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UPDATE STATEMENT

A Toxicological Profile for cobalt, Draft for Public Comment was released in July 2001. This edition
supersedes any previously released draft or final profile.

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

Agency for Toxic Substances and Disease Registry
Division of Toxicology/Toxicology Information Branch
1600 Clifton Road NE,

Mailstop F-32
Atlanta, Georgia 30333






FOREWORD

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

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

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a public health statement that describes, in nontechnical language, a substance's
relevant toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

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

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

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels of
exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State,
and local levels; interested private sector organizations and groups; and members of the public.

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

s (e

Julie Louise Gerberding,

Administra

Agency for Toxic Substances and
Disease Registry
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Background Information

The toxicological profiles are developed by ATSDR pursuant to Section 104(i) (3) and (5) of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or
Superfund) for hazardous substances found at Department of Energy (DOE) waste sites. CERCLA
directs ATSDR to prepare toxicological profiles for hazardous substances most commonly found at
facilities on the CERCLA National Priorities List (NPL) and that pose the most significant potential threat
to human health, as determined by ATSDR and the EPA. ATSDR and DOE entered into a Memorandum
of Understanding on November 4, 1992 which provided that ATSDR would prepare toxicological profiles
for hazardous substances based upon ATSDR’s or DOE’s identification of need. The current ATSDR
priority list of hazardous substances at DOE NPL sites was announced in the Federal Register on July 24,
1996 (61 FR 38451).



COBALT vii

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 (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.8 Children’s Susceptibilitﬂ
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.9 Biomarkers of Exposure and Effecﬂ
Section 3.12  Methods for Reducing Toxic Effects’

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 498-0110  Fax: (770) 488-4178
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
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Hazards,; Skin Lesions and Environmental Exposures, Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.

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 11—
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.

Radiation Emergency Assistance Center/Training Site (REAC/TS) provides support to the U.S.
Department of Energy, the World Health Organization, and the International Atomic Energy
Agency in the medical management of radiation accidents. A 24-hour emergency response
program at the Oak Ridge Institute for Science and Education (ORISE), REAC/TS trains,
consults, or assists in the response to all kinds of radiation accidents. Contact: Oak Ridge
Institute for Science and Education, REAC/TS, PO Box 117, MS 39, Oak Ridge, TN 37831-0117
* Phone 865-576-3131 » FAX 865-576-9522 « 24-Hour Emergency Phone 865-576-1005 (ask for
REAC/TS) ¢ e-mail: cooleyp@orau.gov * website (including emergency medical guidance):
http://www.orau.gov/reacts/default.htm

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:
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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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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

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

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific Minimal Risk Levels (MRLs), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLs.

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

A peer review panel was assembled for cobalt. The panel consisted of the following members:

1. Dr. Herman Cember, C.H.P., Ph.D., PE., Adjunct Professor, School of Health Sciences, Purdue
University, Lafayette, Indiana;

2. Dr. James Hansen, Ph.D., Environmental Contaminant Specialist, U.S. Fish and Wildlife Service,
Spokane, WA;

3. Dr. Dominique Lison, M.D., Ph.D., Vice-Chairman of the Doctoral School in Genetics and

Immunology, Catholic University of Louvain, Brussels, Belgium, and

4. Dr. Nancy Pedigo, Ph.D., Research Assistant Professor, Department of Pharmacology, University
of Kentucky Medical Center, Lexington, KY.

These experts collectively have knowledge of cobalt's physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification of risk to
humans. All reviewers were selected in conformity with the conditions for peer review specified in
Section 104(1)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act, as
amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. 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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COBALT 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about cobalt 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. Stable cobalt has been found in at least 426 of the

1,636 current or former NPL sites. Radioactive cobalt, as ®°Co, has been found in at least 13 of
the 1,636 current or former NPL sites. However, the total number of NPL sites evaluated for this
substance is not known. As more sites are evaluated, the sites at which cobalt is found may
increase. This information is important because exposure to this substance may harm you and

because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. This release does not always lead to
exposure. You are exposed to a substance only when you come in contact with it. You may be
exposed by breathing, eating, or drinking the substance, or by skin contact. External exposure to
radiation may occur from natural or man-made sources. Naturally occurring sources of radiation
are cosmic radiation from space or radioactive materials in soil or building materials. Man-made
sources of radioactive materials are found in consumer products, industrial equipment, atom

bomb fallout, and to a smaller extent from hospital waste and nuclear reactors.

