, which is the chemical nature of the wood creosotes, coal tar creosote, coal tar, and

coal tar pitch. As stated in Section 1.1, creosote is a complex mixture originating from high temperature
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treatments of coal tar and beechwood or occurring in the resin of the creosote bush. About 300 chemicals
have been identified in coal tar creosote, and there may be 10,000 other chemicals present in the mixture.
Creosote derived from plants is composed of various organic compounds including phenols, cresols, and

guaiacol.

The derivation of the MRL is further complicated by the variability of the mixture's composition among
wood creosote and coal tar creosote samples and the differences in mode of action of the individual
components. The mixtures’ composition is dependent on the sources and preparation parameters of wood
creosote and coal tar creosote and, as a result, the creosote components are rarely consistent in their type
and concentration. Hence, toxicological evaluations of one creosote sample, for instance, are most likely
inadequate for extrapolation to other creosote samples, unless their compositions are similar. An example
of the composition variability among creosote samples was presented by Weyand et al. (1991). In that
study, the concentrations of several PAHs were analyzed in four samples of manufactured gas plant
(MGP) residue, a form of coal tar. All of the PAHs identified exhibited 2- to nearly 20-fold differences in
concentration among the four samples. Benzo[a]pyrene, a component whose individual toxicity has been
examined extensively, ranged from nondetectable levels (detection limit 0.3 g/kg) to 1.7, 6.4, and 3.9 g/kg
of coal tar. Other studies that illustrate the variability of samples include Wrench and Britten (1975),
Niemeier et al. (1988), and Emmett et al. (1981).

The risk assessment of mixtures on human and environmental health is complicated by the paucity of
approaches to assess environmental exposures and biological effects of chemical mixtures. Furthermore,
the use of single-compound toxicity data to predict the toxicity and health effects of complex mixtures is
highly speculative. The difficulty of using single-compound toxicity data to estimate the toxicity of
complex mixtures is illustrated by the considerable variation in carcinogenicity of PAHs depending on the
components of the mixture (Warshawsky et al. 1993). For instance, when benzo[a]pyrene, a potent
animal carcinogen, is added at noncarcinogenic levels to mixtures of carcinogenic or noncarcinogenic
PAHs, the skin tumorigenicity of the mixture, as well as the latency of tumor incidence, is changed.
Hence, unless the actual complex mixture is evaluated directly for toxicity, it is unlikely that its toxic

potency can be interpreted from that of its isolated components.

While there are no MRLs for the mixtures discussed in this profile, the interested reader should refer to
Table 8-1 for some regulations and guidelines applicable to coal tar creosote, coal tar, coal tar pitch, and

coal tar pitch volatiles.
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3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of creosote. 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.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or
lowest-observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the
studies. LOAELSs have been classified into "less serious" or "serious" effects. "Serious" effects are those
that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory
distress or death). "Less serious" effects are those that are not expected to cause significant dysfunction
or death, or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the 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
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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 creosote are

indicated in Tables 3-1, 3-2, and 3-4 and Figures 3-1 and 3-2.

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.

This profile addresses the toxicological and toxicokinetics database for several substances, wood creosote,
coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles, whose production stems from the
incomplete combustion or pyrolysis of carbon-containing materials. Creosotes, coal tar, coal tar pitch,
and coal tar pitch volatiles are composed of many individual compounds of varying physical and
chemical characteristics. In addition, the composition of each, although referred to by specific name (e.g.,
wood creosote or coal tar creosote) is not consistent. For instance, the components and properties of the
mixture depend on the temperature of the destructive distillation (carbonization) and on the nature of the

carbon-containing material used as a feedstock for combustion.

Wood creosote, coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles differ from each other
with respect to their composition. Wood creosotes are derived from beechwood (Fagus, referred to
herein as beechwood creosote) and the resin from leaves of the creosote bush (Larrea, referred to herein
as creosote bush resin). Beechwood creosote consists mainly of phenol, cresols, guaiacol, xylenol, and
creosol. It is a colorless or pale yellowish liquid, and has a characteristic smoky odor and burnt taste
(Miyazato et al. 1981). It had therapeutic applications in the past as a disinfectant, a laxative, and a

stimulating expectorant, but it is not a major pharmaceutical ingredient today in the United States.
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Creosote bush resin consists of phenolic (e.g., flavonoids and nordihydroguaiaretic acid), neutral (e.g.,
waxes), basic (e.g., alkaloids), and acidic (e.g., phenolic acids) compounds. The phenolic portion
comprises 83-91% of the total resin. Nordihydroguaiaretic acid accounts for 5-10% of the dry weight of
the leaves (Leonforte 1986). It is not known whether the health effects associated with creosote bush

resin are attributable to the phenolic components.

Coal tars are by-products of the carbonization of coal to produce coke or natural gas. Physically, they are
usually viscous liquids or semisolids that are black or dark brown with a naphthalene-like odor. The coal
tars are complex combinations of polycyclic aromatic hydrocarbons (PAHs), phenols, heterocyclic
oxygen, sulfur, and nitrogen compounds. By comparison, coal tar creosotes are distillation products of
coal tar. They have an oily liquid consistency and range in color from yellowish-dark green to brown. At
least 75% of the coal tar creosote mixture is PAHs. Unlike the coal tars and coal tar creosotes, coal tar
pitch is a residue produced during the distillation of coal tar. The pitch is a shiny, dark brown to black
residue which contains PAHs and their methyl and polymethyl derivatives, as well as heteronuclear
compounds (American Wood Preserver's Association 1988). Coal tar creosote, coal tar, and coal tar
products are used as wood preservatives, herbicides, fungicides, insecticides, and disinfectants (EPA
1981a, 1984a). Volatile components of the coal tar pitch can be given off during operations involving
coal tar pitch, including transporting, and in the coke, aluminum, and steel industries (Bender et al. 1988;

Mazumdar et al. 1975; NIOSH 1983; Ronneberg 1995b; Ronneberg and Anderson 1995).

Although beechwood creosote, creosote bush resin, and coal tar creosote have some components in
common, such as phenols, the differences in composition are pronounced enough to assume with
reasonable certainty that they will have different toxicological properties. Furthermore, coal tar creosote
contains PAHs, some of which are carcinogenic to animals, and beechwood creosote does not. Thus, the
relevance of health effects data on beechwood creosote to risk associated with exposure to coal tar

creosote 1s not known.

Throughout this profile, every attempt is made to specify the characteristics of the creosote, coal tar, coal
tar pitch, or coal tar pitch volatiles under discussion, and to indicate which health effects may be expected
to be common to two or more forms. The intent of this profile is to discuss the creosotes, coal tar, coal tar
pitch, and coal tar pitch volatiles. Therefore, the health effects of the individual components (e.g., PAHs,
phenol, or others) will not be discussed in great detail even though it is likely that the toxicity of wood
creosote, coal tar creosote, coal tar, coal tar pitch, and coal tar pitch volatiles is due largely to these major

individual components. However, it is understood that the toxicity of the individual components may not
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be representative of the actual toxicity of the mixtures because of the possibility of synergistic and/or
antagonistic interactions in the mixture. For more information on the health effects of these components,
the reader can refer to the ATSDR Toxicological Profiles for phenol, cresols, and polycyclic aromatic

hydrocarbons (Agency for Toxic Substances and Disease Registry 1992, 1995, 1998).

3.2.1 Inhalation Exposure

This section describes the health effects observed in humans and laboratory animals associated with
inhalation exposure to coal tar pitch or coal tar pitch volatiles, for which reliable exposure levels could be
determined. LSEs by the inhalation route presented in Table 3-1 and Figure 3-1 include studies using
coal tar pitch volatiles or aerosols. All reliable exposure levels have been stated, where possible. No
studies were located regarding the health effects in humans exposed solely by inhalation to wood
creosote, coal tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles. Studies of occupational
exposure of humans (Armstrong et al. 1994; Bender et al. 1988; Bertrand et al. 1987; Bolt and Golka
1993; CEOH 1997; Costantino et al. 1995; Gibbs 1985; Gibbs and Horowitz 1979; Karlehagen et al.
1992; Kromhout et al. 1992; Kunze et al. 1992; Lloyd 1971; Lloyd et al. 1970; Mazumdar et al. 1975;
NIOSH 1982; Park and Mirer 1996; Persson et al. 1989; Petsonk et al. 1988; Redmond 1976; Redmond et
al. 1972, 1976; Rockette and Arena 1983; Romundstad et al. 2000; Ronneberg 1995b; Ronneberg and
Andersen 1995; Sakabe et al. 1975; Schildt et al. 1999; Siemiatycki et al. 1994; Spinelli et al. 1991; Stern
et al. 2000; Swaen and Slangen 1997; TOMA 1979, 1981, 1982; Tremblay et al. 1995; Ward 1988; Wu et
al. 1998; Yadav and Seth 1998) did not distinguish between inhalation, oral, or dermal exposure. Several
studies were found describing health effects in animals of inhalation exposure to aerosols of coal tar or
coal tar pitch (Heinrich et al. 1994a, 1994b; Hueper and Payne 1960; MacEwen et al. 1977; Pfitzer et al.
1965; Springer et al. 1982, 1986b, 1987). Beechwood creosote, creosote bush resin, coal tar creosote,
coal tar, coal tar pitch, and coal tar pitch volatiles have some components in common, however, it is not

known which of these components produce the toxic effects.



Table 3-1 Levels of Significant Exposure to Creosote - inhalation

Exposure/ LOAEL
a Duration/
Keyto Species _ Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m**3) (mgim**3) (mg/m*3) Chemical Form
ACUTE EXPOSURE
Systemic
Human 8hr . Emmett 1986
Ocular 0.18 M (conjunctivitis)
(occup) CTPV
Rat 5d Gd 12-16 6 hr/d L . Springer et al. 1982
Resp 84 F 660 F (significant increase in lung
(CD) weight) coal tar aerosol
Hepatic 660 F
Renal 660 F
Endocr 660 F
Bd Wt 84 F 660 F (significant decrease in body
weight)
Immuno/lymphoret
Rat 5d Gd 12-16 6 hr/d o . Springer et al. 1982
84 F 660 F (significant decrease in thymus
€D weight and increase in spleen coal tar aerosol
weight)
Reproductive
Rat 5d Gd 12-16 6 hr/d o ) Springer et al. 1982
84 F 660 F (significant increase in the
(CD) incidence of mid- and coal tar aerosol
late-gestational resorptions)
Developmental
Rat 5d Gd 12-16 6 hr/d . Springer et al. 1982
84 660 (reduced fetal size, weight and
(D) lung size, reduced ossification) coal tar aerosol
INTERMEDIATE EXPOSURE
Death
10 mo 5 diwk 17 hr/d Heinrich et al. 1994a, b
Ra.t W 26 F (increased mortality) nnich et a 2
(Wistar) coal tar pitch
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Table 3-1 Levels of Significant Exposure to Creosote - Inhalation

(continued)

Exposure/ LOAEL
a Duration/

Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m™3) (mg/m**3) (mg/m*3) Chemical Form
Systemic .

7 Rat 6 wk 5 d/wk 6 h/d . L . Sasser et al. 1989
. Cardio 700 M (20% elevation in arterial blood
(Fischer-344) pressure) coal mixture
Bd Wt 700 M (17.5 % decrease in body
weight)
8 Rat 5wk 5 diwk 6 hr/d Springer et al. 1986b
? Resp 30 (histiocytosis of lung)
(Fischer- 344) coal tar aerosol
Cardio 690
Gastro 140 M 690 M (epithelial hyperplasia and
chronic inflammation in cecum)
690 F
Hemato 30 140  (significant decrease in red
blood cells, hemoglobin, and
volume of packed red cells,
significant increase in
reticulocytes)
Hepatic 140 M 690 M (significant increase in relative
weight of liver and serum
cholesterol)
Renal 30F 30 M (significant increase in relative 690 M (pelvic epithelial hyperplasia)
weight of kidney)
140 F
Endocr 690
Bd Wt 30 140 (7% decrease in body weight)
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Table 3-1 Levels of Significant Exposure to Creosote - Inhalation (continued)

31080340

Exposure/ LLOAEL
a Duration/
Keyto Species  Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mgim**3) (mg/m*3) (mg/m*3) Chemical Form
Systemic
9 Rat 13wk 5d/wk 6 hr/d Springer et al. 1986b
- Resp 30 (histiocytosis of lung) 690 (lesions of olfactory epithelium) pring
(Fischer- 344) . coal tar aerosol
Cardio 690
Gastro 140 690 (epithelial hyperplasia, ulcers
and chronic inflammation of
cecumy)
Hemato 30M 140 M
140 F 690 F (significant decrease in red

blood cells, hemoglobin, and
volume of packed red cells)

Hepatic 30F 30 M (significant increase in relative 690  (presence of liver lesions,
liver weight) elevated cholesterol, blood urea
nitrogen and alteration in
140 F activities of SGPT and LDH)
Renal 30 140 (significant increase in relative 140 M (pelvic epithelial hyperplasia
kidney weight) and pigmentation of cortical
tubules)
690 F
Endocr 690
Bd Wt 30 140 (10% decrease in body weight)
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Table 3-1 Levels of Significant Exposure to Creosote - Inhalation

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m**3) (mg/m**3) (mg/m**3) Chemical Form
Systemic
10 Mouse 13 wk 5 d/wk 6 hr/d . . Springer et al. 1987
Resp 140 690 (lesions of olfactory epithelium)
(CD-1) coal tar aerosol
Cardio 690
Gastro 690
Hemato 140 690 (significant decrease in red
blood cells, hemoglobin,
reticulocytes and volume of
packed red cells)
Hepatic 29 M 140 M (significant decrease in liver
weight)
140 F
690 F
Renal 690
Endocr 690
Bd Wt 690
11 Rabbi 9 mo 5 d/wk 6 hr/d MacEwen et al. 1977
abbit Bd Wt 10F (31% decrease in body weight)
(New coal tar
Zealand)
Immuno/lymphoret
12 Rat 5wk 5h/d 6 hr/d Springer et al. 1986b
. 140 690 (decreased number of
(Fischer- 344) megakaryocytes in sp|een) coal tar aerosol
13 Rat 13wk 5d/wk 6 hr/d Springer et al. 1986b
30 140  (significant reduction in weight 690  (atrophy of thymus, hypocellular pring

(Fischer- 344)

of thymus)

bone marrow, and decreased coal tar aerosol
number of megakaryocytes in
marrow and spleen)
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Table 3-1 Levels of Significant Exposure to Creosote - Inhalation

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m*3) (mg/m*3) (mg/m*3) Chemical Form
Immuno/lymphoret
14 Mouse 13 wk 5 diwk 6 hr/d 140 M 690 M (significant d . ot Springer et al. 1987
significant decrease in weig
(CD-1) of thymus) coal tar aerosol
29F
140 F
Neurological
15 Rat Swk 5diwk 6 hr/d Springer et al. 1986b
. 140 M 690 M (significant increase in relative
(Fischer- 344) brain weight) coal tar aerosol
690 F
16 Rat 13 wk 5 diwk 6 hr/d 0 140 (significant in relati Springer et al. 1986b
. significant increase in relative
(Fischer- 344) brain weight) coal tar aerosol
17 Mouse 13 wk 5 d/wk 6 hr/d 690 Springer et al. 1987
(CD-1) coal tar aerosol
Reproductive
18 Rat 5wk 5 h/d 6 hr/d 690 M 690 F (d d luteal ti ) Springer et al. 1986b
. ecreased luteal tissue
(Fischer- 344) coal tar aerosol
140 F
19 Rat 13 wk 5 d/iwk 6 hr/d . Springer et al. 1986b
) 30 M 140 M (significant increase in relative
(Fischer- 344) weight of testis) coal tar aerosol
140 F
690 F (significant decrease in relative
weight of ovary and amount of
luteal tissue)
20 Mouse 13 wk 5 d/wk 6 hr/d 690 M 690 F (significant d . Springer et al. 1987
significant decrease in ovary
(CD-1) weight) coal tar
140 F
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Table 3-1 Levels of Significant Exposure to Creosote - [nhalation {continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m**3) (mg/m**3) (mg/m**3) Chemical Form
Cancer
10 mo 5 d/wk 17 hr/d Heinrich et al. 19943, b
21 Rat w 2.6 F (CEL: 39% incidence
(Wistar) broncho-alveolar adenomas & coal tar pitch
adenocarcinomas)
90 d 24 hr/d MacEwen et al. 1977
22 Mouse 10 F (CEL: 18/43 skin tumor, control
CAF1- JAX = 0/225) (CEL: 27/50 lung coal tar
tumor, control = 0/225})
2 90 d 24 hr/d MacEwen et al. 1977
3 Mouse 2F (CEL: 14/75 skin tumor,
ICR CF-1 controls = 3/225) coal tar
CHRONIC EXPOSURE
Death
24 Rat 20 mo 5 d/wk 17 hr/d . . Heinrich et al. 1994a
) 2.6 F (increased mortality)
(Wistar) coal tar pitch
Systemic
25 Monkey 18 mo 5 d/iwk 6 hr/d MacEwen et al. 1977
Bd Wt 10
{(Macaca coal tar
mulatta)
26 Rat 18 mo 5 d/wk 6 hr/d . . MacEwen et al. 1977
Bd Wt 10  (15% decrease in body weight)
(Sprague- : coal tar
Dawley)
Cancer
27 t 20 mo 5 d/wk 17 hr/d Heinrich et al. 1994a, b
Ra 11F (CEL: 33% incidence ennch eta
(Wistar)

broncho-alveolar adenomas & coal tar pitch
adenocarcinomas)
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Table 3-1 Levels of Significant Exposure to Creosote

- Inhalation (continued)
Exposure/ LOAEL
a Duration/
Keyto Species _ Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m**3) (mg/m**3) (mg/m**3) Chemical Form
18 mo 5 d/wk 6 hr/d MacEwen et al. 1977

28 Rat 10 M (CEL: 38/38 squamous cell

(Sprague- carcinoma) coal tar

Dawley)

10 F (CEL: 31/38 squamous cell
carcinoma and 3/38 mammary
fibroadenoma)

aThe number corresponds to entries in Figure 3-1.

Differences in levels of health effects and cancer between males and females are not indicated in figure 3-1

Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; CTPV = coal tar pitch volatiles; d = day(s); Endocr = endocrine; F = female; Gastro = gastrointestinal, Gd
= gestation day; Hemato = hematological; hr = hour(s); LDH = lactic dehydrogenase; LOAEL = lowest-observable-adverse-effect level; M = male; mo = month(s); NOAEL =

no-observable-adverse-effect level; Resp = respiratory; SGPT = serum glutamic pyruvic transaminase; wk = week(s)
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Figure 3-1 Levels of Significant Exposure to Creosote - Inhalation
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Figure 3-1 Levels of Significant Exposure to Creosote - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to Creosote - Inhalation (Continued)

Intermediate (15-364 days)
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Figure 3-1 Levels of Significant Exposure to Creosote - Inhalation (Continued)
Chronic (=365 days)

31080340

NOILYWHOANI TVOISAHd ANV TYOINIHD '€

) .
Q\e\ et
A ) N
mg/m3 o <0 Vi
100 —
10 — O2sk  (26r 23 €25¢
®24r
*Doses represent the lowest dose tested per study that produced a tumorigenic
*o7r response and do not imply the existence of a threshold for the cancer endpoint.
P -
c-Cat -Humans  f-Ferret n-Mink ‘ Cancer Effect Level-Animals ¥ Cancer Effect Level-Humans - LD50/LC50
d-Dog k-Monkey j-Pigeon o-Other @ | OAEL, More Serious-Animals - ALOAEL, More Serious-Humans i Minimal Risk Level
r-Rat m-Mouse e- Gerbll Q LOAEL, Less Serious-Animals ALOAEL Less Serious-Humans i for effects
p-Pig h-Rabbit s-Hamster ONOAEL - Animais ANOAEL - Humans <, other than
g-Cow a-Sheep  g-Guinea Pig Cancer

154




CREOSOTE 42

3. HEALTH EFFECTS

3.2.1.1 Death

No reports were located of death in humans attributed to inhalation exposure to wood creosote or the

creosote bush by inhalation.

Coal Tar Products. No studies were located connecting death in humans following exposure to coal tar
creosote, coal tar, coal tar pitch, or coal tar pitch volatiles solely by inhalation. A mortality study of
human exposure during employment at eight coal tar plants indicated significant increases in cancer-
related deaths, compared to the general population (TOMA 1982). No clear relationship between
inhalation of coal tar and increased mortality could be established since exposure routes in addition to
inhalation (e.g., dermal and oral) were likely and subjects were also exposed to other chemicals and
cigarette smoke. Since the study was retrospective, no attempt was made to estimate occupational
exposure levels from any source (TOMA 1982). Limitations of the study included absence of data on
smoking habits, short cut-off date of 10 days of employment, use of U.S. male mortality rates for
comparison as opposed to regional mortality rates, and mixed chemical exposure. The same study
population was used as the basis for a nested cancer case-control study (CEOH 1997). Fifty lung-cancer
cases were identified and matched with controls from the same cohort. There were three controls per
case, and individuals were matched for plant, gender, race, date of hire, and age at hire. Smoking history,
work and medical history data were gathered by telephone interviews with the subjects or their next of kin
and used to assign workers to various exposure classes. There was no statistically significant increase in
lung cancer risk in persons assessed as highly exposed to coal tar compared with those having low or no
exposure. The risk associated with working for >20 years in production was lower than that of short-term
employees. Controlling for smoking (data analyzed for smokers only) did not change the results, but no
nonsmoking cases were identified and therefore, it was not possible to assess the effects of coal tar

exposure without concurrent cigarette smoking.

In a mortality study of steelworkers employed in a coke oven plant in 1953, increased mortality from
respiratory neoplasms (monitored from 1953 to 1961) was observed in coke oven workers compared to
expected mortality rates (Lloyd 1971). Specifically, 20 deaths from respiratory neoplasms were
observed, compared to the expected 7.5 deaths. The increase in mortality was linked to an increase in
mortality from respiratory neoplasms in nonwhite oven workers who had been employed for $5 years.

No increase in deaths from respiratory neoplasms was observed in nonoven workers. In a series of follow
up studies of these same coke oven workers in Allegheny County, Pennsylvania, similar associations

between coal tar or coal tar pitch volatile exposure and mortality, primarily from lung cancer, were
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observed (Redmond 1976; Redmond et al. 1972, 1976). An increase in death due to kidney cancer was
observed at the plant, although this was not limited to the coke oven workers at the steel plant (Redmond
et al. 1976). Lung cancer mortality was higher in men exposed to coal tar in an aluminum smelter plant
for more than 21 years, with a standardized mortality ratio (SMR) of 2.2-2.4 compared to persons not
exposed to tar (Gibbs 1985; Gibbs and Horowitz 1979). Increased risk of mortality from pancreatic
cancer and leukemia of more than 30% was observed for workers in the potrooms and carbon departments

of 14 aluminum reduction plants, who had worked for >5 years (Rockette and Arena 1983).

A study of proportionate mortality among the 11,144 members of the United Union of Roofers,
Waterproofers, and Allied Workers (Stern et al. 2000) found a significant excess in mortality due to
cancers of the lung, bladder, esophagus, and larynx, and to pneumoconioses and other nonmalignant
respiratory diseases in these workers compared with U.S. age-, gender-, and race-specific proportional
mortality rates for the years of the study (1950-1996). These workers were occupationally exposed to
asphalt fumes and asbestos as well as coal tar pitch volatiles, and cigarette smoking must also be

considered as a likely confounding factor.

Spinelli et al. (1991) examined mortality and cancer incidence over a 30-year period among a cohort of
4,213 workers exposed to coal tar pitch volatiles emitted during the production of aluminum. A
significant increase in the mortality rate for brain cancer was observed. However, no exposure response
was seen for deaths from any form of cancer in direct relation to cumulative coal tar pitch volatile
exposure. Mortality in a Norwegian aluminum smelter plant was investigated in a cohort of

1,085-1,137 men who worked between 1922 and 1975 (Ronneberg 1995b; Ronneberg and Andersen
1995). An increase in mortality from atherosclerosis and chronic obstructive lung disease were associated
with 40 or more years of exposure or 20-39 years exposure to pot emissions, respectively (Ronneberg
1995b). When cancer incidence was analyzed, associations were found between tar exposure and
increases in bladder, prostatic, and lung cancer (Ronneberg and Andersen 1995). In a study of exposure
to coal tar pitch volatiles in coke oven plants in France, mortality due to lung cancer was 2.5 times higher
in the coke plant workers (534 males) exposed for periods from <5 to >10 years compared to the French
national male population (Bertrand et al. 1987). In another study of coal tar pitch volatile exposure in
coke oven plants, mortality was monitored in coke oven workers in Pennsylvania who had been employed
for >10 years (Mazumdar et al. 1975). An increase in mortality due to lung cancer was positively
correlated with coal tar pitch volatile exposure. In a study of coal tar pitch volatile exposure in the
aluminum industry, four workers from the same area of the plant died of lung cancer (Bolt and Golka

1993). The duration of exposure to coal tar pitch volatiles ranged from 3.5 to 23 years. Costantino et al.
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(1995) carried out an epidemiological study of 5,321 coke oven workers and 10,497 non-oven workers.
Statistically significant excess mortality was present among coke workers for several categories of death.
The relative risk (RR) for all causes of death was 1.08 (P<0.01; 95% confidence interval [CI]=1.02—1.14).
The increase in overall mortality was primarily due to increased deaths from cancers. There were highly
significant trends (P<0.001) for increased cancer risk with increasing duration of employment and
increasing exposure. The study did not control for smoking. However, the similar socioeconomic status
of the controls and exposed workers suggests that it is unlikely that there was a substantial difference in
smoking habits between the two groups. Further discussion of retrospective human cancer/mortality

studies can be found in Section 3.2.1.7.

Animal studies were also limited in number for this route of exposure. One study was located in which
rats were exposed for 1 hour to saturated vapors of coal tar creosote (Pfitzer et al. 1965). In this study, no
specific concentration level was stated and no deaths were observed. In a study in Wistar rats, female rats
were exposed to 1.1 or 2.6 mg/m’ coal tar pitch aerosol for 17 hours/day, 5 days/week for 10 months,
followed by exposure to clean air for 20 months (Heinrich et al. 1994a, 1994b). Increased mortality was
observed in the high-concentration group, due to lung tumors (no mortality data shown). Increased
mortality was also observed in Wistar rats exposed to 1.1 or 2.6 mg/m’ coal tar pitch aerosol for

17 hours/day, 5 days/week for 20 months, followed by clean air exposure for 10 months (Heinrich et al.
1994a, 1994b). New Zealand white rabbits exposed to 10 mg/m’ coal tar pitch aerosol in a mixture of
benzene, toluene, and xylene for 6 hours/day, 5 days/week for 18 months, exhibited higher mortality than
the control animals (89 versus 33%), although the authors attributed death to chronic respiratory infection
(MacEwen et al. 1977). Further evaluation of these animals was not provided, so it is not known whether
the inhalation exposure affected the susceptibility of the animals to respiratory infection. More
importantly, the biological effect of benzene, toluene, and xylene (BTX), which were used as carrier
solvents for the coal tar acrosol, was not evaluated in this study. Thus, while these solvents may have
played a part in the development of the adverse effects observed in this study, the actual magnitude of the
effect, if any, cannot be determined. Kock et al. (1994) reported death of 7 of 20 black rhinoceroses that
had been held in creosote-treated holding pens. The animals that died had oral and gastric ulcers,
widespread hemorrhages and hematoma, and uniformly swollen intensely green livers, containing
excessive intrahepatic bilirubin. However, doses and routes of exposure were not established in this

study.

The LOAEL values for death in each species are recorded in Table 3-1 and plotted in Figure 3-1.
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3.2.1.2 Systemic Effects

No studies were located regarding the gastrointestinal, musculoskeletal, hepatic, endocrine, or body
weight effects in humans or musculoskeletal effects in animals after inhalation exposure to creosotes, coal
tar, coal tar pitch, or coal tar pitch volatiles. The systemic effects that have been observed in humans and
animals are discussed below. LOAEL and NOAEL values for systemic effects are recorded in Table 3-1

and plotted in Figure 3-1.

Respiratory Effects.

Coal Tar Products. A single case report describes acute bronchoconstriction in an asthmatic patient
exposed to coal tar vapor while being treated with coal tar occlusive bandages for a skin condition
(Ibbotson et al. 1995). The authors conclude that the effect was probably due to inhalation of coal tar
vapor leading to a nonspecific irritant response. In an industrial health survey of employees in four wood
preservative plants in which coal tar creosote and coal tar were the main treatments used, respiratory
effects, including reduced lung function (forced vital capacity [FVC]), were noted in 17% (44 of 257) of
the employees examined. Most of these respiratory impairments (35/44) were considered to be mild
(reduction in FVC of 66-79%) (TOMA 1979). Reductions in FVC were evident in smoking and
nonsmoking workers in similar proportions. Obstructive deficits were observed in 8% of smoking and
5% of nonsmoking workers; these were also generally mild to moderate (reduction in forced expiratory
volume of 46-69%), but one smoker did show a severe deficit. Workers in nine coal tar plants had a 33%
(150 of 453) incidence of restrictive pulmonary deficits (reduced FVC) (TOMA 1981). The study authors
proposed that the elevated abnormal findings could be attributed to factors related to administration of the
test and not to a disease state. However, other pulmonary function tests were, according to the authors,
within the normal limits. A limitation of this study is that smoking status of the subjects was not reported
(TOMA 1981). Industrial hygiene surveys of coal tar pitch volatiles at the four wood preservative plants
indicated that airborne exposure to benzene-soluble components of the coal tar pitch volatiles was within
the OSHA permissible limit of 0.2 mg/m* in 94% of the samples (TOMA 1979). The other 6% of the
samples ranged from 0.21 to 3.6 mg/m* (TOMA 1979). Nevertheless, no clear relationship could be
established because exposure routes in addition to inhalation (e.g., dermal and oral) were likely. Also, the
ability to relate respiratory effects to coal tar creosote and coal tar exposure was further confounded by
the possibility that the subjects were also exposed to other chemicals and cigarette smoke (TOMA 1979,
1981). Additional limitations of the studies included geographical variation in plant locations, lack of

past employment history, voluntary participation in the study that could have biased it in favor of healthy
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workers, lack of statistical analyses, lack of adequate controls, use of only current employees, and testing
confined to a single season (winter). In an industrial health survey of five workers in an electrode
manufacturing plant, respiratory symptoms were observed, including pneumonoconiosis, respiratory
obstruction, impaired gas exchange, and lung fibrosis with interstitial tissue alveoli filled with black
pigment (Petsonk et al. 1988). These workers had been exposed to coke dust, pitch fumes, pitch dust, and
other dusts for >15 years, which could be associated with the respiratory symptoms. Increased chronic
obstructive lung disease was associated with 20-39 years of exposure to pot emissions in an aluminum
smelter (Ronneberg 1995b). Similar increases in respiratory diseases have been noted in other studies of

the aluminum industry (Gibbs 1985).

A study of proportionate mortality among the 11,144 members of the United Union of Roofers,
Waterproofers, and Allied Workers (Stern et al. 2000) found a significant excess in mortality due to
pneumoconioses and other nonmalignant respiratory diseases in these workers compared with U.S. age-,
gender-, and race-specific proportional mortality rates for the years of the study (1950-1996). These
workers were occupationally exposed to asphalt fumes and asbestos as well as coal tar pitch volatiles.
Cigarette smoking is a potential confounding factor that, due to the nature of the study, could not be

evaluated.

A site surveillance program was conducted by the Texas Department of Health beginning in 1990 at a
housing development in Texarkana, Texas, that had been built on part of an abandoned Koppers
Company, Inc., creosote wood treatment plant (Agency for Toxic Substances and Disease Registry 1994).
The plant had ceased creosoting activities in 1961, after operating for 51 years. A sand and gravel
company had operated on part of the abandoned site during the 1970s and 1980s. Because of soil and
groundwater contamination with PAHs and other chemicals, the EPA identified this site and placed it on
the National Priorities List (NPL) in 1984. Several residential lots were observed to have soil
concentrations of benzo[a]pyrene (B[a]P) in excess of 325 mg/kg, or oily-stained areas, and were subject
to emergency resodding by the EPA. Contaminated soils were scheduled to be treated for clean-up. A
total of 214 residents (123 males, 91 females) of the contaminated residential area (Koppers) were
interviewed twice during a period of 2 years, and were compared to 212 residents (122 males, 93 females)
from a nearby town. Since all of the residents from the Koppers area who were participating in the survey
were African American, the chosen regional comparison population was also African American. During
the second year of the surveillance, the responses of the Koppers area residents were compared with the
1990 National Health Interview Survey results. No data were presented in this study regarding the

relative importance of inhalation versus dermal exposure. The residents of the Koppers area showed a
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significantly higher risk of chronic bronchitis (RR=2.65, 95% CI=1.26-5.57) relative to the comparison
population during the first year of the study. During the second year of the study, 11 residents from the
Koppers area reported chronic bronchitis, whereas 7 were expected based on the 1990 National Health
Interview Survey rates. These study results are seriously limited by the study’s reliance on self reporting

of health conditions for which diagnosis verification was not always available.

Pfitzer et al. (1965) exposed rats by inhalation to near-saturated vapors generated from coal tar creosote
for 1 day. The rats exhibited dyspnea and slight nasal irritation. The actual exposure level was not
determined (Pfitzer et al. 1965). A significant increase in lung weight was reported for female Fischer
rats exposed to 660 mg/m’ of a coal tar aerosol for 6 hours/day on gestational days 1216, but not for
females exposed to 84 mg/m® (Springer et al. 1982). Lesions of the olfactory epithelium were reported
for Fischer rats and CD-1 mice exposed to 690 mg/m® of a coal tar aerosol for 6 hours/day, 5 days/week
for 13 weeks, but not for animals exposed to 140 mg/m’ (Springer et al. 1986b, 1987). Rats exposed to
concentrations of coal tar $30 mg/m’ for 5 or 13 weeks also showed histiocytosis of the lung tissue
(Springer et al. 1986b). No lesions of the olfactory epithelium were reported for rats exposed to up to
690 mg/m’ coal tar aerosol for 5 weeks (Springer et al. 1986b). Respiratory symptoms, consisting of
extensive chronic fibrosing pneumonitis with peribronchial adenomatosis, were observed in female
Bethesda rats and guinea pigs (sex not specified) exposed to coal tar or roofing asphalt vapors (exposure

level not specified) for 4 days/week for a total period of 2 years (Hueper and Payne 1960).

Cardiovascular Effects.

Coal Tar Products. In an industrial health survey of employees in a wood preservative plant in which
coal tar creosote, coal tar, and pentachlorophenol were the main treatments used, cardiovascular effects,
including increased diastolic blood pressure, were noted in 21% (24 of 113) of the employees examined
(TOMA 1979). Industrial hygiene surveys of coal tar pitch volatiles at this and three other wood
preservative plants indicated that airborne exposure to benzene-soluble components of the coal tar pitch
volatiles was within the OSHA permissible limit of 0.2 mg/m® in 94% of the samples (TOMA 1979). The
other 6% of the samples ranged from 0.21 to 3.6 mg/m’ (TOMA 1979). Nevertheless, no clear
relationship could be established because exposure routes in addition to inhalation (e.g., oral and dermal)
were likely. Also, the ability to relate cardiovascular effects to coal tar creosote and coal tar exposure was
further confounded by the possibility that the subjects were also exposed to other chemicals including
pentachlorophenol and cigarette smoke (TOMA 1979). Additional limitations of the study are noted

above (see "Respiratory Effects"). However, in another industrial study, an increase in mortality from
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atherosclerosis was associated with cumulative tar exposure and $40 years of exposure to pot emissions

in the aluminum industry (R6nneberg 1995b).

The susceptibility of the rat cardiovascular system to high-boiling coal liquid (heavy distillate, HD)
administered by inhalation (700 mg/m’, for 6 hours/day, 5 days/week for 6 consecutive weeks) was
studied in male Fischer 344 rats (Sasser et al. 1989). Ten days after treatment was stopped, the
cardiovascular assessments were made. The most striking observation was a 20% increase in arterial
blood pressure of HD-exposed rats over that of sham-exposed rats. Heart rate was also elevated in the
HD-treated animals. The nature of the causal relationship (i.e., direct or secondary) between HD and the
elevation of blood pressure and heart rate is not clear since physiological disturbances of other systems,
whose activity influence pressure and rate parameters (e.g., pulmonary and renal systems) might have
produced the observed changes in cardiovascular activity. No change in heart weight or the histology of
the heart or aorta was found for Fischer rats or CD-1 mice exposed to up to 690 mg/m’ of a coal tar

aerosol for 6 hours/day, 5 days/week for up to 13 weeks (Springer et al. 1986b, 1987).

Gastrointestinal Effects.

Coal Tar Products. No change in histology of the gastrointestinal tract was found in female Fischer rats
exposed to up to 690 mg/m’ of a coal tar aerosol for 6 hours/day, 5 days/week for 5 weeks or in male or
female CD-1 mice exposed to up to 690 mg/m’ of a coal tar aerosol for 6 hours/day, 5 days/week for

13 weeks (Springer et al. 1986b, 1987). Male rats exposed to exposed to 690 mg/m’ (but not 140 mg/m°)
coal tar aerosol for 6 hours/day, 5 days/week for 5 weeks and male and female rats exposed to 690 mg/m’

(but not 140 mg/m”) coal tar for 13 weeks showed epithelial hyperplasia and chronic inflammation of the

cecum (Springer et al. 1986b).

Hematological Effects.

Coal Tar Products. In an industrial health survey of employees in four wood preservative plants in
which coal tar creosote and coal tar were the main treatments used, hematological effects, including
increased number of white blood cells (basophils), were noted in 6% (15 of 257) of the employees
examined (TOMA 1979). Similarly, 8% of the employees in nine coal tar plants surveyed had increased
white blood cells (eosinophils). However, the changes in white blood cell numbers, as well as their
morphology, were apparently related to mild infections and allergies. According to the study authors,

these results do not indicate any adverse hematologic effects directly related to plant hazards (TOMA
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1981). Industrial hygiene surveys of coal tar pitch volatiles at the four wood preservative plants indicated
that airborne exposure to benzene-soluble components of the coal tar pitch volatiles was within the OSHA
permissible limit of 0.2 mg/m’ in 94% of the samples (TOMA 1979). The other 6% of the samples
ranged from 0.21 to 3.6 mg/m* (TOMA 1979). No determination of exposure was made at the nine coal
tar plants (TOMA 1981). Nevertheless, no clear relationship could be established because exposure
routes in addition to inhalation (e.g., oral and dermal) were likely. Also, the ability to relate
hematological effects to coal tar creosote and coal tar exposure was further confounded by the possibility
that the subjects were also exposed to other chemicals and cigarette smoke (TOMA 1981). Other

limitations of the studies are noted above (see "Respiratory Effects").

In two studies by Springer et al. (1986b, 1987) Fischer rats appeared to be more sensitive to the effects of
inhaled coal tar aerosol than CD-1 mice. Male rats exposed to 140 mg/m’, but not to 30 mg/m’, of a coal
tar aerosol for 6 hours/day, 5 days/week for 5 or 13 weeks had decreased red blood cell counts,
hemoglobin concentration, white blood cells, lymphocytes, eosinophils, monocytes, and increased
reticulocytes (Springer et al. 1986b). Female rats also had decreased red blood cell counts, hemoglobin
concentration, white blood cells, lymphocytes, eosinophils, monocytes, and increased reticulocytes when
exposed to 140 mg/m’ coal tar for 5 weeks or 690 mg/m’® for 13 weeks, but there was no significant
difference from controls for females exposed to 30 mg/m’ coal tar for 5 weeks or 140 mg/m’ coal tar for
13 weeks. Red blood cell counts, hemoglobin concentration, and the volume of packed red cells were
also significantly decreased in CD-1 mice exposed to 690 mg/m’ (but not 140 mg/m?) of a coal tar aerosol
for 6 hours/day, 5 days/week for 13 weeks, but other hematologic parameters such as erythrocyte,
leukocyte, and reticulocyte counts were unaffected by exposure (Springer et al. 1987). Kock et al. (1994)
reported death of 7 of 20 black rhinoceroses which had been held in creosote-treated holding pens. The
animals which died had widespread hemorrhages and anemia which may reflect the effects of hemolysis,

but doses and routes of exposure were not established in this study.

Hepatic Effects.

Coal Tar Products. No significant change in liver weight was reported for female CD rats exposed to up
to 660 mg/m’ of a coal tar aerosol for 6 hours/day on gestational days 12—16 (Springer et al. 1982). In
two other studies, Fischer rats appeared to be slightly more sensitive to the effects of inhaled coal tar
aerosol than CD-1 mice (Springer et al. 1986b, 1987). Relative liver weights were significantly increased
in male rats exposed to 690 mg/m’® (but not 140 mg/m*) and female rats exposed to $30 mg/m’ of a coal

tar aerosol for 6 hours/day, 5 days/week for 5 weeks and in male rats exposed to $30 mg/m?® and female
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rats exposed to $140 mg/m* (but not 30 mg/m?) coal tar aerosol for 13 weeks (Springer et al. 1986b).
Subtle changes in liver histology were also noted for males and females exposed to 690 mg/m’ compared
with controls. These included a slight increase in cytoplasmic basophilia, slightly more variability in
hepatocellular size, the presence of hepatomegalocytes, increased variability in nuclear size and minimal
loss of cording and lobular pattern. Minimal scattered focal necrosis was also observed in liver tissue of
some exposed animals, but not in controls. Similar changes in weight and histology were also noted in
mice exposed to 690 mg/m’ (females) or $140 mg/m’® (males) of a coal tar aerosol for 6 hours/day,

5 days/week for 13 weeks (Springer et al. 1987). No changes in weight or histology were observed for
female mice exposed to 140 mg/m’ or male mice exposed to 29 mg/m’ for 13 weeks (Springer et al.
1987). Kock et al. (1994) reported death of 7 of 20 black rhinoceroses that had been held in creosote-
treated holding pens. The animals that died had uniformly swollen intensely green livers, containing
excessive intrahepatic bilirubin. Serum levels of aspartate transaminase (AST) and bilirubin were also

elevated. However, doses and routes of exposure were not established in this study.

Renal Effects.

Coal Tar Products. Elevated red and white cell counts in urine were noted in 6—8% (29-34 of 452) of
the employees examined in an industrial health survey in nine coal tar plants in which coal tar creosote
and coal tar were the main treatments used (TOMA 1981). Some of these cell count elevations were
attributed to urinary tract infections resulting from inadequate personal hygiene, and not to industrial
exposure to toxic chemicals. However, some of the workers with elevated red and white cell counts in
urine had cellular and granular casts and traces of protein, suggesting abnormal renal function. These
individuals were referred to their physicians for diagnosis. No determination of exposure was made at the
nine coal tar plants (TOMA 1981). Moreover, no clear relationship could be established because
exposure routes in addition to inhalation (e.g., oral and dermal) were likely. Also, the ability to relate
renal effects to coal tar creosote and coal tar exposure was further confounded by the possibility that the
subjects were also exposed to other chemicals and cigarette smoke. Additional limitations of the study
included seasonal and geographical variation in plant locations, past employment history, voluntary
participation in the study that could have biased it in favor of healthy workers, lack of statistical analyses,

lack of adequate controls, and use of only current employees.

No change in kidney weight was reported for female CD rats exposed to up to 660 mg/m’ of a coal tar
aerosol for 6 hours/day on gestational days 12—16 (Springer et al. 1982). In another two studies, Fischer

rats appeared to be more sensitive to the renal effects of inhaled coal tar aerosol than CD-1 mice (Springer
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et al. 1986b, 1987). Relative kidney weights were increased in female rats exposed to $140 mg/m’ (but
not 30 mg/m’) and in male rats exposed to $30 mg/m’ of a coal tar aerosol for 6 hours/day, 5 days/week
for 5 weeks and in male rats and female rats exposed to $140 mg/m® (but not 30 mg/m?) for 13 weeks
(Springer et al. 1986b). Male rats exposed to 690 mg/m’® (but not 140 mg/m?) for 5 weeks or 140 mg/m’
(but not 30 mg/m?) for 13 weeks and female rats exposed to 690 mg/m’ (but not 140 mg/m?) for 13 weeks
also showed pelvic epithelial hyperplasia and pigmentation of the cortical tubules (Springer et al. 1986b).
Relative kidney weights were also increased in mice exposed to 690 mg/m’® (but not 140 mg/m*) of a coal
tar aerosol for 6 hours/day, 5 days/week for 13 weeks, but the difference between exposed and control

animals was not significant and no histological changes were reported (Springer et al. 1987).