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

traits, lifestyle, and state of health.
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1.1  WHATIS COBALT?

Cobalt is a naturally-occurring element that has properties similar to those of iron and nickel. It
has an atomic number of 27. There is only one stable isotope of cobalt, which has an atomic
mass number of 59. (An element may have several different forms, called isotopes, with
different weights depending on the number of neutrons that it contains. The isotopes of an
element, therefore, have different atomic mass numbers [number of protons and neutrons],
although the atomic number [number of protons] remains the same.) However, there are many
unstable or radioactive isotopes, two of which are commercially important, cobalt-60 and
cobalt-57, also written as Co-60 or %Co and Co-57 or° 7Co, and read as cobalt sixty and cobalt
fifty-seven. All isotopes of cobalt behave the same chemically and will therefore have the same
chemical behavior in the environment and the same chemical effects on your body. However,
isotopes have different mass numbers and the radioactive isotopes have different radioactive
properties, such as their half-life and the nature of the radiation they give off. The half-life of a
cobalt isotope is the time that it takes for half of that isotope to give off its radiation and change
into a different isotope. After one half-life, one-half of the radioactivity is gone. After a second
half-life, one-fourth of the original radioactivity is left, and so on. Radioactive isotopes are
constantly changing into different isotopes by giving off radiation, a process referred to as
radioactive decay. The new isotope may be a different element or the same element with a

different mass.

Small amounts of cobalt are naturally found in most rocks, soil, water, plants, and animals,
typically in small amounts. Cobalt is also found in meteorites. Elemental cobalt is a hard,
silvery grey metal. However, cobalt is usually found in the environment combined with other
elements such as oxygen, sulfur, and arsenic. Small amounts of these chemical compounds can
be found in rocks, soil, plants, and animals. Cobalt is even found in water in dissolved or ionic
form, typically in small amounts. (Ions are atoms, collections of atoms, or molecules containing
a positive or negative electric charge.) A biochemically important cobalt compound is

vitamin B, or cyanocobalamin. Vitamin B, is essential for good health in animals and humans.

Cobalt is not currently mined in the United States, but has been mined in the past. Therefore, we
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obtain cobalt and its other chemical forms from imported materials and by recycling scrap metal

that contains cobalt.

Cobalt metal is usually mixed with other metals to form alloys, which are harder or more
resistant to wear and corrosion. These alloys are used in a number of military and industrial
applications such as aircraft engines, magnets, and grinding and cutting tools. They are also used
in artificial hip and knee joints. Cobalt compounds are used as colorants in glass, ceramics, and
paints, as catalysts, and as paint driers. Cobalt colorants have a characteristic blue color;
however, not all cobalt compounds are blue. Cobalt compounds are also used as trace element

additives in agriculture and medicine.

Cobalt can also exist in radioactive forms. A radioactive isotope of an element constantly gives
off radiation, which can change it into an isotope of a different element or a different isotope of
the same element. This newly formed nuclide may be stable or radioactive. This process is
called radioactive decay. “°Co is the most important radioisotope of cobalt. It is produced by
bombarding natural cobalt, *’Co, with neutrons in a nuclear reactor. “°Co decays by giving off a
beta ray (or electron), and is changed into a stable nuclide of nickel (atomic number 28). The
half-life of ®°Co is 5.27 years. The decay is accompanied by the emission of high energy
radiation called gamma rays. ®°Co is used as a source of gamma rays for sterilizing medical
equipment and consumer products, radiation therapy for treating cancer patients, and for
manufacturing plastics. ®°Co has also been used for food irradiation; depending on the radiation
dose, this process may be used to sterilize food, destroy pathogens, extend the shelf-life of food,
disinfest fruits and grain, delay ripening, and retard sprouting (e.g., potatoes and onions). >’Co is
used in medical and scientific research and has a half-life of 272 days. >’Co undergoes a decay
process called electron capture to form a stable isotope of iron (°’Fe). Another important cobalt
isotope, **Co, is produced when nickel is exposed to a source of neutrons. Since nickel is used in
nuclear reactors, >°Co may be unintentionally produced and appear as a contaminant in cooling
water released by nuclear reactors. ~*Co also decays by electron capture, forming another stable

isotope of iron (**Fe). **Co may be similarly produced from cobalt alloys in nuclear reactors and
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released as a contaminant in cooling water. **Co has a half-life of 71 days and gives off beta and

gamma radiation in the decay process.