Endocrine Effects.

Coal Tar Products. No adverse effect on the adrenal glands was reported for female CD rats exposed to
up to 660 mg/m’ of a coal tar aerosol for 6 hours/day on gestational days 12—16 or on the adrenal,
pancreas, parathyroid, pituitary, or thyroid glands in Fischer rats exposed to up to 690 mg/m’ for 5 or

13 weeks or in CD-1 mice exposed to up to 690 mg/m’ for 13 weeks (Springer et al. 1982, 1986b, 1987).

Dermal Effects.

Coal Tar Products. In an industrial health survey of 251 employees in four wood preservative plants in
which coal tar creosote and coal tar were the main treatments used, 82 instances of dermal effects,
including skin irritation, eczema, folliculitis, and benign growths on the skin were noted (TOMA 1979).
The incidence of benign growths, eczema, and folliculitis was greater than that observed in the general
U.S. population, but the study authors concluded that only the incidence of folliculitis cases met the
criterion of a significant skin condition such “that the examiner believes should be seen at least once by a
physician for assessment or care”. In another industrial health survey (TOMA 1981), workers in nine
coal tar plants had a 2% incidence of benign skin growth and a 21% incidence of some other skin
condition such as keratosis, eczema, folliculitis, and chloracne, but the study authors concluded that the
incidence of skin conditions was less than that seen in the general population. Industrial hygiene surveys
of coal tar pitch volatiles at the four wood preservative plants indicated that airborne exposure to
benzene-soluble components of the coal tar pitch volatiles was within the OSHA permissible limit of

0.2 mg/m® in 94% of the samples (TOMA 1979). The other 6% of the samples ranged from 0.21 to

3.6 mg/m’ (TOMA 1979). No determination of exposure was made at the nine coal tar plants (TOMA

1981). Moreover, no clear relationship could be established because exposure routes in addition to
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inhalation were likely (e.g., dermal contact with coal tar creosote and coal tar vapors and oral exposure).
Also, the ability to relate dermal effects to coal tar creosote and coal tar exposure was further confounded
by the possibility that the subjects were also exposed to other chemicals (TOMA 1979, 1981). Additional
limitations of the studies are noted above (see "Respiratory Effects"). In other industrial studies, dermal
effects were also noted (Bolt and Golka 1993; NIOSH 1982). Four workers in an aluminum reduction
plant, who had been exposed to coal tar pitch volatiles for a period of 3.5-23 years showed tar-related
skin changes, including hyperkeratosis and telangiectasis (Bolt and Golka 1993). Skin lesions that were
possibly pitch-related were observed in four workers involved in the transfer and transport of coal tar
pitch, who had been exposed to coal tar pitch and asphalt for 2—8 years (NIOSH 1982). Warts and other
lesions on the hands and face were described. Workers transferring coal tar pitch from a river barge to an
ocean barge, or from a railroad car to an ocean barge were observed for 2 days to evaluate exposure
conditions and health complaints after exposure to coal tar pitch volatiles (NIOSH 1982). Skin irritation,
described as redness like a sunburn, lasting 2—-3 days, with drying and peeling, and photosensitivity, was
described by the workers. Personal air samples from the workers indicated respirable coal tar pitch

vapors in concentrations up to 0.18 mg/m’.

Dermal effects were noted in a site surveillance program conducted by the Texas Department of Health
beginning in 1990 at a housing development in Texarkana, Texas, that had been built on part of an
abandoned Koppers Company, Inc., creosote wood treatment plant (Agency for Toxic Substances and
Disease Registry 1994). Because of soil and groundwater contamination with PAHs and other chemicals,
the EPA identified this site and placed it on the NPL in 1984. A total of 214 residents of the
contaminated residential area (Koppers) were interviewed twice during a period of 2 years, and were
compared to 212 residents from a nearby town. Since all of the residents from the Koppers area who
were participating in the survey were African American, the chosen regional comparison population was
also African American. No data were presented in this study regarding the relative importance of
inhalation versus dermal exposure. Residents living on or near the Koppers area reported a higher
prevalence of skin rashes (27.9%) during the first year of the surveillance than the comparison
neighborhood (4.9%), with a RR of 5.72 (P<0.05; 95% CI=3.01-10.87). During the second year of the
surveillance, the responses of the Koppers area residents were compared with the 1990 National Health
Interview Survey results, and similar results were obtained, with 34 Koppers residents reporting skin
rashes, compared to an expected incidence of 4. Rashes were associated with digging in the yard, having
contact with the soil, or wading in or having contact with a creek in the area. Most rashes were associated
with itching or burning. The recommendation of the Texas Department of Health was that residents in the

Koppers area should wear protective clothing when having contact with the soil, and should wash their
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skin thoroughly when contact with the soil occurs. Other dermal effects of coal tar creosote, coal tar, or

coal tar pitch exposure are mentioned in Sections 3.2.3 and 3.4.1.3.

Ocular Effects.

Coal Tar Products. Workers transferring coal tar pitch from a river barge to an ocean barge, or from a
railroad car to an ocean barge, were observed for 2 days to evaluate exposure conditions and health
complaints after exposure to coal tar pitch volatiles (NIOSH 1982). Eye irritation, including burning,
redness, swelling, and watering of the eyes lasting about 2 days was described, occasionally associated
with photophobia. Personal air samples from the workers indicated respirable coal tar pitch vapors in
concentrations up to 0.18 mg/m’. However, all of the workers were wearing protective equipment,
including respirators and therefore, the measurements taken do not represent actual exposures.
Conjunctivitis was observed in roofers exposed to coal tar pitch volatiles at levels $0.18 mg/m’, but no

cases of conjunctivitis were observed in workers exposed to levels #0.11 mg/m* (Emmett 1986).

Pfitzer et al. (1965) exposed rats by inhalation to near-saturated vapors generated from coal tar creosote

for 1 day. The rats exhibited slight eye irritation. The actual exposure level was not determined.

Body Weight Effects.

Coal Tar Products. Body weight changes were monitored in monkeys, rats, and rabbits after inhalation
exposure to 10 mg/m® coal tar aerosol (MacEwen et al. 1977). No other systemic effects were reported in
this article. No change in body weight was observed in male or female Macaca mulatta monkeys after
exposure for 6 hours/day, 5 days/week for 18 months, but when male and female Sprague-Dawley rats
were exposed to the same concentration of coal tar aerosol for the same period of time, a 14-15%
decrease in body weight was observed. Female New Zealand white rabbits exhibited a 31% decrease in

body weight after exposure to 10 mg/m’ for 6 hours/day, 5 days/week for 9 months.

Male Fischer 344 rats were exposed to high-boiling coal liquid (heavy distillate, HD) administered by
inhalation (700 mg/m®) for 6 hours/day, 5 days/week for 6 consecutive weeks (Sasser et al. 1989). During
the study, the growth of the HD-exposed animals was suppressed significantly relative to the control
group. Subsequently, growth was resumed after the treatment was stopped, although HD-treated rats
weighed 17.5% less than control rats at necropsy. A significant decrease in body weight was reported for

female Sprague-Dawley rats exposed to 660 mg/m® of a coal tar aerosol for 6 hours/day on gestational
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days 1216, but not for female Sprague-Dawley rats exposed to 84 mg/m’ (Springer et al. 1982). In two
other studies, Fischer rats appeared to be more sensitive to the effects of inhaled coal tar aerosol than
CD-1 mice (Springer et al. 1986b, 1987). Body weights were significantly decreased in rats exposed to
$140 mg/m’ (but not 30 mg/m’) of a coal tar aerosol for 6 hours/day, 5 days/week for 5 or 13 weeks, but

not in mice exposed to up to 690 mg/m’ coal tar aerosol for 13 weeks (Springer et al. 1986b, 1987).

3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological and lymphoreticular effects in humans or animals

following inhalation exposure to wood creosote or the creosote bush.

Coal Tar Products. No studies were located regarding immunological and lymphoreticular effects in
humans or animals following inhalation exposure to coal tar creosote, coal tar pitch, or coal tar pitch
volatiles. A significant increase in spleen weight and a significant decrease in thymus weight was
reported for female rats exposed to 660 mg/m® (but not 84 mg/m?) of a coal tar aerosol for 6 hours/day on
gestational days 12—16 (Springer et al. 1982). In two other already cited studies by Springer et al.
(1986Db, 1987), Fischer rats appeared more sensitive to the effects of inhaled coal tar aerosol than CD-1
mice. Relative thymus weights were significantly decreased in female rats exposed to 690 mg/m® coal tar
aerosol 6 hours/day for 5 weeks and both males and females exposed to $140 mg/m* for 13 weeks
(Springer et al. 1986b). Males exposed to up to 690 mg/m’ and females exposed to 30 mg/m’ for

5 weeks, and both sexes exposed to 30 mg/m’® for 13 weeks, showed no change in thymus weight. The
thymus was atrophied in male rats exposed to 690 mg/m’ (but not 140 mg/m®) coal tar aerosol for

6 hours/day for 5 weeks and in both male and female rats exposed for 13 weeks (Springer et al. 1986b).
Examination of bone marrow smears showed that rats exposed to 690 mg/m’ coal tar aerosol for 13 weeks
had hypocellular marrows with a marked decrease in the number of megakaryocytes (Springer et al.
1986b). The number of megakaryocytes in the spleens of animals exposed to 690 mg/m’ coal tar aerosol
for 5 or 13 weeks was also decreased relative to controls. Both absolute and relative thymus weights
were also significantly decreased in male mice exposed to 690 mg/m’® (but not to 140 mg/m’) or in female
mice exposed to $140 mg/m’ (but not to 29 mg/m?) of a coal tar aerosol for 6 hours/day, 5 days/week for

13 weeks, but no histological changes were observed (Springer et al. 1987).
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3.2.1.4 Neurological Effects

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

exposure to wood creosote or the creosote bush.

Coal Tar Products. No studies were located regarding neurological effects in humans or animals
following inhalation exposure to coal tar creosote, coal tar pitch, or coal tar pitch volatiles. Inhalation of
up to 690 mg/m’ coal tar aerosol by CD-1 mice for 13 weeks had no effect on brain weight or histology
(Springer et al. 1987). Inhalation of 690 mg/m’ coal tar aerosol by male Fischer rats for 5 weeks and
inhalation of $140 mg/m’ by male and female rats for 13 weeks produced a significant increase in relative
brain weights, but no change in absolute brain weight or histological abnormalities (Springer et al.
1986b). The rats had a significant reduction in body weight compared to controls, so it seems likely that
the change in relative brain weight reflects the body weight loss rather than an adverse neurological effect
that affected the absolute brain weight. There was no change in relative brain weight for male rats
exposed to up to 140 mg/m’ or for female rats exposed to up to 690 mg/m’ for 5 weeks or for male and

female rats exposed to 30 mg/m’ for 13 weeks.

3.2.1.5 Reproductive Effects

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

creosote or the creosote bush.

Coal Tar Products. No studies were located regarding reproductive effects in humans or animals
following inhalation exposure to coal tar pitch. No adverse effects on sperm characteristics, including
sperm count and morphology, were noted in workers exposed to coal tar pitch volatiles in an aluminum
reduction plant (Ward 1988). No adverse reproductive effects were reported for residents at a housing
development in Texarkana, Texas, that had been built on part of an abandoned Koppers Company, Inc.
creosote wood treatment plant and was studied as a site surveillance program by the Texas Department of
Health (Agency for Toxic Substances and Disease Registry 1994). There was no difference in the overall
reproductive outcome of female residents of the Koppers area compared to the comparison neighborhood
or the 1990 National Health Interview Survey. In particular, there was no effect on the number of
pregnancies, live births, premature births, spontaneous abortions, or still births. Koppers women who
reported having problems becoming pregnant during the first year of surveillance had an average of

1.3 pregnancies compared to an average of 3.4 pregnancies for women in the comparison neighborhood
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who also reported difficulty in becoming pregnant, but no difference in pregnancy outcome was noted
during the second year of surveillance (Agency for Toxic Substances and Disease Registry 1994). It is
likely that reports of difficulty in becoming pregnant were confounded by perception of risk and possibly
also by the age of the mother as the difference was not significant when the results for the entire group
were adjusted for concerns about chemical exposure, or when women over the age of 39 were excluded

from the analysis.

A significant increase in the incidence of mid- and late-gestational resorptions was reported for female
rats exposed to 660 mg/m’ (but not to 84 mg/m?) of a coal tar aerosol for 6 hours/day on gestational days
12-16 (Springer et al. 1982). Animals exposed to 660 mg/m’ coal tar showed some signs of maternal
toxicity. The thymus weight was significantly reduced and the weights of the lungs and spleen were
significantly increased, but maternal body weights (without the products of conception) were not
significantly reduced compared to controls and the weights of the liver, kidney, and adrenal glands were
similar to controls. No change in the relative weights of ovary or testis were recorded for Fischer rats
exposed to up to 690 mg/m’ of a coal tar aerosol for 6 hours/day, 5 days/week for 5 weeks (Springer et al.
1986b). Relative ovary weights were significantly decreased in Fischer rats and CD-1 mice exposed to
690 mg/m* (but not to 140 mg/m?) of a coal tar aerosol for 6 hours/day, 5 days/week for 13 weeks
(Springer et al. 1986b, 1987). Testis weight in rats exposed to $140 mg/m’ (but not to 30 mg/m’) coal tar
for 13 weeks was significantly increased relative to controls, while testis weight in male mice exposed to
690 mg/m’® (but not to 140 mg/m’) coal tar was decreased relative to controls, but the difference was not
significant. Examination of ovarian sections showed a significant decrease in the amount of luteal tissue

in animals exposed to 690 mg/m’ (but not to 140 mg/m*) coal tar for 5 or 13 weeks.

3.2.1.6 Developmental Effects

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

exposure to wood creosote or the creosote bush.

Coal Tar Products. No studies were located regarding developmental effects in humans or animals
following inhalation exposure to coal tar pitch or coal tar pitch volatiles. As cited above, a site
surveillance program conducted by the Texas Department of Health beginning in 1990 at a housing
development in Texarkana, Texas, that had been built on part of an abandoned Koppers Company, Inc.,

creosote wood treatment plant on soil contaminated with creosote revealed no adverse developmental
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effects on the residents (Agency for Toxic Substances and Disease Registry 1994). Specifically, there

was no difference in the number of low birth weight births or in birth defects.

In a study by Springer et al. (1982) mated female rats were exposed to 0, 17, 84, or 660 mg/m’ of a coal
tar aerosol for 6 hours/day on gestational days 12—16. There was a significant increase in the incidence of
mid- and late-gestational resorptions in the 660 mg/m® group compared with controls. Crown-rump
length, fetal weight, fetal lung weight, and placental weights were significantly reduced, and there was a
significantly increased incidence of reduced ossification in the 660 mg/m’ group and a significant trend
for reduced ossification with increased coal tar concentration. Cleft palates were also observed in this
group, but the increased incidence was not significant. No significant changes in the number of
resorptions, size of fetuses, or incidence of abnormalities were observed for animals exposed to less than
660 mg/m’. Animals exposed to 660 mg/m® coal tar showed some signs of maternal toxicity. The thymus
weight was significantly reduced and the weights of the lungs and spleen were significantly increased, but
maternal body weights (without the products of conception) were not significantly reduced compared to

controls and the weights of the liver, kidney, and adrenal glands were similar to controls.

3.2.1.7 Cancer

No studies were located regarding cancer in humans or animals following inhalation exposure to wood

creosote or the creosote bush.

Coal Tar Products. A number of studies have provided evidence of an association between occupational
exposure to coal tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles and increased incidence of
cancer-related mortalities and cancer in humans (Armstrong et al. 1994; Bertrand et al. 1987; Bolt and
Golka 1993; Costantino et al. 1995; Gibbs and Horowitz 1979; Karlehagen et al. 1992; Kerr et al. 2000;
Lloyd 1971; Lloyd et al. 1970; Martin et al. 2000; Mazumdar et al. 1975; Park and Mirer 1996; Persson et
al. 1989; Redmond 1976; Redmond et al. 1972, 1976; Rockette and Arena 1983; Ronneberg and
Andersen 1995; Sakabe et al. 1975; Spinelli et al. 1991; Stern et al. 2000; TOMA 1982; Tremblay et al.
1995), although other industrial chemicals were present. Other studies have not shown a statistically
significant association between occupational exposure to coal tar products and increased incidence of
specific types of cancer (CEOH 1997; Kromhout et al. 1992; Kunze et al. 1992; Romundstad et al. 2000;
Schildt et al. 1999; Siemiatycki et al. 1994; Swaen and Slangen 1997). Interpretation of the data of many
of the studies mentioned above is limited by a variety of factors including small study populations,

concurrent cigarette smoking, and poor exposure data.
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Industrial populations that have been studied include coke oven workers, aluminum smelter workers,
steelworkers, and people exposed to creosote through other activities (Armstrong et al. 1994; Bertrand et
al. 1987; Bolt and Golka 1993; CEOH 1997; Costantino et al. 1995; Gibbs and Horowitz 1979;
Kromhout et al. 1992; Kunze et al. 1992; Lloyd 1971; Lloyd et al. 1970; Mazumdar et al. 1975; Park and
Mirer 1996; Persson et al. 1989; Redmond 1976; Redmond et al. 1972, 1976; Rockette and Arena 1983;
Romundstad et al. 2000; Ronneberg and Andersen 1995; Sakabe et al. 1975; Siemiatycki et al. 1994;
Spinelli et al. 1991; Stern et al. 2000; Swaen and Slangen 1997; TOMA 1982; Tremblay et al. 1995).
Following occupational inhalation exposure to coal tar creosote, coal tar, coal tar pitch, and coal tar pitch
volatiles, cancer was observed involving a number of tissues including the respiratory tract, lips and skin,
lung, pancreas, kidney, scrotum, prostate, rectum, bladder, and central nervous system; leukemia and
lymphoma were also diagnosed (Armstrong et al. 1994; Bertrand et al. 1987; Bolt and Golka 1993;
Costantino et al. 1995; Gibbs 1985; Gibbs and Horowitz 1979; Karlehagen et al. 1992; Liu et al. 1997;
Lloyd 1971; Mazumdar et al. 1975; Park and Mirer 1996; Persson et al. 1989; Redmond 1976; Redmond
et al. 1972, 1976; Rockette and Arena 1983; Ronneberg and Andersen 1995; Sakabe et al. 1975; Stern et
al. 2000; TOMA 1982; Tremblay et al. 1995). Exposure levels in these studies were not consistently
quantified. In addition, there were confounding factors. In all cases of occupational exposure, the
workers were not exposed to coal tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles as single
agents, but in combination with other chemicals. For instance, some employees exposed themselves to
additional carcinogens via cigarette smoking (TOMA 1982). In other studies, exposure to coal tar
creosote, coal tar, coal tar pitch, or coal tar pitch volatiles was generally combined with other substances.
Some studies had significant limitations. For example, TOMA (1982) is a retrospective study and no
attempt was made to estimate occupational exposure levels from any source. Additional limitations of the
study are the absence of data on smoking habits, short cut-off date of 10 days of employment, use of U.S.

male mortality rates for comparison as opposed to regional mortality rates, and mixed chemical exposure.

Spinelli et al. (1991) evaluated the mortality and cancer incidence over a 30-year period among a cohort
of workers exposed to coal tar pitch volatiles emitted during production of aluminum. Aluminum is
produced by one of two electrolytic processes wherein petroleum and coal tar pitch are baked in pots.
These processes result in a continuous generation of coal tar pitch volatiles, which include PAHs. For
analysis of these data, the assignment of exposure level was based on data on coal tar pitch volatiles from
recent plant monitoring, as well as knowledge of historical operational and engineering changes. Based
on the time-weighted average (TWA) for coal tar pitch volatiles of 0.2 mg/m’ benzene soluble material

(BSM), 4 coding systems were adopted:

(1) no exposure to coal tar pitch volatiles (0 mg/m* BSM),
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(2) low exposure to coal tar pitch volatiles (<0.2 mg/m* BSM),
(3) medium exposure to coal tar pitch volatiles (0.2—1.0 mg/m* BSM), and

(4) high exposure to coal tar pitch volatiles (>1.0 mg/m* BSM).

According to Spinelli et al. (1991), jobs with the highest exposure to coal tar pitch volatiles primarily
occurred before 1970 and included jobs located within the potrooms. The primary findings of this study
were a significantly elevated incidence of bladder cancer in the cohort and the significant trend toward
higher risk with greater lifetime exposure to coal tar pitch volatiles. Also observed was a nonstatistically
significant association between lung cancer and coal tar pitch volatiles. Adjusting for smoking did not
change the observed association. The authors state that the apparent discrepancy between the results of
this study (Spinelli et al. 1991) and those performed previously that found a strong association between
lung cancer and exposure to coal tar pitch volatiles (Anderson et al. 1982; Gibbs 1985; Gibbs and
Horowitz 1979) might relate to the latency period and the levels of coal tar pitch volatiles, both of which

were lower in the Spinelli et al. (1991) study relative to the previous studies.

Costantino et al. (1995) carried out an epidemiological study of 5,321 coke oven workers and 10,497 non-
oven workers matched for place of work and socioeconomic status. The average daily exposure to coal
tar pitch volatiles was determined in previously published studies as 3.15 mg/m® for topside full time jobs,
1.99 mg/m’ for topside part time jobs and 0.88 mg/m’ for side jobs. Mortality was assessed by race for

33 categories of cause of death. All RRs were adjusted for age, race, coke plant, and period of follow up
as appropriate. Statistically significant excess mortality occurred in coke workers for several categories
of death. The RR for all causes of death was 1.08 (P<0.01; 95% CI=1.02—-1.14). The increase in overall
mortality was primarily due to increased deaths from the following cancers: all cancers (RR=1.34;
P<0.001; 95% CI=1.19-1.50), cancer of the lungs, bronchus, and trachea (RR=1.95; P<0.001; 95%
CI=1.59-2.33), and prostate cancer (RR=1.57; P<0.05; 95% CI=1.09-2.30). These findings were
consistent across racial categories, but excess risk was higher among nonwhite than white workers. There
were highly significant trends (P<0.001) for increased cancer risk with increasing duration of
employment and increasing exposure. The study did not control for smoking. However, the similar
socioeconomic status of the controls and exposed workers suggests that it is unlikely that there was a

substantial difference in smoking habits between the two groups.

Elevated risk of death from cancer and from lung cancer was reported in a retrospective cohort study of
6,635 male workers employed for more than 15 years during the period 1970—1985 in seven factories in

China (Liu et al. 1997). The main chemical exposure was to coal tar pitch volatiles. Significantly
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elevated SMRs were observed in highly exposed workers for all causes of death (SMR 1.69, P<0.01), all
cancers (SMR 2.53, P<0.01), digestive cancer (SMR 1.97, P<0.01), esophageal cancer (SMR 3.97,
P<0.05), liver cancer (SMR 2.25, P<(.01), and lung cancer (SMR 4.3, P<0.01). The SMRs for highly
exposed nonsmokers were also elevated for all cancers (SMR 2.1, P<0.01) and lung cancer (SMR 3.0,
P<0.01), and there was a significant correlation between deaths from lung cancer and exposure to coal tar

pitch volatiles.

A cohort study (Karlehagen et al. 1992) that examined cancer incidence among 922 workers exposed to
coal tar creosote while impregnating wood (railroad cross ties and telegraph poles) at seven plants in
Sweden and six plants in Norway during the period of 1950-1975 reported a significant increase in
incidence of nonmelanoma skin cancer (observed=9, standardized incidence ratio (SIR)=2.37, 95%
CI=1.08-4.50, P=0.02) for the entire study population and a significant increase in cancer of the lip
(observed=5, expected=1.34, 95% CI=1.21-8.7, P=0.01) among individuals exposed over 20 years earlier
compared with the national male population. Workers were exposed to creosote vapors when removing
wood from the autoclave in which it was pressure-treated, but were also likely to receive dermal exposure
while handling the wood. The conclusions that can be drawn from this study are limited by the lack of
information about the smoking status or exposure to sunlight of the subjects and the absence of

measurements of exposure to creosote.

A study of proportionate mortality among the 11,144 members of the United Union of Roofers,
Waterproofers, and Allied Workers (Stern et al. 2000) found a significant excess in mortality due to
cancers of the lung, bladder, esophagus, larynx, and to pneumoconioses and other nonmalignant
respiratory diseases in these workers compared with U.S. age-, gender-, and race-specific proportional
mortality rates for the years of the study (1950-1996). These workers were occupationally exposed to
asphalt fumes and asbestos as well as coal tar pitch volatiles, and cigarette smoking must also be
considered as a likely confounding factor. Exposure to coal tar pitch volatiles is higher for waterproofers
than for roofers, and a comparison of proportional mortality of nine local unions with a large number of
waterproofers found that the risk of death due to cancer, lung cancer, esophageal cancer, and pharyngeal
cancer were higher in these workers (2,804 deaths) than in the workers (8,334 deaths) who did not do

much of waterproofing, but these differences were not analyzed for statistical significance.

A significant association between exposure to coal tar creosotes and lung cancer was reported in a
case-control study of a cohort of 1,535 male workers who were active in the French national electricity

and gas company (EDF-GDF) between 1978 and 1989 (Martin et al. 2000). Controls (four per case) were
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matched to the 310 cases by year of birth. Occupational exposure was estimated using a job exposure
matrix, and in the absence of individual data on tobacco consumption, the socioeconomic status of the
subjects was used to control for this factor. Since a positive association between exposure to asbestos and
lung cancer had been previously established for this study population, an adjustment for asbestos
exposure was also included in the analysis. The unadjusted odds ratios (ORs) for workers exposed to coal
tar and coal tar creosotes were significantly increased. After adjusting for socioeconomic status and
asbestos exposure, the odds ratio for coal tar creosotes was still significant (OR=1.56, 95%
CI=1.08-2.27), but the odds ratio for coal tar was not significant. A similar pattern was seen when the
data were analyzed by level of exposure. Coal tar showed a significant association with increased lung
cancer risk at high exposures, but the odds ratio was no longer significant when the data were adjusted for
socioeconomic status and asbestos exposure. High exposure to coal tar creosotes was significantly
associated with increased odds ratios for lung cancer, both with and without adjustment for
socioeconomic status and asbestos exposure, and there was also a significant exposure-response

relationship between coal tar creosotes and lung cancer.

A case-control study conducted with 183 neuroblastoma cases, aged 0—14 years diagnosed among
residents of New York state (excluding New York City) between 1976 and 1987, found a significant
increase in risk of neuroblastoma associated with self-reported paternal exposure to creosote (21 cases,

20 controls, OR=2.1, 95% CI=1.1-4.3), coal soot (6 cases, 2 controls, OR=5.9, 95% CI=1.0-60.4), or
coal tar (10 cases, 7 controls, OR=2.8, 95% CI=1.0-8.4), or maternal exposure (both certain and potential
exposure combined) to coal soot (OR=10.4, 95% CI=1.2-495.3) or coal tar (OR=4.1, 95% CI=1.2-15.5)
(Kerr et al. 2000). Cases were histologically confirmed and were compared with 372 controls matched by
year of birth. Due to the small number of nonwhite cases, both cases and controls were limited to cases
born to white mothers. Individuals with amended or sealed (adopted) birth certificates were also excluded
from the study. Some specific exposure information was collected (via telephone interviews) for
creosote, but in general, exposure was based on job description. Possible sources of uncertainty in this
study include poor exposure information, the possibility of interviewer bias (interviewers were not
blinded to the disease status of the child), and the possibility of the reported increases in risk being chance

findings due to the large number of comparisons made.

In a study of the effects of coal tar pitch exposure on the respiratory system, Wistar rats received
10 weekly intratracheal instillations of 0.648, 13.56, and 20.0 mg of coal tar pitch (equivalent to 5.18,
109.2, and 160.0 mg/kg) or 2 mg charcoal powder (control group) and were sacrificed and examined at 1,

3,6, 12, and 18 months after treatment (Chang et al. 1992). The treatment produced inflammation,
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hyperplastic, and metaplastic changes. All rats with lung cancer were found in the two highest treatment
groups. The pathogenesis of coal tar pitch-induced lung carcinomas seems to start from hyperplasia of
bronchiole-alveolar epithelium, progressing through squamous metaplasia and/or different stages of
dysplasia to carcinomas (Chang et al. 1992). According to Chang et al. (1992), the effects produced with
coal tar pitch were consistent with the effects reported after similar treatment with PAHs and tobacco
smoke condensate. Although the findings presented by Chang et al. (1992) suggest a correlation between
coal tar pitch and lung cancer, the relevance of this relationship to potential human exposures by

inhalation is questionable given the animal dosing technique.

In a study by Heinrich et al. (1994a, 1994b), groups of female Wistar rats were exposed to 0, 1.1, or
2.6 mg/m’ coal tar pitch aerosol for 17 hours/day, 5 days/week for 10 months. This exposure was
followed by 20 months of clean air exposure. The lung tumor rates of animals exposed to 1.1 and

2.6 mg/m’ coal tar pitch aerosol for 10 months were 4.2 and 38.9%, respectively. Most of the tumors
were benign and malignant keratinizing squamous cell tumors. Some broncho-alveolar adenomas and
adenocarcinomas were also found. No exposure-related tumors were found in other organs. No lung
tumors were found in the control animals. Similar results (i.e., increased incidence of benign lung
tumors) were also observed in Wistar rats exposed to 1.1 and 2.6 mg/m’ (increased incidence of tumors
33.3 and 97.2%, respectively) coal tar pitch aerosol for 17 hours/day, 5 days/week for 20 months,
followed by clean air exposure for 10 months (Heinrich et al. 1994a, 1994b).

In a study by MacEwen et al. (1977), groups of 40 male and 40 female Sprague-Dawley rats were
exposed to 10 mg/m’ coal tar aerosol 6 hours/day, 5 days/week for 18 months. Control animals were held
in a vivarium. After exposures, the animals were returned to the vivarium and held for an additional

6 months of observation prior to necropsy. The tumors found in rats exposed to coal tar aerosol showed
31 of 38 females and all males (38 of 38) with squamous cell carcinoma (lung) and 3 of 38 females with
mammary fibroadenoma. Overall tumor incidences for controls were 0% for males and 13% for females.

Overall tumor incidences for exposed animals were 100% for males and 82% for females.

MacEwen et al. (1977) indicated that tumor-susceptible ICR CF-1 female mice and tumor-resistant
CAF1-JAX female mice exposed to coal tar aerosol-BTX mixture continuously for 90 days at
concentrations of 0, 0.2, 2, and 10 mg/m’ developed skin tumors at 2 and 10 mg/m’, respectively. In the
ICR CF-1 strain mice, tumors continued to develop for as long as 86 weeks postexposure. Skin tumor
incidences in ICR CF-1 mice exposed to 0, 0.2, 2, and 10 mg/m* coal tar aerosol-BTX mixture for

90 days were 3 of 225 (1%), 1 of 61 (2%), 14 of 75 (19%), and 44 of 55 (80%), respectively. Skin tumor
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incidences in CAF1-JAX mice exposed to 0, 0.2, 2, and 10 mg/m’ coal tar aerosol-BTX mixture for

90 days were 0 of 225 (0%), 0 of 75 (0%), 3 of 65 (5%), and 18 of 43 (42%), respectively. Tumors were
confirmed by histological examination. Tumor-susceptible ICR CF-1 female mice and tumor-resistant
CAF1-JAX female mice were exposed to 0 or 10 mg/m’ coal tar aerosol-BTX mixture intermittently for
18 months (MacEwen et al. 1977). For animals exposed intermittently, skin tumor incidences were 5 of
75 in ICR CF-1 mice and 3 of 75 in controls, and 2 of 50 in CAF1-JAX mice as compared to 1 of 50 in
controls. Calculation of total exposure indicated the amount of coal tar reaching the skin of the animals
was the same as in the 90-day continuous exposure study. However, the intermittent exposure allowed
daily normal cleaning of the fur. The incidence of tumors was less in the animals subjected to
intermittent exposure. Tumors found in control and exposed mice of both strains included alveolargenic
carcinoma, alveolargenic adenoma, bronchogenic carcinoma, squamous cell carcinoma, lymphosarcoma,
reticulum cell sarcoma, hemangiosarcoma, hemopoietic tumors, and subcutaneous sarcoma. The effects

of the carrier solvents (BTX) used in this study were not evaluated.

Levels of exposure associated with CELs of creosote are indicated in Table 3-1 and plotted in Figure 3-1.

3.2.2 Oral Exposure

This section describes the health effects observed in humans and laboratory animals associated with oral
exposure to coal tar and beechwood creosote at varying times and exposure levels. The LSEs by the oral
route presented in Tables 3-2 and 3-3 and Figures 3-2 and 3-3 include studies using beechwood creosote,

petroleum creosote, coal tar, and coal tar creosote. All reliable exposure levels have been reported.

Although beechwood creosote, creosote bush resin, and coal tar creosote have some components in
common, such as phenols, it is not known whether these mixtures will induce the same effects.
Furthermore, coal tar creosote contains a complex mixture of animal and human carcinogenic and
co-carcinogenic PAHs that probably accounts for the cancer risk associated with chronic exposure to coal

tar creosote while wood creosote does not.
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3.2.2.1 Death

Wood Creosote. The acute toxicity of beechwood creosote in both rats and mice was studied following
single gavage administration of a 10% aqueous solution (Miyazato et al. 1981). The oral LD, values of
beechwood creosote in Wistar rats were 885 mg/kg for males and 870 mg/kg for females. The highest
dose at which no death occurred was 600 mg/kg. There was no significant difference between male and
female rats with respect to mortality, and most animals died within 24 hours. However, no treatment-

related deaths were observed when rats were given doses of beechwood creosote in the feed of up to



Table 3-2 Levels of Significant Exposure to Creosote - Oral

o
2
Exposure/ LOAEL 8
Duration/ ' 2
Keyts Species Frequency NOAEL  Less Serious Serious Reference 2
figure (Strain) (Specific Route) System  (mglkgiday) (mg/kalday) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
- x/ Hackett et al. 1984
1 Rat 5d Ga 1216 1xd 740 F (10 of 16 animals died)
(CD) (G) coal tar
Pfitzer et al. 1965
2 Rat once 1700 M (LD50) .
(Wistar) (G) coal tar g
. @)
Systemic I
3 Rat 5d Gd 12-16 1/d ) Hackett et al. 1984 z
Hepatic 370F o
(CD) (G) coal tar >
Renal 370F Z
o
Endocr 90 F (significant increase in adrenal -:E
weight) &
)
Bd Wt 140 F 180 F (significant decrease in body =
weight gain) z
Z
Ogata et al. 1993 300
t once ata et al.
4 Ra. Gastro 53F 106 F (significant decrease in g %
(Wistar) (G) peristaltic movement of wood creosote 3
intestine) @)
pzd
M 5d Gd 5-9 1 x/d lyer et al. 1993
5 ouse Resp 400 F Y
(ICR) (G) petroleum creosote
Hepatic 400 F
Renal 400 F
Endocr 400 F
Bd Wt 400 F (16.1% decreased maternal
body weight)

<9



Table 3-2 Levels of Significant Exposure to Creosote - Oral

(continued)

Exposure/

a Duration/
Keyto Species _ Frequency
figure (Strain) (Specific Route)

NOAEL
System (ma/kg)

LOAEL

Less Serious

(mg/kg)

Serious
(mg/kg)

Reference
Chemical Form

Systemic

6 Mouse once
(CD-1) ©G)
Immuno/lymphoret

7 Rat 5d Gd 12-16 1x/d
(CD) ©)

Reproductive

8 Rat 5d Gd 12-16 1x/d
(CD) (G)

9 Rat 3d Gd12-14 1x/d
(Sprague- (G)

Dawley)

10 Mouse 5d Gd 59 1x/d
(ICR) (G)
Developmental

11 Rat 5d Gd 12-16 1x/d
(CD) (G)

12 Rat 3dGd 12-14 1x/d
(Sprague- (G)

Dawley)

Gastro

140

740

400 F

30

0.08 M (significant reduction in

propulsive motility of the colon)

90 F (significant increase in adrenal
weight and decrease in thymus

weight)

180 (significant increase in the
number of resorptions)

140 (significant decrease in relative

fetal lung weight and a
significant increase in
anomalous fetuses)

(significant decrease in number

of live fetuses/litter and
increase in the number of
resorptions)

(significant increase in the
incidence of cleft palate,
syndactyly/ectrodactyly and
missing toenails on hind feet)

(significant increase in early
mortality, increased incidence
of cleft palate and small lungs)

Ogata et al. 1999

wood creosote

Hackett et al. 1984

coal tar

Hackett et al. 1984

coal tar

Springer et al. 1986a

coal tar

lyer et al. 1993

creosote

Hackett et al. 1984

coal tar

Springer et al. 1986a

coal tar
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Table 3-2 Levels of Significant Exposure to Creosote - Oral (continued)

Exposure/ LOAEL
Duration/
Key 1S Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) (mglkg/day) (mg/kgiday) Chemical Form
Developmental
5d Gd 5-9 1x/d lyer et al. 1993
13 Mouse 400 (12% decreased fetal weight, y
(ICR) G) increased incidence of missing creosote
sternbrae)
INTERMEDIATE EXPOSURE
Systemic
3-5 wk 1x/d Chadwick et al. 1995
14 R?t W Gastro 50 M
(Fischer- 344) (GO} coal tar
Bd Wt 50 M
28d Culp and Beland 1994
15 Mouse Bd Wt 410 M 693 M (approx 16% decreased body P
(B6C3F1)  (F) weight) coal tar
Other 410 M 693 M (significantly decreased food
intake)
15dadlib Weyand et al. 1991
16 Mouse Bd Wt 659M 1871 M (12.5% decreased body weight) y
F coal tar
Other 659 M 1871 M (decreased food consumption)
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Table 3-2 Levels of Significant Exposure to Creosote - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyts Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/kg/day)  (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
185d Weyand et al. 1994
7 ('\g:l?:m) (F) Resp 462 coa)I’ tar
Cardio 462
Gastro 462
Hemato 462
Hepatic 462
Renal 462
Endocr 462
Bd wit 462
18 94 d Weyand et al. 1994
(’:A;sl(j;sg,em) (F) Resp 462 coal tar
Cardio 462
Gastro 462
Hemato 462
Hepatic 462
Renal 462
Endocr 462
Bd Wt 462
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Table 3-2 Levels of Significant Exposure to Creosote - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre.quency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mglkg/day) (mglkg/day) Chemical Form
Systemic
19 M 260d Weyand et al. 1995
ouse Bd Wt 236 F y
Al (3] coal tar
Immuno/iymphoret
20 Mouse 185d 462 Weyand et al. 1994
(B6C3F1) 7 coal tar
21 Mouse 94d 462 Weyand et al. 1994
(B6C3F1) (F) coal tar
Reproductive
22 Mouse 185d 462 Weyand et al. 1994
(B6C3F1) (F) coal tar
23 Mouse 94 d 462 Weyand et al. 1994
(B6C3F1) (F) coal tar
Cancer
260 d Weyand et al. 1995
24 Mouse 100 F (significant increase in 4 a
A ® incidence of lung tumors CEL: Coal tar
70%/0%)
CHRONIC EXPOSURE
Death
2yrs Culp et al. 1998
25 Mouse Y 333 F (significantly increased P
(B6C3F1) F incidence of early mortality) Coal tar
Systemic
26 Mouse 2yrs Culp et al. 1996a
ous Y Bd Wt 628F 1364 F (decrease in body weight) P

(B6C3F1) (F)

coal tar
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Table 3-2 Levels of Significant Exposure to Creosote - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day) (mglkg/day) (ma/kg/day) Chemical Form
Systemic
27 M 2yrs Culp et al. 1998
ouse y Resp 117 F 333 F (significantly decreased lung P
(B6C3F1)  (F) weight) coal tar
Gastro 1300 F
Hepatic 117 F 333 F (40% increase in liver weight)
Renal 33F 117 F (significantly decreased kidney
weight)
Bd Wt M7F 333 F (20% decrease in body weight
gain)
Other 117 346 F (significantly reduced food
consumption)
Cancer
2 Culp et al. 1996a
28 Mouse yrs 200 F (increased incidence of tumors P
(B6C3F1)  (F) of the forestomach CEL: 61%: Coal tar
0% in controls)
29 Mouse 2yrs Culp et al. 1998

(B6C3F1) (3]

333 F

(significantly increased

incidence of neoplasms of the Coal tar
liver, lung and forestomach and

of hemangiosarcomas and

histiocytic sarcomas, CEL:

27147 alveolar/bronchiolar

adenomas)

aThe number corresponds to entries in Figure 3-2.

Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = female; (F) = feed; (G) = gavage; Gastro = gastrointestinal; Gd =

gestation day; Hemtao = hematological; hr = hour(s); LD50 = lethal dose, 50% kill;, LOAEL = lowest-observable-adverse-effect level; M = male; mo = month(s); NOAEL =
no-observable-adverse-effect level; Resp = respiratory; wk = week(s); x = times
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Figure 3-2 Levels of Significant Exposure to Creosote - Oral
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Figure 3-2 Levels of Significant Exposure to Creosote - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Creosote - Oral (Continued)
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Figure 3-2 Levels of Significant Exposure to Creosote - Oral
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral

Exposure/ LOAEL
Duration/
Key toa Species Fre_quency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) (malkg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
ce Miyazato et al. 1981
1 Rat on 885 M (LD50) W
(Wistar) (G) beechwood
870 F
2 Mouse once 525 M (LD50) Miyazato et ai. 1981
(ddY) (G) beechwood
433 F
Neurological
Mi to et al. 1981
3 Ra.t once 600 (convulsions) yazalo ela
(Wistar) (G) beechwood
Mi to et al. 1981
4 Mouse onee 313M 376 M (convulsions) yazalo ela
(ddY) (G) beechwood

313F
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (mglkg/day) (mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
Rat 3 mo Miyazato et al. 1981
5 a' Resp 812 4
{Wistar) (F) beechwood creosote
Cardio 812
Hemato 812
Hepatic 163 F 168 M (increased relative liver weight)
215F
Renal 168 M 210 M (increased relative kidney
weight)
163 F
Endocr 812
Bd Wt 534 768 F (11% decreased body weight) 812 M (22% decreased body weight)
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral (continued)

31080340

Exposure/ ) LOAEL
Duration/
Key toa Species Fre_quency NOAEL Less Serious -Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) (malkg/day) (malkg/day) Chemical Form
Systemic
6 3mo Miyazato et al. 1981
Mouse Resp 1427 4
(ddY) (] beechwood creosote
Cardio 1427
Hemato 1427
Hepatic 768 M 1065 M (significant increase in relative
liver weight)
1127 F
314F
Renal 1427
Endocr 1427
Bd wt 450 M 768 M (16% decreased body weight)
1127 F 1427 F (11% decreased body weight)
Immuno/lymphoret
7 Rat 3mo ’ Miyazato et al. 1981
. 317 M 805 M (increased relative spleen
{Wistar) (F) weight) beechwood
768 F
8 Mouse 3mo 1810 Miyazato et al. 1981
(ddY) (F) beechwood
Neurological
9 Rat 3mo . . . Miyazato et al. 1981
) 768 F 257 M (increased relative brain weight)
(Wistar) (F) beechwood
10 Mouse 3mo 1810 Miyazato et al. 1981
(ddY) (F) beechwood
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral (continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre-q.uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (mg/kg/day) (mg/kg/day) Chemical Form
Reproductive
11 Rat 3mo . . Miyazato et al. 1981
. 317 M 805 M (increased relative testes
(Wistar) (F) weight) beechwood
768 F
12 Mouse 3mo 1810 Miyazato et al. 1981
(ddY) (3] beechwood
CHRONIC EXPOSURE
Death
95 or 102 wk Kuge et al. 2001
13 Rat © W 200  Significant increase in mortality ug
(Sprague- G in male and female rats. Seirogan
Dawley)
96 wk Miyazato et al. 1984b
14 Rat W 313 M (30/51 died) W
{Wistar) (F) beechwood
Systemic )
95 or 102 wk Kuge et al. 2001
15 Rat 02w Cardio 200 M Significant reduction in heart 9
(Sprague- G weight. Seirogan
Dawiey)
Bd Wt 200 F Significant reduction in mean

terminal body weight and body
weight change.
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (mg/kglday) (mg/kg/day) Chemical Form
Systemic
16 Rat 96 wk . . . . Mivazato et al. 1984b
. Cardio 143 M 313 M (increased relative heart weight)
{Wistar) (F) ‘beechwood creosote
394 F
Hepatic 143 M (increased relative liver weight
and serum cholesterol)
179 F (increased serum cholesterol)
Renal 143 M (increased relative kidney
weight, increased BUN,
nephrosis)
179 F
Endocr 143 M 313 M (increased relative weight of
adrenal glands)
394 F
313 F
Bd Wt 394
17 Mouse 52 wk Miyazato et al. 1984a
Resp 532
(ddY) (F) beechwood creosote
Hemato 532
Hepatic 532
Renal 532
Bd Wt 532
Immuno/lymphoret
18 Rat 95 or 102 wk L L Kuge et al. 2001
200 M Significant reduction in spleen
{Sprague- G weight. Seirogan
Dawley)
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral

Exposure/
a Duration/
Keyto Species _ Frequency
figure (Strain) (Specific Route)

NOAEL
System (mg/kg/day)

LOAEL

Less Serious
(mg/kg/day)

(mg/kg/day)

Reference
Chemical Form

Immuno/lymphoret

19 Rat 95 or 102 wk
(Sprague- G
Dawiey)

20 Rat 96 wk
(Wistar) (F)

21 Mouse 52 wk
(ddY) (F)
Neurological

22 Rat 96 wk
(Wistar) (F)

23 Mouse 52 wk
(ddY) (3]
Reproductive

24 Rat 95 or 102 wk
(Sprague- G
Dawley)

25 Rat 96 wk
(Wistar) (F)

394

532

179 F

394

200 F Significant reduction in
thyroid-parathyroid weight.

143 M (increased relative brain weight)

394 F

247 M (increased relative brain weight)

297 F

200 M Significant increase in testis
weight

Kuge et al. 2001

Seirogan

Miyazato et al. 1984b
beechwood

Miyazato et al. 1984a

beechwood
Miyazato et al. 1984b

beechwood

Miyazato et al. 1984a

beechwood

Kuge et al. 2001

Seirogan

Miyazato et al. 1984b

beechwood
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Table 3-3 Levels of Significant Exposure to Wood Creosote - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre_quency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) (mglkg/day) (ma/kgiday) Chemical Form
26 Mouse 52 wk 532 Miyazato et al. 1984a

(ddY) F

beechwood

aThe number corresponds to entries in Figure 3-3.