Quantities of radioactive cobalt are normally measured in units of radioactivity (curies or
becquerels) rather than in units of mass (grams). The becquerel (Bq) is a new international unit,
and the curie (Ci) is the traditional unit; both are currently used. A becquerel is the amount of
radioactive material in which 1 atom transforms every second, and a curie is the amount of
radioactive material in which 37 billion atoms transform every second. For an overview of basic
radiation physics, chemistry, and biology see Appendix D of this profile. For more information

on radiation, see the ATSDR Toxicological Profile for lonizing Radiation.

To learn more about the properties and uses of cobalt, see Chapters 4 and 5.

1.2 WHAT HAPPENS TO COBALT WHEN IT ENTERS THE ENVIRONMENT?

Cobalt may enter the environment from both natural sources and human activities. Cobalt occurs
naturally in soil, rock, air, water, plants, and animals. It may enter air and water, and settle on
land from windblown dust, seawater spray, volcanic eruptions, and forest fires and may
additionally get into surface water from runoff and leaching when rainwater washes through soil
and rock containing cobalt. Soils near ore deposits, phosphate rocks, or ore smelting facilities,
and soils contaminated by airport traffic, highway traffic, or other industrial pollution may
contain high concentrations of cobalt. Small amounts of cobalt may be released into the
atmosphere from coal-fired power plants and incinerators, vehicular exhaust, industrial activities
relating to the mining and processing of cobalt-containing ores, and the production and use of
cobalt alloys and chemicals. **Co and “*Co may be released to the environment as a result of
nuclear accidents (i.e, Chernobyl), radioactive waste dumping in the sea or from radioactive

waste landfills, and nuclear power plant operations.

Cobalt cannot be destroyed in the environment. It can only change its form or become attached

or separated from particles. Cobalt released from power plants and other combustion processes
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is usually attached to very small particles. Cobalt contained in windborne soil is generally found
in larger particles than those released from power plants. These large particles settle to the
ground or are washed out of the air by rain. Cobalt that is attached to very small particles may
stay in the air for many days. Cobalt released into water may stick to particles in the water
column or to the sediment at the bottom of the body of water into which it was released, or
remain in the water column in ionic form. The specific fate of cobalt will depend on many
factors such as the chemistry of the water and sediment at a site as well as the cobalt
concentration and water flow. Cobalt deposited on soil is often strongly attached to soil particles
and therefore would not travel very far into the ground. However, the form of the cobalt and the
nature of the soil at a particular site will affect how far cobalt will penetrate into the soil. Both in
soil and sediment, the amount of cobalt that is mobile will increase under more acidic conditions.

Ultimately, most cobalt ends up in the soil or sediment.

Plants can accumulate very small amounts of cobalt from the soil, especially in the parts of the
plant that you eat most often, such as the fruit, grain, and seeds. While animals that eat these
plants will accumulate cobalt, cobalt is not known to biomagnify (produce increasingly higher
concentrations) up the food chain. Therefore, vegetables, fruits, fish, and meat that you consume
will generally not contain high amounts of cobalt. Cobalt is an essential element, required for
good health in animals and humans, and therefore, it is important that foodstuffs contain

adequate quantities of cobalt.

9Co and **Co are moderately short-lived, manufactured radioactive isotopes that are produced in
nuclear reactors. Although these isotopes are not produced by nuclear fission, small amounts of
these radioisotopes are also produced by the neutron interaction with the structural materials
found in the reactor of nuclear plants, and are produced during the routine operation of nuclear
plants. Small amounts may be released to the environment as contaminants in cooling water or
in radioactive waste. Since these isotopes are not fission products, they are not produced in
nuclear weapons testing and are not associated with nuclear fallout. In the environment,

radioactive isotopes of cobalt will behave chemically like stable cobalt. However, “°Co and **Co
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will also undergo radioactive decay according to their respective half-lives, 5.27 years and

71 days.

For more information about what happens to cobalt in the environment, see Chapter 6.