Differences in levels of health effects and cancer between males and females are not indicated in figure 3-3

Bd Wt = body weight; BUN = blood urea nitrogen; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; F = female; (F) = feed; (G) = gavage; Gastro
= gastrointestinal; Gd = gestation day; Hemtao = hematological; hr = hour(s); LD50 = lethal dose, 50% kill; LOAEL = lowest-observable-adverse-effect level; M = male; mo =

month(s); NOAEL = no-observable-adverse-effect level; Resp = respiratory; wk = week(s); x = times
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Figure 3-3 Levels of Significant Exposure to Wood Creosote - Oral
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Figure 3-3 Levels of Significant Exposure to Wood Creosote - Oral (Continued)
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Figure 3-3 Levels of Significant Exposure to Wood Creosote - Oral (Continued)

Chronic (2365 days)
Systemic "
R S * @Q‘\o > @
R o @ o =) 5P &
& c_,é“% ) (oY ((\,8\0 S & " KN 600(\ o ‘(\0(\0 \)‘o\o Q‘ob
mg/kg/day o ' ? e Nl N < <9 « N &
1000 —
O17m O17m  O17m  O17m O1rm  O2im O26m
O1er O16r O16r O2or  ®22r Oa2sr
®14r ®16r ®16r D16r
®23m
®23m
®13r @157 ®15¢ ®18r d19r ®24r
®16r P16r O22¢
O1er P16r (16r O1e6r ®22r
100 —
c-Cat  -Humans {-Ferret n-Mink @ Cancer Effect Level-Animals ¥ Cancer Effect Level-Humans M| D50/L.C50
d-Dog k-Monkey  j-Pigeon o-Other L.OAEL, More Serious-Animals A | LOAEL, More Serious-Humans ' Minimal Risk Level
r-Rat m-Mouse  e-Gerbil (L OAEL, Less Serious-Animals ALOAEL, Less Serious-Humans , for effects
p-Pig h-Rabbit s-Hamster_ ONOAEL - Animals ANOAEL - Humans -, other than
q-Cow _ a-Sheep g-Guinea Pig Cancer

NOILYWHOANI TvDISAHd ANV TVDINIHO '€

310S0340

¥8



CREOSOTE 85

3. HEALTH EFFECTS

812 mg/kg/day (males) or 768 mg/kg/day (females) for 3 months (Miyazato et al. 1981). Male and
female Wistar rats fed diets that contained up to 313 or 394 mg/kg/day beechwood creosote for 96 weeks
exhibited deaths in all groups (Miyazato et al. 1984b). There was no treatment-related increase in
mortality in the females; the major cause of death in the females including controls was bronchpneumonia
and leukemia. The high-dose males had a slightly higher mortality rate than controls and low-dose males;
and this was due to chronic progressive nephropathy. Significant increases in mortality were observed in
male and female Sprague-Dawley rats administered wood creosote by gavage at 200 mg/kg/day for 40 or
80 weeks, respectively (Kuge et al. 2001). Mortality in groups of rats administered 20 or 50 mg/kg/day
did not exceed the mortality rate in the control group. Based on necropsy examinations, it was suggested
that mortality in the experimentally exposed animals may have been associated with aspiration of the test

material.

Mice appeared to be more susceptible to the lethal effects of beechwood creosote. The oral LD;, values
in gavaged ddY mice were 525 mg/kg for males and 433 mg/kg for females (Miyazato et al. 1981). The
highest dose at which no death occurred was 376 mg/kg (males) and 433 mg/kg (females). The mortality
in female mice was significantly higher than in male mice. Most animals died within 5 hours. However,
no treatment-related deaths were observed when mice were given doses of beechwood creosote in the
feed of up to 1,065 mg/kg/day (males) or 1,427 mg/kg/day (females) for 3 months (Miyazato et al. 1981).
These results indicate that the acute oral toxicity of beechwood creosote is relatively low, and is

influenced by the method of administration. Some species and sex differences exist.

The LD, values from each reliable study for each species and duration category are recorded in Table 3-3

and plotted in Figure 3-3.

Coal Tar Products. A 70-year-old man died following ingestion of an unspecified amount of "industrial"
creosote (presumably coal tar creosote) (Bowman et al. 1984). Death was attributed to multi-organ
failure and occurred 30 hours after admission to the hospital. It is not known if this man had a history of
prior coal tar creosote ingestion. Death has been reported to occur in adults and children 14-36 hours
after the ingestion of about 7 and 1-2 g coal tar creosote, respectively (Lewin 1929). Thus, ingestion of
creosote can be fatal to humans, but the dose level required to produce death cannot be accurately

estimated from these reports.

The acute oral LD, for coal tar creosote is reported to be 1,700 mg/kg in male Wistar rats (Pfitzer et al.

1965). No deaths were reported in B6C3F, mice after oral treatment with doses of manufactured gas
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plant (MGP) residue, a form of coal tar, up to 462 mg/kg/day (males) or 344 mg/kg/day (females) for

94 or 185 days (Weyand et al. 1994). Cases of lethal poisoning resulting from ingestion of large amounts
of coal tar creosote have been reported in larger farm animals (Cribb 1968; Davis and Libke 1968; Giffee
1945; Graham et al. 1940; Harrison 1959; Luke 1954). Some of the reports are anecdotal and do not
include quantification of the amount of creosote ingested (Cribb 1968; Giffee 1945; Graham et al. 1940;
Luke 1954). Experimental feeding of powdered clay pigeon targets containing an unspecified amount of
coal tar pitch (15-30 g of powdered material daily for up to 15 days) caused death in 8 of 9 pigs (Davis
and Libke 1968). The acute fatal doses are 4 g/kg for sheep and over 4 g/kg for calves (Harrison 1959).
Based on these data, coal tar creosote can be classified as mildly to moderately toxic in acute and

intermediate duration studies.

Mated female Sprague-Dawley CD rats (25-36 per group) were gavaged on gestational days 12—16 with
0, 90, 140, 180, 370, or 740 mg/kg/day coal tar (Hackett et al. 1984). Ten of the females receiving

740 mg/kg/day died within 4 days of the initial dose, but no deaths occurred at lower doses. In a feeding
study, 5-week-old female B6C3F, mice were fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3,
0.6, and 1% coal tar samples from MGP waste sites for 2 years (Culp et al. 1998). Coal tar 1 was a
mixture of samples from seven waste sites and coal tar 2 was a mixture from two of the sites included in
coal tar 1 plus a third site with a very high benzo[a]pyrene content. This diet provided approximately 12,
33, 117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%)
of coal tar 2. Dietary levels $0.3% (333 mg/kg/day coal tar 1 or 346 mg/kg/day coal tar 2) coal tar

produced a significant increase in early mortality compared with controls, while lower levels did not.

The LD,, and LOAEL values for death from each reliable study for each species and duration category
are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.2 Systemic Effects

There is relatively little information available regarding the systemic effects of ingested wood creosote,
coal tar creosote, coal tar, or coal tar pitch. The database consists primarily of old anecdotal reports or
animal studies that would be considered inadequate by current standards. Some clinical reports describe
oral exposure of humans to wood creosote, but the amounts ingested are only estimates (Alderman et al.
1994; Clark and Reed 1992; Gordon et al. 1995). Three studies published by Miyazato et al. (1981,
1984a, 1984b) that evaluated the acute, intermediate, and chronic effects of beechwood creosote in rats

and mice and a chronic study in rats by Kuge et al. (2001) comprise the bulk of reliable information on
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the systemic effects of ingested beechwood creosote. Based on the results of these studies, the liver,
kidney, and central nervous system appear to be target organs of creosote toxicity. Effects have also been
observed in the gastrointestinal, respiratory, and cardiovascular systems. No studies were located
regarding musculoskeletal, endocrine, ocular, or body weight effects in humans or musculoskeletal

or dermal effects in animals after oral exposure to creosote. Studies regarding systemic effects that have
been observed in humans and animals after oral exposure to coal tar creosote or coal tar are discussed
below. Culp et al. (1996a, 1998), Goldstein et al. (1998), Hackett et al. (1984), Iyer et al. (1993), and
Weyand et al. (1994, 1995) comprise the bulk of the data for these compounds. The highest NOAEL
values and all LOAEL values from each reliable study for each systemic effect in each species and

duration category are recorded in Tables 3-2 and 3-3 and plotted in Figures 3-2 and 3-3.

Respiratory Effects.

Creosote Bush. A report was found in the literature describing the medical condition of a 60-year-old
woman hospitalized after taking 1-2 capsules of chaparral (prepared by grinding leaves of an evergreen
desert shrub known as creosote bush or "greasewood;" active ingredient is nordihydroguaiaretic acid
[NDGA]) daily for 10 months (Gordon et al. 1995). The patient developed "flulike syndrome" and
increased her chaparral intake to six capsules/day 3 weeks before admission. She developed aspiration

pneumonia requiring antibiotic therapy and endotracheal intubation.

Wood Creosote. Beechwood creosote has been and continues to be used therapeutically on a limited
basis in Asia as an expectorant/cough suppressant based on its presumed ability to increase the flow of
respiratory fluids. The efficacy of creosote (type not specified, but presumably beechwood creosote) as
an expectorant was studied by measuring the output of respiratory tract fluids in cats given a single oral
dose of 0.1 or 5 mL/kg (concentration not specified) (Stevens et al. 1943). Creosote produced a slight
increase in the output of respiratory tract fluid under these conditions. This is not considered a toxic
effect. Given the limitations of this study (e.g., no dose information, no other respiratory effects
evaluated), it provides no useful information on the potential respiratory effects of beechwood creosote

after oral exposure.

No adverse effect on lung weight was noted for Wistar rats given up to 812 mg/kg/day (males) or
768 mg/kg/day (females) beechwood creosote or ddY mice given up to 1,065 mg/kg/day (males) or
1,427 mg/kg/day (females) beechwood creosote in the feed for 3 months (Miyazato et al. 1981). In a

chronic study, rales were observed in Sprague-Dawley rats administered wood creosote by gavage at
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200 mg/kg/day (Kuge et al. 2001). These signs were not seen in rats administered wood creosote at 20 or
50 mg/kg/day. After 95 weeks, reddened lungs were evident in all groups of rats in this study, including
the control group, but were more prevalent in rats administered the high dose of wood creosote. The
cause of this lung reddening was not determined, but the authors suggested that it may have been
associated with aspiration of the test material. There were no increases in lung weight in any of the

experimental groups.

A slightly higher incidence of bronchitis or thickening of the tracheal mucous membrane was observed in
ddY mice that ingested feed containing 0.3% (equivalent to 247 mg/kg/day for males and 297 mg/kg/day
for females) and 0.6% (equivalent to 474 mg/kg/day for males and 532 mg/kg/day for females)
beechwood creosote for 52 weeks (Miyazato et al. 1984a). However, the authors attributed this to
irritation from long-term inhalation exposure to volatile components of beechwood creosote in the feed,

and not to a direct toxic effect on the respiratory tissue from oral exposure.

Coal Tar Products. No adverse effect on lung weight was observed in female ICR mice treated by
gavage with 400 mg/kg petroleum creosote in dimethyl sulfoxide (DMSO) on gestational days 5-9 (Iyer
et al. 1993). Five groups of B6C3F, mice (24 males, 24 females) were fed a control gel diet or
adulterated diets containing 0.05, 0.25, or 0.50% MGP residue, a type of coal tar formed as a by-product
of coal gasification (Weyand et al. 1994). Consumption was equivalent to 0, 51, 251, or 462 mg/kg/day
for males and 0, 42, 196, or 344 mg/kg/day for females. Half of the animals in each group were sacrificed
after 94 days of treatment and all organs examined for gross lesions. The remaining animals from each
group were maintained on diets for an additional 91 days. After a total of 185 days of treatment, the
remaining animals were sacrificed and all organs examined for gross and microscopic lesions. There was
no adverse effect of treatment on the lung. In another feeding study 5-week-old female B6C3F, mice
were fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar samples from
manufactured gas plant waste sites for 2 years (Culp et al. 1998). This diet provided approximately 12,
33,117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%)
of coal tar 2. The dietary level of 0.3% coal tar produced a significant decrease in lung weight compared

to controls, but lower dietary levels did not (Culp et al. 1998).

Two pigs that died after ingesting an unknown amount of coal tar pitch exhibited pneumonia (Luke
1954). Heavy respiration was observed in a Hereford bull that had accidentally ingested creosote from an

open drum; the actual amount ingested could not be estimated (Cribb 1968).
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Cardiovascular Effects. The case of a 52-year-old woman who had been taking creosote (type and
dose not specified) for 9 years to treat chronic bronchitis was reported by Robinson (1938). The woman
was found to be weak, dizzy, light-headed, and hypertensive (blood pressure=206/140 mm Hg). A
modified diet and diuretic therapy relieved all of these symptoms. Upon reinstitution of creosote therapy,
her blood pressure rose to 235/130. The author concluded that creosote was responsible for the woman's
hypertension. This study provides anecdotal evidence of creosote-induced cardiovascular effects, but the

limited sample size, lack of detail on exposure, and possibility of confounding factors limit its usefulness.

Wood Creosote. No adverse effect on heart weight was noted for rats given up to 812 mg/kg/day (males)
or 768 mg/kg/day (females) beechwood creosote or mice given up to 1,065 mg/kg/day (males) or

1,427 mg/kg/day (females) beechwood creosote in the feed for 3 months (Miyazato et al. 1981), or female
rats given up to 394 mg/kg/day and male rats given 143 mg/kg/day beechwood creosote for 96 weeks
(Miyazato et al. 1984b) or male or female Sprague-Dawley rats administered 20 or 50 mg/kg/day of wood
creosote by gavage for 102 weeks (Kuge et al. 2001). However, male, but not female, rats administered
200 mg/kg/day for 95 weeks showed a significant reduction in heart weight. Male rats given

313 mg/kg/day beechwood creosote for 96 weeks exhibited an increase in heart weight (Miyazato et al.
1984b).

Coal Tar Products. In a feed study of MGP coal tar by Weyand et al. (1994) using B6C3F, mice, there
was no adverse effect of treatment on the aorta after 94 or 185 days exposure to 0, 51, 251, or

462 mg/kg/day (males) and 0, 42, 196, or 344 mg/kg/day (females). One pig that died after ingesting an
unknown amount of coal tar pitch exhibited pericarditis (Luke 1954).

Gastrointestinal Effects.

Wood Creosote. The antidiarrheal effect of beechwood creosote was studied in rats (Ogata et al. 1993,
1999). Female Wistar rats were dosed orally with creosote in concentrations of 0, 7, 13, 27, 53, 107, 213,
and 427 mg/kg mixed with 7.7 mg/kg of saline (Ogata et al. 1993). After 1 hour, 5.6 mg/kg castor oil was
administered through the stomach cannula to all groups of rats to induce diarrhea. Feces excreted were
then observed at 1 hour intervals during the next 7 hours. To assay antimotility effects, female Wistar
rats were given creosote at the same concentrations as above. After 1 hour, 0.2 mL of a charcoal meal
(12% wet weight [w/w] charcoal powder and 2% [w/w] gum arabic in water) was administered through
the stomach cannula and the rats sacrificed 20 minutes later; the small intestine was examined to

determine how far the charcoal meal had traveled from the stomach. Creosote administered 1 hour before
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the castor oil treatment prevented diarrhea with an EDs, of 53 mg/kg. The gastrointestinal transit time of
the charcoal meal given to rats was significantly suppressed by 106 and 213 mg/kg (but not by 53 mg/kg)

creosote, which showed creosote inhibited peristaltic propulsive movement of the intestine.

In a second study by Ogata et al. (1999), the effect of orally administered wood creosote on propulsive
motility of the intestine and the colon were tested in male CD-1 mice using a charcoal meal test and a
colonic bead expulsion test. The effect of treatment with wood creosote was compared with untreated
mice or mice treated with loperamide (a known antidiarrheal agent). Postdose plasma samples were
removed from mice 30 minutes after dosing and tested for the ability to suppress colonic propulsive
movement. Wood creosote showed only a slight inhibitory effect on the propulsive motility of the small
intestine at administered doses of 0.08 and 0.4 mg/kg, but not at an ordinary human therapeutic dose level
(2-10 mg/kg). In the colonic bead expulsion test orally administered wood creosote significantly
(p<0.05) increased bead expulsion time at doses of 0.08, 0.4, and 2 mg/kg; it was most marked at the dose
of 2 mg/kg. The reduction in colonic propulsive motility produced by wood creosote occurred within

15 minutes of dosing. Postdose plasma samples from creosote treated mice produced a significant
reduction in colonic propulsive motility when injected into untreated mice. This suggests that the effect is
mediated by wood creosote (or its metabolites) in the blood rather than wood creosote from the lumen of

the colon as the time period would not be sufficient for creosote to have reached the colon.

Coal Tar Products. Ulceration of the oropharynx and petechial hemorrhages over the gastrointestinal
serosal surfaces were noted at autopsy of a 70-year-old man who died following ingestion of an
unspecified amount of industrial (presumably coal tar) creosote (Bowman et al. 1984). However, the
esophagus and stomach were intact. The authors attributed these effects to acute tissue damage resulting

from phenol-induced corrosive effects, since phenol is a component of coal tar creosote.

Wistar rats that died following the administration of single gavage doses of coal tar creosote in an acute
range-finding study (doses ranged from 613 to 5,000 mg/kg) exhibited hyperemia and distention of the
stomach upon necropsy (Pfitzer et al. 1965). No adverse gastrointestinal effects were noted in male
Fischer 344 rats treated with 50 mg/kg/day creosote by gavage for 1-5 weeks, including no change in the
weight of the small intestines, large intestines, or caecum (Chadwick et al. 1995). In a feed study of MGP
coal tar by Weyand et al. (1994) using B6C3F, mice, there was no adverse effect of treatment on the
glandular stomach or forestomach after 94 or 185 days exposure to 0, 51, 251, or 462 mg/kg/day (males)
and 0, 42, 196, or 344 mg/kg/day (females). In another feeding study, 5-week-old female B6C3F, mice

were fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar samples from
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manufactured gas plant waste sites for 2 years (Culp et al. 1998). This diet provided approximately 12,
33, 117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%)
of coal tar 2. No effect on the weight or histology of the stomach or small intestine was observed at any
dose (Culp et al. 1998). Pigs that died after ingesting an unknown amount of coal tar pitch exhibited
blood-stained fluid in the abdominal cavity (Luke 1954).

Hematological Effects.

Creosote Bush. A report was found in the literature describing a 45-year-old woman who developed
painless jaundice, fatigue, anorexia, and pruritus after taking chaparral tablets, 160 mg/day for around

2 months (Alderman et al. 1994). Complete blood count, platelet count, and clotting times were normal.
A 60-year-old woman was hospitalized with a 1-week history of upper quadrant abdominal pain,
anorexia, and jaundice (Gordon et al. 1995). The patient had been taking 1-2 capsules of chaparral daily
for the past 10 months. The patient developed "flulike syndrome" and increased her chaparral intake to
6 capsules a day 3 weeks before admission. The patient's prothrombin time increased from 15.9 to

28 seconds (normal values 10.9—13.7 seconds).

Wood Creosote. Various hematological parameters (red blood cell, white blood cell, lymphocyte, and
neutrophil counts, hemoglobin concentration, mean corpuscular volume, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration, and hematocrit) were measured by Miyazato et al. (1981,
1984a, 1984b) in Wistar rats and ddY mice fed beechwood creosote in the daily diet for 3 months,

52 weeks (mice), or 96 weeks (rats). No significant treatment-related changes were noted in mice of
either sex fed doses of up to 1,065 mg/kg/day (male) or 1,427 mg/kg/day (female) for 3 months
(Miyazato et al. 1981). These doses are considerably higher than the oral LD, values reported for mice
by the same authors. One possible explanation for this discrepancy is that the LDs, values were
determined by bolus gavage and in the intermediate study, the beechwood creosote was administered in
the feed. A slight reduction in red blood cells (RBCs) was noted in male and female rats following
dietary exposure to doses of 210 (male) or 163 (female) mg/kg/day for 3 months, but this reduction was
not observed in mice exposed to higher doses (812 [male] or 768 [female] mg/kg/day), and was therefore
not considered to be toxicologically significant (Miyazato et al. 1981). Chronic (52 weeks) dietary
exposure of mice to up to 474 mg/kg/day (males) or 532 mg/kg/day (females) beechwood creosote
resulted in statistically significant dose-related differences in mean cell volume, mean corpuscular
hemoglobin, and absolute lymphocyte and neutrophil counts when compared to the corresponding control

values. These changes were not considered by the authors to be toxicologically significant; they claimed
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that the values were within normal physiological ranges (Miyazato et al. 1984a). An unspecified set of
hematologic parameters were not affected in Sprague-Dawley rats administered wood creosote at 20, 50,

or 200 mg/kg/day for up to 102 weeks (Kuge et al. 2001).

Coal Tar Products. In a feed study of MGP coal tar by Weyand et al. (1994) using B6C3F, mice, there
was no adverse effect of treatment on the bone marrow after 94 or 185 days exposure to 0, 51, 251, or

462 mg/kg/day (males) and 0, 42, 196, or 344 mg/kg/day (females).

Hepatic Effects.

Creosote Bush. Acute toxic hepatitis has been attributed to ingestion of chaparral, an herbal nutritional
supplement product derived from the leaves of the creosote bush (Clark and Reed 1992). A 42-year-old
man had icterus and jaundice after consuming three 500 mg capsules of chaparral a day for 6 weeks.
Serum chemistry tests showed elevated bilirubin, gamma glutamyltranspeptidase (GGT), AST, and lactate
dehydrogenase. His illness was diagnosed as hepatic dysfunction secondary to chaparral ingestion.

Three weeks after discontinuing the chaparral ingestion, his serum chemistry was normal, and he had no
other symptoms. The same article noted the case of a 41-year-old woman who had abdominal pain and
jaundice after consuming 150 tablets of chaparral over an 11-week period. Serum chemistry tests
revealed elevated bilirubin, AST, alanine aminotransferase (ALT), GGT, and lactate dehydrogenase. Six
weeks after discontinuation of chaparral ingestion, serum chemistry tests were normal, and there were no

other symptoms reported.

A 45-year-old woman developed painless jaundice, fatigue, anorexia, and pruritus after taking chaparral,
160 mg/day, for about 2 months (Alderman et al. 1994). Physical examination confirmed jaundice and a
14-cm liver with a smooth, nontender border. Serum enzyme levels were elevated; serum ALT was

1,611 IU (normal 0-65 IU); AST was 957 IU (normal 0-50 IU); alkaline phosphatase was 265 IU (normal
35-130 IU); GGT was 993 IU (normal 0-65 IU), and total bilirubin was 11.6 mg/dL (normal

<1.4 mg/dL). Tests for anti-hepatitis A IgG and IgM, hepatitis B surface antigen, antibody against
hepatitis B surface antigen and hepatitis B core antigen, and acute antibody against hepatitis virus were all
negative. Ultrasonography showed no abnormality. Endoscopic retrograde cholangiopancreatigraphy
(ERCP) showed sparse, smooth, but severely narrowed biliary ducts without sclerosing cholangitis, distal
obstruction, tumor, or stenosis. Specimens from percutaneous liver biopsy showed prominent acute
inflammation with neutrophil and lymphoplasmocytic infiltration, diffuse hepatocyte disarray and

necrosis, focal acute pericholangitis, some ductal dilatation, and proliferation of bile ductules in portal-
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periportal regions. The patient was started on Prednisone at 60 mg/day, tapered to 10 mg/day and
discontinued in 7 weeks; the patient remained well with normal laboratory findings. The patient was
diagnosed with chaparral-induced toxic hepatitis after reports of two cases of chaparral hepatotoxicity
were published. In another report, a 60-year-old woman was hospitalized with a 1-week history of upper
quadrant abdominal pain, anorexia, and jaundice (Gordon et al. 1995). The patient had been taking

1-2 capsules of chaparral daily for the past 10 months. The patient developed "flulike syndrome" and
increased her chaparral intake to 6 capsules a day 3 weeks before admission. Jaundice occurred 2 weeks
later. On admission, she was confused and deeply jaundiced. Her total serum bilirubin increased from
212 mmol/L (12.4 mg/dL) to 607 mmol/L (35.5 mg/dL) (normal values 2—20 mmol/L [0.1-1.2 mg/dL]).
The patient's liver failure was considered to be chaparral-induced toxic hepatitis. Viral hepatitis was ruled
out because antibodies to hepatitis A virus [gM, antibody to hepatitis B core antigen, and hepatitis C virus
were undetectable. An exploratory laparotomy performed 1 week after admission showed ascites and a
nodular liver. Liver biopsy showed severe acute hepatitis with areas of lobular collapse and nodular
regeneration, mixed portal inflammation and marked bile ductular proliferation. Her total serum bilirubin
increased to 607 mmol/L. The patient underwent orthotopic liver transplantation. The patient slowly

recovered and was discharged.

Serum liver enzymes, blood urea nitrogen, creatinine levels, glucose levels, electrolytes, bilirubin levels,
iron levels, ferritin levels, lipid levels, and complete blood count of four patients prescribed an extract of
creosote bush in 90% ethanol were within the normal range and were unchanged by exposure to the
extract of creosote bush (Heron and Yarnell 2001). The authors also reported that an additional eight
patients who had been prescribed an extract of creosote bush had no noticeable adverse effects, but no

information as to blood chemistry was available for these patients.

Wood Creosote. Liver-to-body-weight ratios tended to increase in male Wistar rats exposed to doses of
beechwood creosote >168 mg/kg/day in the diet for 3 months or in females exposed to $215 mg/kg/day
(but not 163 mg/kg/day) (Miyazato et al. 1981). A similar increase in relative liver weight was observed
for rats exposed to $143 (male) or 179 (female) mg/kg/day beechwood creosote for 96 weeks (Miyazato
et al. 1984b). Increased relative liver weights were observed in female ddY mice fed beechwood creosote
at doses $314 mg/kg/day (but not 164 mg/kg/day) and in male mice fed 1,065 mg/kg/day (but not

768 mg/kg/day) for 3 months and in female mice fed $297 mg/kg/day, but not in male mice fed up to

474 mg/kg/day for 52 weeks (Miyazato et al. 1981). Although this response is considered to be of
minimal pathologic significance, it may be an early indication of adverse changes since the liver is a

known target organ. No treatment-related histopathological alterations were observed. Liver weights
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were unaffected in Sprague-Dawley rats administered wood creosote at 20 or 50 mg/kg/day for

102 weeks or 200 mg/kg/day for 95 weeks (Kuge et al. 2001).

A significant increase in serum glutamic-oxaloacetic transferase (GOT, currently known as AST) and
glutamic-pyruvic transferase (GPT, currently known as ALT) levels was also observed in the chronically
exposed female mice, but these levels were still within normal physiological range (Miyazato et al. 1981).
A slight increase in serum cholesterol was noted in male and female rats following dietary exposure to
210 (male) or 578 (female) mg/kg/day beechwood creosote for 3 months (Miyazato et al. 1981). The
significance of the serum cholesterol changes is not known. Increases in serum cholesterol were also
noted in rats exposed to beechwood creosote in the diet for 96 weeks at doses of 143 (male) and

179 (female) mg/kg/day and above (Miyazato et al. 1984b). There was no effect of treatment on liver
weight or serum cholesterol in mice exposed to up to 1,065 mg/kg/day (males) or 1,427 mg/kg/day
(females) in the diet for 3 months or for mice exposed to up to 474 mg/kg/day (males) or 532 mg/kg/day
(females) beechwood creosote in the diet for 52 weeks (Miyazato et al. 1984a). Taken together, these
early changes indicate that if increased doses of beechwood creosote are used, more clear cut hepatotoxic

effects would be expected to occur.

Coal Tar Products. Degeneration and necrosis of hepatocytes were observed at autopsy in the case of a
70-year-old man who ingested industrial (coal tar) creosote (Bowman et al. 1984). The actual amount
ingested was not specified. Given the lack of comparison data for the condition of the liver in healthy

individuals of that age it is not possible to definitively attribute these effects to coal tar creosote ingestion.

No adverse effect on liver weight was observed in female ICR mice treated by gavage with 400 mg/kg
petroleum creosote in DMSO on gestational days 5-9 (Iyer et al. 1993). In a feed study of MGP coal tar
by Weyand et al. (1994), B6C3F, mice were exposed to 0, 51, 251, or 462 mg/kg/day (males) and 0, 42,
196, or 344 mg/kg/day (females) in the feed for 94 or 185 days. Plasma clinical chemistry parameters
determined were as follows: glucose, creatine, blood urea nitrogen, total protein, ALT, ALT, and alkaline
phosphatase activity. Tissues obtained from the animals were examined for microscopic lesions. There

was no adverse effect of treatment on liver histopathology or serum enzymes.

Anecdotal reports of mortality in pigs after ingestion of clay pigeons containing coal tar pitch from
pastures formerly used for target shooting were found in the literature (Giffee 1945; Graham et al. 1940).
Lack of appetite, sluggishness, rough coat, and weakness, followed by death were reported. Autopsy

revealed degenerative hepatic changes. Experimental feeding of powdered clay pigeon targets containing
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an unspecified amount of coal tar pitch (15-30 g powdered material daily for up to 15 days) caused death
in eight of nine pigs (Davis and Libke 1968). Twenty-four to 48 hours prior to death, a decrease in
hemoglobin, packed blood cell volume, and blood sugar concentration was noted. Autopsy revealed
centrilobular hepatic necrosis and hemorrhage of the liver. Four pigs that ingested an unknown amount of
coal tar pitch exhibited, at necropsy, marked enlargement of the liver (Luke 1954). The hepatic surface
was pitted, the lobules very prominent and the whole organ extremely friable. Fibrinous strands were
found on the liver, the cut surface of which presented a mottled mosaic-like pattern. Three pigs were fed
a small quantity of pitch ground up in their feed (Luke 1954). These three pigs received 2 pounds
(approximately 0.38 ounces/day) of pitch over a period of 28 days. At the end of the 28th day, the pigs
were sacrificed and examined. The addition of pitch did not interfere with their appetite and no marked
symptoms were observed. Enlargement of the liver was seen together with a varying degree of liver
damage. The liver lesions were extensive and there was a marked excess of peritoneal fluid. Histological
examination of the affected liver tissue showed marked central necrosis of the lobules, which, in some
cases, had completely destroyed the normal liver cells. These liver changes had a somewhat patchy
distribution with badly affected and normal lobules often occurring side by side. The factors in the pitch

responsible for the lesions were not identified.

No change in liver weight was observed in female rats gavaged on gestational days 12—16 with up to
370 mg/kg/day coal tar (Hackett et al. 1984). In a feeding study, 5-week-old female B6C3F, mice were
fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar samples from
manufactured gas plant waste sites for 2 years (Culp et al. 1998). This diet provided approximately 12,
33,117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%)
of coal tar 2. The dietary level of 0.3% coal tar produced a significant increase in liver weight (40%)

compared with controls, exposure to lower doses had no effect on the liver (Culp et al. 1998).

Renal Effects.

Creosote Bush. No adverse renal effects were noted in a 45-year-old woman who took 160 mg/kg/day
chaparral for approximately 2 months (Alderman et al. 1994). A 60-year-old woman was hospitalized
with a 1-week history of upper quadrant abdominal pain, anorexia, and jaundice (Gordon et al. 1995).
The patient had been taking 1-2 capsules of chaparral daily for the past 10 months. The patient increased
her chaparral intake to six capsules/day 3 weeks before admission. Renal failure ensued, which required
hemodialysis. The patient underwent cadaveric renal transplantation. The patient slowly recovered and

was discharged.
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Wood Creosote. Kidney-to-body-weight ratios were significantly increased in Wistar rats exposed to
$210 (male) or $163 (female) mg/kg/day or more beechwood creosote in the diet for 3 months or to
$143 (males) or $179 (females) mg/kg/day or more for 96 weeks (Miyazato et al. 1981, 1984b), although
the trend was not strictly dose-related. No effect on the relative weight of the kidney was observed in
mice exposed to up to 1,065 mg/kg/day (males) or 1,427 mg/kg/day (females) for 3 months, mice exposed
to 474 mg/kg/day (males) or 532 mg/kg/day (females) for 52 weeks, or male rats exposed to

168 mg/kg/day for 3 months (Miyazato et al. 1981). This response is of minimal pathologic significance
in the intermediately treated rats of both sexes and the chronically treated female rats since no treatment-
related changes were noted at histopathological evaluation. Blood urea nitrogen and serum inorganic
phosphorus were elevated in the chronically treated male rats, which is indicative of uremia. Chronic
progressive nephropathy, which occurs spontaneously in old male rats, was also observed at a higher
incidence in the chronically treated male rats than in the control male rats, and probably accounts for the
biochemical changes observed. The authors concluded that long-term exposure to beechwood creosote at
the high dose (1.2% in feed or 534 mg/kg/day) accelerated the occurrence of chronic progressive
nephropathy in male rats (Miyazato et al. 1984b). These results suggest that beechwood creosote has the
potential to induce adverse effects in the kidney. Kidney weights were unaffected in Sprague-Dawley
rats administered wood creosote at 20 or 50 mg/kg/day for 102 weeks or 200 mg/kg/day for 95 weeks
(Kuge et al. 2001).

Coal Tar Products. A 70-year-old man who ingested a fatal dose of industrial (coal tar) creosote became
acidotic and anuric before he died, indicating probable kidney failure (Bowman et al. 1984). The actual

amount ingested was not specified. Acute renal tubular necrosis was revealed at necropsy. However, the
acute tubular necrosis may have been due to vascular insufficiency rather than a direct toxic effect on the

kidney.

No adverse effect on kidney weight was observed in female ICR mice treated by gavage with 400 mg/kg
petroleum creosote in DMSO on gestational days 5-9 (Iyer et al. 1993). No change in kidney weight was
observed in female CD rats gavaged on gestational days 12—16 with up to 370 mg/kg/day coal tar
(Hackett et al. 1984). In a feed study of MGP coal tar by Weyand et al. (1994) using B6C3F, mice, there
was no adverse effect of treatment on the kidney or bladder after 94 or 185 days exposure to 0, 51, 251, or
462 mg/kg/day (males) and 0, 42, 196, or 344 mg/kg/day (females). In another feeding study 5-week-old
female B6C3F, mice were fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal
tar samples from manufactured gas plant waste sites for 2 years (Culp et al. 1998). This diet provided

approximately 12, 33, 117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day
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(0.03, 0.1, and 0.3%) of coal tar 2. The dietary level of 0.1% coal tar produced a significant decrease in
kidney weight compared with controls, but lower dietary levels did not (Culp et al. 1998).

Postmortem examination on 4 pigs that had ingested an unknown amount of pitch, showed cystic kidneys

(Luke 1954).

Endocrine Effects.

Wood Creosote. No adverse effect on adrenal weight was noted for Wistar rats given up to 812 (males)
or 768 mg/kg/day (females) beechwood creosote or ddY mice given up to 1,065 (males) or

1,427 mg/kg/day (females) beechwood creosote in the feed for 3 months (Miyazato et al. 1981). Male
rats given 313 mg/kg/day beechwood creosote for 96 weeks exhibited an increase in relative adrenal
weight, but males receiving 143 mg/kg/day and females receiving up to 394 mg/kg/day did not (Miyazato
et al. 1984b). Significant reductions in thyroid-parathyroid weight were observed in female Sprague-
Dawley rats administered wood creosote by gavage at 200 mg/kg/day for 95 weeks, but not in female rats
administered 20 or 50 mg/kg/day for 102 weeks (Kuge et al. 2001). There were no dose-related changes

in adrenal or pituitary weights in male or female rats in any dose group.

Coal Tar Products. Adrenal weights were significantly increased in pregnant rats gavaged with

$90 mg/kg/day coal tar on gestational days 12—16 (Hackett et al. 1984). No adverse effect on adrenal
weight was observed in female ICR mice treated by gavage with 400 mg/kg petroleum creosote in DMSO
on gestational days 5-9 (Iyer et al. 1993). Weyand et al. (1994) conducted a feed study of MGP coal tar
using B6C3F, mice. There was no adverse effect of treatment on the salivary glands, pancreas, thymus,
parathyroid, or adrenal glands after 94 or 185 days exposure to 0, 51, 251, or 462 mg/kg/day for males
and 0, 42, 196, or 344 mg/kg/day for females.

Dermal Effects.

Creosote Bush. A 45-year-old woman developed pruritus, probably secondary to chaparral-induced toxic

hepatitis, after taking 160 mg/kg/day chaparral for around 2 months (Alderman et al. 1994).
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Body Weight Effects.

Wood Creosote. Body weight gain was decreased 11-22% in Wistar rats given 768 (males) or

812 (females) mg/kg/day beechwood creosote, and 11-16% in ddY mice given 768 (males) or

1,427 (females) mg/kg/day beechwood creosote in the feed for 3 months (Miyazato et al. 1981). No
effect on body weight was observed in rats or mice exposed to lower doses (534 mg/kg/day, male rat;

578 mg/kg/day, female rat; 450 mg/kg/day, male mouse; 1,127 mg/kg/day, female mouse) of beechwood
creosote for 3 months. No effect on body weight was observed in rats or mice exposed to up to

313 (males) or 394 (females) mg/kg/day for 96 weeks, or to 474 (males) or 532 (females) mg/kg/day for
52 weeks (Miyazato et al. 1984a, 1984b). Significant body weight reductions were observed in male (7%
weight reduction) and female (15% weight reduction) Sprague-Dawley rats administered wood creosote
by gavage at 200 mg/kg/day for 95 weeks (Kuge et al. 2001). Terminal body weights were unaffected in

rats administered 20 or 50 mg wood creosote/kg/day for 102 weeks.

Coal Tar Products. No adverse effect on body weight was noted in male Fischer 344 rats treated with

50 mg/kg/day coal tar creosote by gavage for 3—5 weeks (Chadwick et al. 1995). However, body weight
was significantly decreased in female CD rats gavaged on gestational days 12—16 with 180 mg/kg/day
(but not 140 mg/kg/day) coal tar (Hackett et al. 1984). A 16% decrease in body weight gain was also
observed in female ICR mice after gavage treatment with 400 mg/kg petroleum creosote in DMSO on
gestational days 5-9; however, a similar reduction in weight gain was seen in the group treated with
DMSO only (Iyer et al. 1993). In another study, male B6C3F, mice were given 0, 197, 410, 693, 1,067,
and 1,750 mg/kg/day coal tar in feed for 28 days (Culp and Beland 1994). Food consumption and change
in body weights were monitored for the coal-tar-fed animals. Dose-related decreases in body weight were
observed in all dose groups. Animals treated with 693 and 1,067 mg/kg/day coal tar showed average
body weights significantly decreased by approximately 16% from controls. Body weights for other

treated groups were not significantly different from those of controls.

The relationship between ingestion of MGP residue and systemic availability of coal tar components in
male mice was evaluated by measuring whole animal body weight, DNA adduct formation binding in
several soft tissues, and urinary excretion of PAH metabolites (Weyand et al. 1991). Coal tar samples
collected from four different coal gasification sites were incorporated separately at varying concentrations
into the diet and fed to the mice for 15 days. Animal body weight was not affected in groups fed up to
0.2% (659 mg/kg/day) coal tar, but body weight was significantly reduced in animals fed diets containing

0.5% (1,871 mg/kg/day) coal tar because the animals refused to eat the higher concentration of coal tar.
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Five groups of B6C3F, mice (24 males, 24 females) were fed a control gel diet or adulterated diets
containing 0.05, 0.25, or 0.50% MGP (Weyand et al. 1994). Consumption was equivalent to 0, 51, 251,
or 462 mg/kg/day for males and 0, 42, 196, or 344 mg/kg/day for females. Half the animals in each group
were sacrificed after 94 days of treatment and all organs examined for gross lesions. The remaining
animals from each group were maintained on diets for an additional 91 days. After a total of 185 days of
treatment, the remaining animals were sacrificed and all organs examined for gross and microscopic
lesions. Differences in weight gain did not show any clear dose response. Control and treated males
ingesting 51 mg/kg/day feed had the highest weight gain. Body weight gains in the 251 and

462 mg/kg/day groups were considerably lower (statistical analysis not performed). Females exposed to
42 mg/kg/day diets had the highest body weight gains, while females on the 196 mg/kg/day diets had the
lowest. In a similar study Weyand et al. (1995) fed female A/J mice with a control diet or a diet
containing 0.1 or 0.25% coal tar samples from manufactured gas plant waste sites for 260 days. This diet
provided approximately 100 or 236 mg/kg/day coal tar. Consumption of coal tar did not significantly
alter body weight gain since mice fed the control and 0.25% coal tar diets had equally low body weight

gain compared to mice fed the 0.1% coal tar diet.

Culp et al. (1996a) fed diets containing 0, 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar to female B6C3F, mice
for 2 years and noted a decrease in body weight (data not shown) at the two highest doses (1,364 and
2,000 mg/kg/day) compared with controls. No decrease was noted for animals exposed to #0.3%

(628 mg/kg/day) compared with controls. In another feeding study, 5-week-old female B6C3F, mice
were fed a control gel diet or diets containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar samples from
manufactured gas plant waste sites for 2 years (Culp et al. 1998). This diet provided approximately 12,
33, 117, 333, 739, or 1,300 mg/kg/day of coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%)
of coal tar 2. The dietary level of 0.3% coal tar (333 mg/kg/day coal tar 1 or 346 mg/kg/day coal tar 2)
produced a significant decrease in body weight gain (20%) compared with controls, but lower dietary

levels did not (Culp et al. 1998).

Other Systemic Effects.

Wood Creosote. Dose-related clinical signs consisting of salivation, decreased activity, signs of apparent
abdominal discomfort, and significant reductions in food consumption and food efficiency (food
consumption divided by body weight gain) were observed in Sprague-Dawley rats administered 200 mg
wood creosote/kg/day by gavage for 95 weeks, but not in rats administered 20 or 50 mg/kg/day for

102 weeks (Kuge et al. 2001).
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Coal Tar Products. Consumption of food containing MGP residue was evaluated in male B6C3F, mice
by measuring whole animal body weight and food consumption (Weyand et al. 1991). Coal tar samples
collected from four different coal gasification sites were incorporated separately at varying concentrations
into the diet and fed to the mice for 15 days. Food consumption was not affected in groups fed up to
0.2% (659 mg/kg/day) coal tar. However, animals fed diets containing 0.5% (1,871 mg/kg/day) or 1.0%
(3,125 mg/kg/day) coal tar refused to eat for 2 or 4 days, respectively, while animals fed 2% or more coal
tar continued to refuse to eat for the duration of the experiment. In another feeding experiment, male
B6C3F, mice were given 0, 197, 410, 693, 1,067, and 1,750 mg/kg/day coal tar in feed for 28 days (Culp
and Beland 1994). Dose-related decreases in food consumption were observed in all treated groups.
Animals treated with 693 and 1,067 mg/kg/day coal tar showed significantly decreased food consumption
compared to controls over a period of 28 days, animals receiving lower doses did not. Similar reductions
in food consumption were seen in another study of female B6C3F, mice fed a control gel diet or diets
containing 0.01, 0.03, 0.1, 0.3, 0.6, and 1% coal tar samples from manufactured gas plant waste sites for
2 years (Culp et al. 1998). This diet provided approximately 12, 33, 117, 333, 739, or 1,300 mg/kg/day of
coal tar 1 and 40, 120, or 346 mg/kg/day (0.03, 0.1, and 0.3%) of coal tar 2. Mice fed coal tar 1 ate
significantly less food than controls. The reduction in food consumption was approximately 30% for
mice fed 1% coal tar 1 and 25% for mice fed 0.6% coal tar 1. Mice fed 0.3% coal tar 2 also ate

significantly less food than controls and had approximately a 20% reduction in food consumption.
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3.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunologic/lymphoreticular effects in humans after oral exposure to

wood creosote, coal tar creosote, coal tar, or coal tar pitch.

Wood Creosote. In rats, the spleen may be affected by beechwood creosote exposure, although the data
are not conclusive (Miyazato et al. 1981). In particular, exposure to beechwood creosote at

805 mg/kg/day in the diet for 3 months resulted in increased relative spleen weight of male Wistar rats.
Spleen weights of male rats exposed to lower levels of beechwood creosote in the diet and female rats at
doses up to 768 mg/kg/day indicated no consistent trend of either increase or decrease (Miyazato et al.
1981). In companion experiments using ddY mice, no effect on relative spleen weight was seen at doses
up to 1,810 (male) or 1,570 (female) mg/kg/day, in the feed (Miyazato et al. 1981). No effect on spleen
weight was observed in rats exposed to doses up to 394 mg/kg/day for 96 weeks, or mice exposed to
doses of 532 mg/kg/day for 52 weeks (Miyazato et al. 1984a, 1984b). Spleen weight was unaffected in
male and female Sprague-Dawley rats administered 20 or 50 mg wood creosote/kg/day by gavage for
102 weeks. Spleen weight in female rats administered 200 mg/kg/day for 95 weeks was similarly
unaffected, but male rats at the latter dose and duration showed a significant reduction in spleen weight

(Kuge et al. 2001).

All reliable NOAEL and LOAEL values for immunological and lymphoreticular effects for each species
and duration category are recorded in Table 3-3 and plotted in Figure 3-3.

Coal Tar Products. Coal tar may affect the spleen and thymus in rats, but not in mice. A significant
decrease in thymus weight and endocrine weight was observed in female CD rats gavaged on gestational
days 12—-16 with 90 mg/kg/day coal tar (Hackett et al. 1984). B6C3F, mice fed a control gel diet or diets
containing 0, 51, 251, or 462 mg/kg/day MGP coal tar (males) and 0, 42, 196, or 344 mg/kg/day
(females) MGP coal tar, exhibited no adverse gross or histopathological effects for the spleen, thymus, or

bone marrow after treatment for 94 or 185 days (Weyand et al. 1994).

All reliable NOAEL and LOAEL values for immunological and lymphoreticular effects for each species
and duration category are recorded in Table 3-2 and plotted in Figure 3-2.
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3.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans following oral exposure to coal tar

creosote, coal tar, or coal tar pitch.

Creosote Bush. A 45-year-old woman developed fatigue and anorexia after taking 160 mg/kg/day
chaparral for around 2 months (Alderman et al. 1994). The patient was diagnosed with chaparral-induced
toxic hepatitis. In another report, a 60-year-old woman was hospitalized with a 1-week history of upper
quadrant abdominal pain, anorexia, and jaundice (Gordon et al. 1995). The patient had been taking

1-2 capsules of chaparral daily for the past 10 months. The patient developed "flulike syndrome" and
increased her chaparral intake to 6 capsules per day 3 weeks before admission. On admission, she was
confused; her encephalopathy worsened, and she developed seizure activity. The patient was diagnosed

with toxic hepatitis secondary to chaparral ingestion.

Wood Creosote. In rats and mice, the first sign of poisoning following the gavage administration of
single high doses (600 mg/kg in Wistar rats; 378 [male] or 313 [female] mg/kg in ddY mice) of
beechwood creosote was muscle twitching followed by convulsions within 1-2 minutes. This was
followed by asphyxiation, coma, and death (Miyazato et al. 1981). These effects were not observed in
male mice gavaged once with 313 mg/kg beechwood creosote (Miyazato et al. 1981). Dose-related
increased brain-to-body-weight ratios were observed in male rats exposed to doses of $257 mg/kg/day
beechwood creosote in the diet for 3 months, but not female rats exposed up to 768 mg/kg/day or male
and female mice exposed to up to 1,810 (male) or 1,570 (female) mg/kg/day (Miyazato et al. 1981).
Increased relative brain weights were observed in male and female mice exposed to doses up to

247 (male) or 297 (female) mg/kg/day for 52 weeks in the diet, and in male rats exposed to

143 mg/kg/day and female rats exposed to 394 mg/kg/day (but not 179 mg/kg/day) for 96 weeks in the
diet (Miyazato et al. 1984b). This response is of questionable toxicological significance because of the

lack of a dose-response trend and/or the lack of treatment-related pathological findings at necropsy.

All reliable NOAEL and LOAEL values for neurological effects for each species and duration category
are recorded in Table 3-3 and plotted in Figure 3-3.

Coal Tar Products. Several cases of acute poisoning in cattle have been attributed to ingestion of coal tar
creosote. Six cattle believed to have licked creosote-treated electrical light poles as evidenced by burning

over the mucosa of the mouth, tongue, and lips showed the following signs: extremely rapid respiration,
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contracted pupils, cold skin, apparent severe pain, and coma (Hanlon 1938). However, it is probable that
some of these effects may have been due to ingestion of pentachlorophenol. Pentachlorophenol, like
creosote, is an oil-borne wood preservative with extensive use in the public utility industry for treatment
of utility poles. Some of the effects observed by Hanlon (1938) are more compatible with the metabolic
effects (i.e., uncoupling of phosphorylative oxidation) associated with pentachlorophenol. For more
information on the effects of pentachlorophenol, please refer to the ATSDR Toxicological Profile for
Pentachlorophenol (Agency for Toxic Substances and Disease Registry 1999). Thus, it is not possible to
determine conclusively whether coal tar creosote is toxic to the central nervous system of animals based
on this report. In another report, one of two bulls that had ingested an unknown amount of creosote died
and the second one was observed to be walking stiffly (Cribb 1968). The surviving animal recovered

fully several days after being removed from the creosote.

All reliable NOAEL and LOAEL values for neurological effects for each species and duration category
are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans following oral exposure to creosotes,

coal tar, or coal tar pitch.

Wood Creosote. An increase in relative testis weight was observed in Wistar rats administered

805 mg/kg/day beechwood creosote in the diet for 3 months, but not in rats receiving 317 mg/kg/day or in
mice treated with up to 1,810 mg/kg/day beechwood creosote for 3 months (Miyazato et al. 1981). There
were no accompanying gross or histopathological lesions of the testes in these animals. No adverse
effects on ovary weight were noted in female rats (768 mg/kg/day) or mice (1,570 mg/kg/day) in the same
study. No effect on testis or ovary weight was observed in rats exposed to doses up to 394 mg/kg/day for
96 weeks, or mice exposed to doses of up to 532 mg/kg/day beechwood creosote for 52 weeks (Miyazato
et al. 1984a, 1984b). Ovary weights were unaffected in female Sprague-Dawley rats administered 20 or
50 mg wood creosote/kg/day for 102 weeks or 200 mg wood creosote/kg/day by gavage for 95 weeks
(Kuge et al. 2001). Testis weight was significantly increased in male rats administered 200 mg wood

creosote/kg/day for 95 weeks, but not in male rats administered 20 or 50 mg/kg/day for 102 weeks.

All reliable NOAEL and LOAEL values for reproductive effects for each species and duration category
are recorded in Table 3-3 and plotted in Figure 3-3.
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Coal Tar Products. A significant decrease in both the number of live fetuses/litter and the number of
resorptions was observed in female Sprague-Dawley CD rats gavaged with 370 mg/kg/day coal tar on
gestational days 12—16 (Hackett et al. 1984). A significant increase in resorptions was also observed in
rats treated with 180 mg/kg/day (but not 140 mg/kg/day) coal tar, but there was no decrease in the number
of live fetuses/litter. Some maternal toxicity was observed in the body weight (minus the products of
gestation) of the dams was significantly reduced for the three highest dose groups and the weight of the
adrenal glands was significantly increased. However, the weights of the spleen, liver, kidneys, and

ovaries of all dosed groups were similar to controls.

No significant difference in the number of live births was observed in female Sprague-Dawley rats
gavaged with 740 mg/kg/day coal tar on gestational days 12—14 (Springer et al. 1986a). Only moderate
maternal toxicity was observed. Body weight gain was significantly reduced in treated dams, but the
estimated weights of the products of conception were similar for control and treated animals, and no
significant reduction in litter size was observed. No adverse effects on reproductive indices, including the
number of live fetuses, dead fetuses, and resorptions were observed in female ICR mice dosed by gavage
with 400 mg/kg petroleum creosote in DMSO on gestational days 5-9 (Iyer et al. 1993). Moderate
maternal toxicity in the form of reduced body weight gain was observed for both creosote-treated and
vehicle control mice compared with untreated controls, but no differences in organ weights were observed
for any group. B6C3F, mice fed a control gel diet or adulterated diets containing 0, 51, 251, or

462 mg/kg/day (males) and 0, 42, 196, or 344 mg/kg/day (females) MGP residue as a by-product of coal
gasification, exhibited no adverse effect on the epididymides, preputial gland, ovaries, uterus, or clitoral

gland after treatment for 94 or 185 days (Weyand et al. 1994).

Coal tar creosote was tested for estrogenic activity using an assay in ovariectomized (OVX) ICR and
DBA/2 mice (Fielden et al. 2000). Immature OVX mice were used to assess the ability of creosote to
induce an increase in uterine weight, and mature OVX mice were used to assess the ability of creosote to
induce both increased uterine weight and vaginal cell cornification. OVX mice were gavaged with 0, 10,
50, or 100 mg/kg creosote in sesame oil or 0.1 mg/kg 17a-ethynylestradiol (positive control) once a day
for 4 days beginning when mice were 30 (OVX ICR immature), 32 (OVX DBA/2 immature), 77 (OVX
ICR mature), or 85 (OVX DBA/2 mature) days old. Mice were sacrificed 24 hours after the last
treatment; body and uterine weights were recorded for all mice and vaginal smears were taken from the
mature mice. Treatment with 17a-ethynylestradiol produced a significant increase in uterine weight and
vaginal cell cornification compared with animals receiving only sesame oil, but no significant increase in

uterine weight or vaginal cell cornification was observed in animals treated with creosote.
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All reliable NOAEL and LOAEL values for reproductive effects for each species and duration category
are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.6 Developmental Effects

No studies were located regarding the developmental effects in humans following oral exposure to wood

creosote, coal tar, or coal tar pitch.

Coal Tar Products. A significant decrease in relative fetal lung weight and a significant increase in
anomalous fetuses was observed in female CD rats gavaged with 140 mg/kg/day (but not 90 mg/kg/day)
coal tar on gestational days 12—16 (Hackett et al. 1984). Further abnormalities, a significant increase in
the incidence of cleft palate, syndactyly/ectrodactyly and missing toenails on hind feet, were observed in
offspring of females treated with 370 mg/kg/day coal tar. In this study, maternal body weight gain was
significantly reduced at the three highest dose groups and the weight of the adrenal glands was
significantly increased. However, the weights of the spleen, liver, kidneys, and ovaries of all dose groups
were similar to controls. Maternal body weight gain, excluding uterine weight, was significantly reduced
at all doses. These findings suggest that maternal toxicity may have played a role in the development of

teratogenic effects in this study.

In another developmental study, female Sprague-Dawley rats were gavaged with 740 mg/kg/day coal tar
on gestational days 12—14 and allowed to deliver their pups (Springer et al. 1986a). Only moderate
maternal toxicity was observed. Body weight gain was significantly reduced in treated dams, but the
estimated weights of the products of conception were similar for control and treated animals, and no
significant reduction in litter size was observed. Pup development was followed for 21 days after birth.
Early mortality was significantly increased in treated pups; within the first 3 days after birth, 54% of the
treated pups died compared with 9% of the untreated pups. Body and lung weights of treated pups that
died or were sacrificed at 1 or 3 days postdelivery were significantly reduced compared with controls.
Body weight gain was significantly reduced (15%) for treated pups compared with controls at all time
points. Treated pups that died showed signs of severe dehydration and this became more pronounced as
the time to death increased. Thymus and lung weights in treated animals were significantly lower than in
the corresponding control animals. Lungs were defined as "small lungs" if their size was more than two
standard deviations below the mean of the control group. No controls had small lungs or cleft palates. In
treated pups that died, the incidence of small lungs was 27% (in 90% of litters), 10% (in 80% of litters)
had cleft palates, and 33% of pups (in 80% of litters) had both small lungs and cleft palates. Median
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survival times for pups with cleft palate, both cleft palate and small lungs, and only small lungs were 2, 2,
and 10 hours, respectively. No malformations were detected in 30% of the treated pups that died and
microscopic examination of fetal lung tissue revealed no overt histological differences between treated
and control animals. The data from this study suggest that coal tar is a teratogen in Sprague-Dawley rats;
however, given the moderate, yet statistically significant, maternal toxicity, the possibility of fetal effects

secondary to maternal toxicity cannot be excluded.

A 12% decrease in mean fetal body weight was observed in the offspring of female ICR mice dosed by
gavage with 400 mg/kg petroleum creosote in DMSO on gestational days 5-9 compared to the solvent
control group (Iyer et al. 1993). An increase in the incidence of a skeletal anomaly (i.e., missing
sternebrae) was also observed in the creosote-treated litters, but the difference in the frequency of
occurrence was not significant compared to the control group. Moderate maternal toxicity in the form of
reduced body weight gain was observed for both creosote-treated and vehicle control mice compared with
untreated controls, but no differences in organ weights were observed for any group. The authors suggest
that creosote is embryotoxic but not teratogenic; however, interpretation of the results of this study is

complicated by the apparent toxicity of the carrier solvent (DMSO).

Four sows were confined to wooden farrowing crates for 2—10 days before delivery. The platforms of the
crates were coated with 3 brush applications of a commercial wood preservative containing 98.5% coal
tar creosote (Schipper 1961). Following contact with creosote, 24 of the 41 pigs delivered were dead at
birth, and 11 pigs died by day 3 postfarrowing. The surviving pigs had rough skin and suffered from
dehydration and severe diarrhea. The pigs failed to gain weight until they were 5—6 weeks old. No toxic
effects on the sows were reported. However, 4 sows confined to untreated lumber crates at least 24 hours
before farrowing delivered 36 pigs; 1 died within 24 hours and 3 died postfarrowing. No toxic effects
were noted in mothers or baby pigs. These findings suggest that creosote was fetotoxic. The fetal effects

were observed in the absence of maternal toxicity.

Although some teratogenic effects were observed in the studies discussed in this section, it is not clear
that they were directly induced by creosote. In some studies, the observed fetal deformities appeared to
be related to maternal toxicity. If creosote is a teratogen, it would be a weak one. Some of the studies
suggest that creosote is fetotoxic. In particular, the study by Schipper (1961) showed an increase in fetal

mortality without apparent maternal toxicity.
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The LOAEL and NOAEL values for developmental effects in mice and rats after oral exposure to

creosote are recorded in Table 3-2 and plotted in Figure 3-2.

3.2.2.7 Cancer

No studies were located that dealt directly with an association between cancer and ingested coal tar or

coal tar pitch in humans.

Creosote Bush. A 56-year-old woman who had been consuming 3—4 cups daily of chaparral tea (an
infusion of the leaves of the creosote bush) for a period of 3 months approximately 1.5 years prior to
surgery was found to have cystic renal disease and cystic adenocarcinoma of the kidney (Smith et al.
1994). One of the components of chaparral tea is nordihydroguaiaretic acid. This chemical has been
shown to produce cystic nephropathy in rats fed a 2% concentration for 6 weeks (Evan and Gardner 1979;
Goodman et al. 1970). The concentration of nordihydroguaiaretic acid in chaparral tea is considerably
higher than that used to cause cystic nephropathy in animals and the authors conclude that the renal

disease seen in their patient was most likely to have been due to consumption of chaparral tea.

Wood Creosote. Wood creosote is a common Japanese folk remedy under the generic name "seirogan"”
and its relationship to stomach cancer is reported in a study by Weiner (1986). This preparation was used
as a treatment for stomach aches, taken 3 times/day and the dose was equivalent to 260 mg creosote daily.
The cancer distribution in Japan shows the highest incidence of stomach cancer reported in Toyoma
where seirogan was produced and in prefectures close to Toyoma. However, the author notes that there
may be other factors in addition to seirogan. At the time of the report, 35 different digestive remedies

contained creosote.

Dietary exposure of male and female ddY mice to beechwood creosote at concentrations up to

532 mg/kg/day (which induced signs of toxicity) for 52 weeks induced no treatment-related increase in
the incidence of tumors (Miyazato et al. 1984a). This study is limited, in that 52 weeks may not be a
sufficient treatment duration to observe an increase in the incidence of tumors in mice. However, these
same authors reported that dietary exposure of male and female rats to 394 mg/kg/day beechwood
creosote (which induced signs of toxicity) for 96 weeks also failed to result in any treatment-related
increase in the incidence of tumors (Miyazato et al. 1984b). Kuge et al. (2001) conducted a chronic study
of the carcinogenicity of wood creosote using 20, 50, or 200 mg wood creosote/kg/day administered by

gavage to Sprague-Dawley rats for up to 102 weeks. There was a significant increase in mortality in the



CREOSOTE 108

3. HEALTH EFFECTS

200 mg/kg/day group. Significant increases in the incidence of mammary gland adenocarcinoma,
adenoma, and fibroadenoma were observed in some groups of female rats, but the increases did not
appear to be dose-related. In male rats, there was an increase in pituitary gland adenoma in the animals
administered 20 mg wood creosote/kg/day, but not 50 mg wood creosote/kg/day. There was a high
incidence of neoplastic changes in the control group of rats that was were not administered wood
creosote. Based on the lack of dose-related increases in neoplasms in these studies, there is no clear

evidence that ingested beechwood creosote is carcinogenic to mice or rats.

Coal Tar Products. Excess cases of breast cancer have been observed in St. Louis Park, Minnesota, that
were tentatively associated with coal tar creosote contamination of the water supply (Dean et al. 1988).
Coal tar creosote-derived PAHs were first detected in the water supply of St. Louis Park in November
1978, but may have been there for decades. A 100-acre plot of coal tar creosote-contaminated soil on
which stood a plant that used coal tar creosote and operated from 1917 to 1972 is believed to be the
source of contamination. The levels of coal tar creosote or creosote-derived PAHs in the contaminated
drinking water of St. Louis Park were not specified. There were 113 cases per 100,000 of breast cancer in
St. Louis Park compared to 78 cases per 100,000 in the metropolitan Minneapolis-St. Paul area during
1969-1971. An attempt was made to demonstrate that these excess cases could be explained by known
risk factors for breast cancer, such as age at first birth, parity, age at menarche and menopause, body mass
index, history of benign breast disease, and familial history, and thus had no association with
environmental exposure variables (Dean et al. 1988). The authors presented a method to adjust the breast
cancer morbidity in St. Louis Park using data from a larger population with documented risk factors for
breast cancer ("standard population"). These more stable rates based on breast cancer risk factors were
determined in a larger study conducted by Helmrich et al. (1983). Dean et al. (1988) determined that the
attributable risk due to the risk factors was higher for the breast cancer cases in St. Louis Park (0.598)
than in the metropolitan Minneapolis-St. Paul area (0.311). They then used these attributable risks to
calculate an adjusted morbidity ratio to estimate expected numbers of breast cancer cases in the
community. After this adjustment, there appeared to be a higher expected number of breast cancer cases
(n=134 per 100,000) than the observed number (113 per 100,000) in St. Louis Park, thereby negating any
association with creosote in the water supply. It is necessary when using any standardization method in
adjusting rates to ensure comparability among the groups in the study population that are being compared
and between the study population and the standard population. It would appear that differences do exist
between women in St. Louis Park, the metropolitan Minneapolis-St. Paul area, and the larger cohort
studied by Helmrich et al. (1983). These differences were not thoroughly examined by Dean et al. (1988)

and could include differences in demographic, economic, and/or environmental factors. However, Dean
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et al. (1988) did note a difference in religious backgrounds between the study population described by
Helmrich et al. (1983) and that of the St. Louis Park area. These dissimilarities indicate that the
populations were not directly comparable and, therefore, adjustment of rates was not appropriate. The
authors did not attempt to incorporate coal tar creosote contamination of water as an independent variable

in their analysis.

The Minnesota Department of Health (1985) also reviewed the St. Louis Park data and concluded that this
study did not provide adequate evidence to associate breast cancer with coal tar creosote-contaminated
ground water. They supported this conclusion with the following observations. It is not possible to
classify individuals or residences within St. Louis Park according to their relative degree of historical
exposure to PAH contaminants in drinking water because the pattern and history of municipal well
contamination are not known; contaminant levels were measured at the well head and not at the tap; water
treatment, storage, and distribution effects on contaminant concentration are not known; and much of the
water distribution system is lined with coatings made of coal tar or asphalt. Furthermore, given the
ubiquitous nature of PAHs, it is probable that exposures to PAHs from food would significantly exceed
exposures from contaminated St. Louis Park well water. In addition, it was found that the specific PAHs
(e.g., 3-methyl-cholanthrene) that have been shown to induce mammary tumors in rats (Dao 1964; Dao
and Sunderland 1959) were either not present in contaminated wells or were detected very rarely even in
the most highly contaminated wells. Furthermore, the many published case-control and cohort studies of
breast cancer have not demonstrated clear-cut evidence of an association between breast cancer and
smoking, which is a significant source of exposure to PAHs. These studies have also identified a number
of risk factors that account for some of the observed variations in rates among different groups of women,
and the women of St. Louis Park differ from those in the general Metro area with respect to several of the

factors that are known to influence breast cancer rates.

In another analysis of the St. Louis Park data, cancer incidence rates in St. Louis Park were compared
with those in Edina and Richfield and in the entire Minneapolis-St. Paul Standard Metropolitan Statistical
Area (SMSA), using data from the Third Cancer Survey for 3 years, 1969—1971 (Dusich et al. 1980).
Richfield was selected because it was a SMSA suburb similar to St. Louis Park in social and economic
characteristics such as median school years completed, percentage high school graduates, occupation and
median family income. Edina was selected because the creosote contamination was believed at that time
to be moving toward Edina. The entire SMSA was used as a major comparison area. For males, no
cancer rates in St. Louis Park were statistically significant from those in the three comparison areas.

Among females, age-adjusted rates for all cancers, cancers of the gastrointestinal tracts, and breast cancer
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were higher in the St. Louis Park than in Edina, Richfield, and the SMSA. The excess in gastrointestinal
cancer rates for females was only slightly significant, but all cancer combined and breast cancer had

differences with a high degree of statistical significance.

A feeding study in female A/J mice examined tumor induction after 260 days exposure to MGP residue
(Weyand et al. 1995). Treated mice ate diets to which had been added 0.25% MGP coal tar

(236 mg/kg/day) or 0.1% MGP coal tar (100 mg/kg/day), while controls received either unadulterated
food (negative control) or a diet containing benzo[a]pyrene (positive control). Mice that ingested coal tar
had a significant increase in the incidence of lung tumors (70%) compared with controls (0%), but
ingestion of coal tar did not produce any tumors of the forestomach. This is in contrast to ingestion of
benzo[a]pyrene, which produced a significant increase in incidence of tumors of the forestomach (but not

lung tumors) compared with controls.

The most extensive studies of coal tar carcinogenicity to date are 2-year cancer bioassays carried out by
Culp et al. (1996a, 1998) using MGP residue. In the earlier of these two studies, female B6C3F, mice

(5 weeks of age) were allocated to 14 dose groups consisting of 48 mice per group (Culp et al. 1996a).
Coal tar was added to the animals’ feed at the following concentrations; 0, 0.01, 0.03, 0.1, 0.3, 0.6 (15 mg
coal tar/day), and 1% (22 mg coal tar/day). Three groups of mice received feed with the following
concentrations of benzo[a]pyrene; 5, 25, and 100 ppm. The coal tar was a mixture of samples from seven
waste sites and corresponds to coal tar 1 in the later study (Culp et al. 1998). Feeding was continued for
2 years. All mice, including those that died during the experiment were examined grossly at necropsy.
Forestomach tumors were found in all groups of mice fed coal tar or benzo[a]pyrene and incidence

increased with dose. Tumors of the small intestine were only seen in mice fed 0.6 or 1.0% coal tar.

In the later study, coal tar samples from manufactured gas plant waste sites were added to the feed of
5-week-old female B6C3F, mice at the following concentrations; 0.01, 0.03, 0.1, 0.3, 0.6, and 1% (12, 33,
117, 333, 739, and 1,300 mg/kg/day) coal tar 1 and 0.03, 0.1, and 0.3% (40, 120, or 346 mg/kg/day) coal
tar 2 (Culp et al. 1998). Coal tar 1 was a mixture of samples from seven waste sites and coal tar 2 was a
mixture from two of the sites included in coal tar 1 plus a third site with a very high benzo[a]pyrene
content. Control mice received either unadulterated feed (negative control) or feed containing 5, 25, or
100 ppm benzo[a]pyrene. Mice fed coal tar 1 or 2 showed a significant concentration-related increase in
incidence of neoplasms of the liver, lung, and forestomach and of hemangiosarcomas, histiocytic
sarcomas, and sarcomas. Mice treated with coal tar 1 also showed a significant concentration-related

increase in incidence of neoplasms of the small intestine. In contrast mice treated with benzo[a]pyrene
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showed a significant concentration-related increase in incidence of neoplasms of the forestomach,
esophagus, tongue, and larynx. The authors concluded that the forestomach neoplasms produced by coal
tar treatment may be due to the presence of benzo[a]pyrene, but that the other tumors produced by coal tar
are likely to be due to the presence of genotoxic compounds other than benzo[a]pyrene. The small
intestine-tumors produced by coal tar 1 may be due to chemically-induced cell proliferation that occurred

at high doses of coal tar.

A risk assessment based on the data from Culp et al. (1998) discussed the validity of using the
concentration of a single component of coal tar (benzo[a]pyrene) to estimate the relative cancer risk for
coal tar (Gaylor et al. 2000). In this experiment, benzo[a]pyrene dominated the cancer risk for coal tar
when it was present at concentrations >6,300 ppm in the coal tar mixture, and in this case, the
forestomach was the most sensitive tissue site. However, when benzo[a]pyrene was present in
concentrations <6,300 ppm, the lung was the most sensitive site and benzo[a]pyrene did not contribute to
the risk. The authors conclude that, in general, the concentration of benzo[a]pyrene in coal tar is unlikely
to be as high as 6,300 ppm and, therefore, it probably should not be used as a measure of the cancer risk

for coal tar.

Levels of exposure associated with CELs of creosote are indicated in Table 3-2 and Figure 3-2.

3.2.3 Dermal Exposure

This section describes the health effects observed in humans and laboratory animals associated with
dermal exposure to coal tar creosote. All reliable exposure levels have been reported. Several reports
were found that describe the occurrence of dermal and ocular irritation, burns, and "warts" (i.e., squamous
papillomas) following acute or prolonged skin contact with coal tar creosote. Coal tar creosote also
induces phototoxicity of the skin, and has been demonstrated to be a skin carcinogen in animals.
Conclusions that can be drawn from the results of animal studies are limited by the possibility of
concurrent oral ingestion of creosote from the skin via normal preening behavior and by the fact that few

studies reported accurate doses. Details of these reports are given below.



CREOSOTE 112

3. HEALTH EFFECTS

3.2.3.1 Death

No studies were located regarding death in humans following dermal or skin contact with creosotes, coal

tar, coal tar pitch, or coal tar pitch volatiles solely by this route.

Coal Tar Products. Evaluations of human exposure during employment in coal tar plants indicated
significant increases in cancer-related deaths (TOMA 1982). No specific type of cancer was
predominant. Nevertheless, no clear relationship could be established because exposure routes in addition
to dermal were likely, such as inhalation and oral. Also, the ability to relate death to coal tar exposure
was further confounded by the possibility that the subjects were also exposed to other chemicals and
cigarette smoke (TOMA 1982). Additional limitations were identified in this study, including absence of
data on smoking habits, short cut-off date of 10 days of employment, unknown race classification for

20 of participants, use of U.S. male mortality rates for comparison as opposed to regional mortality rates,

and the relationship between the cohort and production history was not explored.

In test animals, a dermal LDy, in rabbits of >7,950 mg/kg was estimated following a 24-hour application
of coal tar creosote to both intact and abraded skin; two of four rabbits died at the high dose of

15,800 mg/kg (Pfitzer et al. 1965). This LOAEL value is recorded in Table 3-4. Additional reports of
deaths in test animals, after dermal application of coal tar or coal tar pitch volatiles, can be found in the
literature, although specific details of the studies are missing (Bonser and Manch 1932; Deelman 1962).
Wallcave et al. (1971) treated groups of Swiss albino mice topically with 9% benzene solutions of two
coal tar pitches of known PAH content. An additional group of 15 male and female mice were painted
with benzene only and served as controls. Zones of approximately 1 square inch were shaved in the skin
of the back of each animal and the solutions of coal tar pitch were painted in this area 2 times/week with
25 mL of solution (approximately 1.7 mg coal tar pitch per treatment). Mean survival time for animals
painted with coal tar pitch and control animals was 31 and 82 weeks, respectively. The effect, if any, of
benzene on the dermal absorption of asphalt components was not evaluated in this study. Asphalt

(500 mg/mL) and coal tar pitch (30—84 mg/mL) were the materials used in assessing skin carcinogenesis
in nonpigmented Swiss CD-1 and pigmented C3H/HeJ male mice (Niemeier et al. 1988). The mean
survival time for treated C3H/HelJ ranged from 44.3 to 68.7 weeks compared to 65.6—73.9 for the
controls. The mean survival time for the treated CD-1 mice ranged from 52.6 to 67.8 weeks compared to

63.9-67.8 weeks for controls.
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3.2.3.2 Systemic Effects

No studies were located regarding the musculoskeletal, endocrine, or body weight effects in humans or
respiratory, musculoskeletal, or endocrine effects in animals after dermal exposure to wood creosote, coal
tar creosote, coal tar, coal tar pitch, or coal tar pitch volatiles. Studies regarding the systemic effects that
have been observed in humans and animals after dermal exposure to creosotes are discussed below. The
highest NOAEL values and all LOAEL values from each reliable study for each systemic effect in each

species and duration category are recorded in Tables 3-4 and 3-5.

Respiratory Effects.

Coal Tar Products. In an industrial health survey of employees in four wood preservative plants in
which coal tar creosote and coal tar were the main treatments used, decreased pulmonary function was
noted (TOMA 1979). Restrictive deficits in pulmonary function, as indicated by decreases in FVC, were
noted in 44 of 257 employees (10 of 47 nonsmokers). Obstructive deficits, as indicated by decreases in
percentage forced expiratory volume in one second (FEV 1) were noted in 19 of 257 employees (3 of

54 nonsmokers). Nevertheless, no clear relationship could be established because exposure routes in



Table 34 Levels of Significant Exposure to Creosote - Dermal

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form
ACUTE EXPOSURE
Death
Rabbit once 1 Pfitzer et al. 1965
5800 (2/4 died)
mg/kg/day
coal
Systemic
Rat 4d Gd11-15 Hepatic 500 F (significant . Zangar et al. 1989
1x/d significant increase in
(Sprague- Dawley) mg/kg/da s :
9 Y relative liver weight) coal tar
Renal 500 F
/kald (significant increase in
MgiKgIday  rglative kidney weight)
Endocr 1500 F
mg/kg/day
Bd Wt 500 F 1500 F
(15% decrease in body (30% decrease in body
mg/kg/day weight) mg/kg/day weight)
Mouse 1-3wk 7d/wk 1 Dermal 5M o Wrench and Britten 1975
(t.o.) x/d Percent (%) (iritation)
coal tar
Mouse 4d Gd11-15 Hepatic 500 F (significant . Zangar et al. 1989
1x/d significant increase in
(CD-1) mg/kg/da ™ ;
Y relative liver weight) coal tar
Renal 500 F
Ikald (significant increase in
mg/kgioay  ralative kidney weight)
Endocr 1500 F
mg/kg/day
Bd Wt 1500 F
mg/kg/day
Rabbit once Ocular 0.1 M o Pfitzer et al. 1965
(New Zealand White) mi (conjunctival redness)

coal tar
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Table 34 Levels of Significant Exposure to Creosote - Dermal

{continued)

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form
Systemic
Rabbit once Gastro 7950 M 15800 M . . . Pfitzer et al. 1965
(New Zealand White) mgkglday  mglkgiday (mtestinal hyperemia)
coal tar
Immuno/lymphoret
Rat 4d Gd11-15 500 F (significant d . Zangar et al. 1989
1x/d significant decrease in
(Sprague- Dawley) mg/kg/day  relative weight of thymus) coal tar
Mouse 4d Gd11-15 500 F (significant . Zangar et al. 1989
1x/d significant increase in
(CD-1) mg/kg/day  reiative weight of spleen) coal tar
Reproductive
Rat 4dGd11-15 500 F (significant . Zangar et al. 1989
1x/d significant increase in
(Sprague- Dawley) mg/kg/day  resorptions and decrease coal tar
in uterine weight)
Mouse . 4dGd11-15 500 (significant d . 1500 F (significant i . Zangar et al. 1989
1x/d significant decrease in significant increase in
(€D-1) mg/kg/day \terine weight) mg/kg/day  resorptions) coal tar
Developmental
Rat 4dGd 11-15 500 ( ; | 4 Zangar et al. 1989
1x/d significantly increase
(Sprague- Dawiey) mg/kg/day  jhcidence of small lungs, coal tar
cleft palate, edema,
midcranial lesion and
reduced cranial
ossification)
Mouse 4dGd11-15 500 Zangar et al. 1989
(CD-1) 1x/d mghkg/day (Significantly increased

incidence of cleft palate,
dilated ureter and renal
pelvic cavitation).

coal tar

NOILYWHOANI TVOISAH ANV VOIWNIHD '€

31080340
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Table 34 Levels of Significant Exposure to Creosote - Dermal

{continued)

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form

Cancer
Mouse once 5555M iation of skin & Mahlum 1983
(CD-1) mg/kg (initiation of skin tumors)

coal tar
Mouse once 203F itation of skin ¢ Springer et al. 1989
(CD-1) ma/kg (initiation of skin tumors)

coal tar
INTERMEDIATE EXPOSURE
Systemic
Rabbit 3 wk 5 diwk Dermal 0.01M 0.1 M . Kligman and Kligman 1994
(Australian albino) Percent (%)  Percent (%) (comedagenicity)

coal tar
Cancer
Mouse 4-28 wk 2 x/wk 0.025F Boutwell and Bosch 1958
(Sutter) mil (CEL: papillomas and

carcinomas) coal tar
Mouse 31 wk 2 xiwk 1.7 Wallcave et al. 1971
(Swiss- albino) mg (CEL: squamous cell
~ carcinoma and ; ;
papillomas in 53/58) coal tar pitch volatiles

Rabbit 15 wk 3 xwk 10M Kligman and Kligman 1994

(Australian albino)

Percent (%)

(CEL: papillomas,
squamous cell
carcinoma,s
keratoacanthomas &
cutaneous horns)

coal tar
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Table 3-4 Levels of Significant Exposure tb Creosote - Dermal

(continued)

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form
CHRONIC EXPOSURE
Death
Mouse 78 wk 2 x/wk 30M o Niemeier et al. 1988
(Swiss CD-1; C3H/ Y i ey
Hed) mg/ml  44.3-68.7 wks, control =
65.6-73.9 wks; for
CD-1; treated =
52.6-67.8 wks, control =
63.9-67.8 wks)
Mouse 78 wk 2 x/wk 500 M val fime § Niemeier et al. 1988
(Swiss CD-1; C3H/ mgmi  {Tean sunvival fime for or
HeJ) 44.3-68.7 wks, control = PV
65.6-73.9 wks; for
CD-1; treated =
52.6-67.8 wks, control =
63.9-67.8 wks)
Mouse 78 wk 2 xiwk 500 M il asohalt + 30-84 Niemeier et al. 1988
. mg/mL asphalt + 30-
{Swiss CD-1; C3H/ mg/kg/day mg /L cogl tar pitch
HeJ) (deaths) CTRv
Systemic
Mouse 78 wk 2x/iwk Bd Wt 30M Niemeier et al. 1988
(Swiss CD-1; C3H/ - 84
HeJ) mg/ml CTPV
Mouse 78 wk 2x/wk Bd Wt 500 M Niemeier et al. 1988
(Swiss CD-1; C3H/ mg/mi
HelJ) CTPV
Cancer
Mouse 78 wk 2 x/iwk 30M . Niemeier et al. 1988
(Swiss CD-1; C3H/ . g4 (CELskintumors)
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- Table 34 Levels of Significant Exposure to Creosote - Dermal

{continued)

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form
Cancer
Mouse 78 wk 2 x/wk 500 M CEL: ski Niemeier et al. 1988
(Swiss CD-1; C3H/ mgimy  (CEL: skin tumors)
Hed) CTPV
Mouse 78 wk 2 x/wk 500 M L halt + 30-84 Niemeier et al. 1988
. . mg/mL asphalt + 30-
§_|Sless CD-1; C3H/ mg/kg/day mg/mL coal tar pitch CTPV
ed) (CEL; tumors)
Mouse lifetime 3 x/wk 20F . . Poel and Kammer 1957
(C57L) Percent (%) (CEL: papillomas 100%

incidence)

coal tar

Bd Wt = body weight; CEL = cancer effect level; CTPV = coal tar pitch volatiles; d = day(s); Endocr = endocrine; F = female; Gastro = gastrointestinal; Gd = gestation day; hr =
hour(s); LOAEL = lowest-observable-adverse-effect level; M = male; mo = month(s); NOAEL = no-observable-adverse-effect level; wk = week(s); x = times
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Table 3-5 Levels of Significant Exposure to Wood Creosote - Dermal

Exposure/
Duration/ LOAEL
Species Frequency Reference
(Strain)  (Specific Route) System NOAEL Less Serious Serious Chemical Form
INTERMEDIATE EXPOSURE
Systemic
Rabbit 10wk 5d/wk  Dermal 10M , Kligman and Kligman 1994
(Australian albino) Percent (%) (small visible comedones
(]

in 2 wks)

birch tar

d = days(s); LOAEL = lowest-observable-adverse-effect level; M = male; NOAEL = no-observable-adverse-effect level, wk = week(s)
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3. HEALTH EFFECTS

addition to dermal were likely, such as inhalation and oral. Also, the ability to relate respiratory effects to
coal tar exposure was further confounded by the possibility that the subjects were also exposed to other
chemicals and cigarette smoke (TOMA 1979). Additional limitations of the studies included seasonal and
geographical variation in plant locations, past employment history, voluntary participation in the study
that could have biased it in favor of healthy workers, lack of statistical analyses, lack of adequate

controls, and use of only current employees.

A site surveillance program was conducted by the Texas Department of Health beginning in 1990 at a
housing development in Texarkana, Texas, that had been built on part of an abandoned Koppers
Company, Inc., creosote wood treatment plant (Agency for Toxic Substances and Disease Registry 1994).
The plant had ceased creosoting activities in 1961, after operating for 51 years. A sand and gravel
company had operated on part of the abandoned site during the 1970s and 1980s. Because of soil and
groundwater contamination with PAHs and other chemicals, the EPA identified this site and placed it on
the NPL in 1984. Several residential lots were observed to have soil concentrations of benzo[a]pyrene in
excess of 325 mg/kg, or oily-stained areas, and were subject to emergency resodding by the EPA.
Contaminated soils were scheduled to be treated for clean-up. A total of 214 residents (123 males,

91 females) of the contaminated residential area (Koppers) were interviewed twice during a period of

2 years, and were compared to 212 residents (122 males, 93 females) from a nearby town. Since all of the
residents from the Koppers area who were participating in the survey were African American, the chosen
regional comparison population was also African American. No data were presented in this study
regarding the relative importance of inhalation versus dermal exposure. During the second year of the
surveillance, the responses of the Koppers area residents were compared with the 1990 National Health
Interview Survey results. Residents of the Koppers area showed a significantly higher risk of chronic
bronchitis (RR=2.65, 95% CI=1.26-5.57) relative to the comparison population during the first year of
the study. During the second year of the study, 11 residents of the Koppers area reported chronic
bronchitis, whereas 7 were expected based on the 1990 National Health Interview Survey rates. These
study results are seriously limited by the study’s reliance on self reporting of health conditions for which

diagnosis verification was not always available.

Cardiovascular Effects.

Coal Tar Products. In an industrial health survey of employees in a wood preservative plant in which

coal tar creosote, coal tar, and pentachlorophenol were the main treatments used, cardiovascular effects,

including increased diastolic blood pressure, were noted in 21% (24/113) of the employees examined
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3. HEALTH EFFECTS

(TOMA 1979). Nevertheless, no clear relationship could be established because exposure routes in
addition to dermal were likely, such as inhalation and oral. Also, the ability to relate cardiovascular
effects to coal tar exposure was further confounded by the possibility that the subjects were also exposed
to other chemicals such as pentachlorophenol and cigarette smoke (TOMA 1979). Additional limitations
of the study are listed above under Respiratory Effects.

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

following dermal exposure to creosotes, coal tar, or coal tar pitch.

Coal Tar Products. In an acute animal study, New Zealand white rabbits that died following single
dermal applications of undiluted coal tar creosote (15,800 mg/kg) exhibited hyperemia of the intestines,

but animals treated with 7,950 mg/kg did not (Pfitzer et al. 1965).

Hematological Effects.

Coal Tar Products. In an industrial health survey of employees in four wood preservative plants in
which coal tar creosote and coal tar were the main treatments used, hematological effects, including
increased number of white blood cells (basophils), were noted in 6% (15 of 257) of the employees
examined (TOMA 1979). Similarly, 8% of the employees in eight of nine coal tar plants surveyed had
increased white blood cells (eosinophils) (TOMA 1981). Industrial hygiene surveys of coal tar pitch
volatiles at the four wood preservative plants indicated that in 94% of the samples, airborne exposure to
benzene-soluble components of the coal tar pitch volatiles was within the OSHA permissible 