1.3 HOW MIGHT | BE EXPOSED TO COBALT?

Cobalt is widely dispersed in the environment in low concentrations. You may be exposed to
small amounts of cobalt by breathing air, drinking water, and eating food containing it. Children
may also be exposed to cobalt by eating dirt. You may also be exposed by skin contact with soil,
water, cobalt alloys, or other substances that contain cobalt. Analytical methods used by
scientists to determine the levels of cobalt in the environment generally do not determine the
specific chemical form of cobalt present. Therefore, we do not always know the chemical form
of cobalt to which a person may be exposed. Similarly, we do not know what forms of cobalt are
present at hazardous waste sites. Some forms of cobalt may be insoluble or so tightly attached to
particles or embedded in minerals that they are not taken up by plants and animals. Other forms

of cobalt that are weakly attached to particles may be taken up by plants and animals.

The concentration of cobalt in soil varies widely, generally ranging from about 1 to 40 ppm

(1 ppm=1 part of cobalt in a million parts of soil by weight), with an average level of 7 ppm.
Soils containing less than about 3 ppm of cobalt are considered cobalt-deficient because plants
growing in them do not have sufficient cobalt to meet the dietary requirements of cattle and
sheep. Such cobalt-deficient soils are found in some areas in the southeast and northeast parts of
the United States. On the other hand, soils near cobalt-containing mineral deposits, mining and
smelting facilities, or industries manufacturing or using cobalt alloys or chemicals may contain

much higher levels of cobalt.

Usually, the air contains very small amounts of cobalt, less than 2 nanograms (1 nanogram=one-

billionth part of a gram) per cubic meter (ng/m’). The amount of cobalt that you breathe in a day
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is much less than what you consume in food and water. You may breathe in higher levels of

cobalt in dust in areas near cobalt-related industries or near certain hazardous waste sites.

The concentration of cobalt in surface and groundwater in the United States is generally low—
between 1 and 10 parts of cobalt in 1 billion parts of water (ppb) in populated areas;
concentration may be hundreds or thousands times higher in areas that are rich in cobalt-
containing minerals or in areas near mining or smelting operations. In most drinking water,

cobalt levels are less than 1-2 ppb.

For most people, food is the largest source of cobalt intake. The average person consumes about
11 micrograms of cobalt a day in their diet. Included in this food is vitamin Bj,, which is found
in meat and diary products. The recommended daily intake of vitamin B, is 6 micrograms

(1 microgram=one-millionth part of a gram).

You may also be exposed to higher levels of cobalt if you work in metal mining, smelting, and
refining, in industries that make or use cutting or grinding tools, or in other industries that
produce or use cobalt metal and cobalt compounds. If good industrial hygiene is practiced, such
as the use of exhaust systems in the workplace, exposure can be reduced to safe levels.

Industrial exposure results mainly from breathing cobalt-containing dust.

When we speak of exposure to ®’Co, we are interested in exposure to the radiation given off by
this isotope, primarily the gamma rays. The general population is rarely exposed to this radiation
unless a person is undergoing radiation therapy. However, workers at nuclear facilities,
irradiation facilities, or nuclear waste storage sites may be exposed to ®*Co or **Co. Exposures to

radiation at these facilities are regulated and carefully monitored and controlled.

You can find more information on how you may be exposed to cobalt in Chapter 6.
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1.4 HOW CAN COBALT ENTER AND LEAVE MY BODY?

Cobalt can enter your body when you breathe in air containing cobalt dust, when you drink water
that contains cobalt, when you eat food that contains cobalt, or when your skin touches materials
that contain cobalt. If you breathe in air that contains cobalt dust, the amount of inhaled cobalt
that stays in your lungs depends on the size of the dust particles. The amount that is then
absorbed into your blood depends on how well the particles dissolve. If the particles dissolve
easily, then it is easier for the cobalt to pass into your blood from the particles in your lungs. If
the particles dissolve slowly, then they will remain in your lungs longer. Some of the particles
will leave your lungs as they normally clean themselves out. Some of the particles will be
swallowed into your stomach. The most likely way you will be exposed to excess cobalt is by
eating contaminated food or drinking contaminated water. Levels of cobalt normally found in
the environment, however, are not high enough to result in excess amounts of cobalt in food or
water. The amount of cobalt that is absorbed into your body from food or water depends on
many things including your state of health, the amount you eat or drink, and the number of days,
weeks, or years you eat foods or drink fluids containing cobalt. If you do not have enough iron
in your body, the body may absorb more cobalt from the foods you eat. Once cobalt enters your
body, it is distributed into all tissues, but mainly into the liver, kidney, and bones. After cobalt is
breathed in or eaten, some of it leaves the body quickly in the feces. The rest is absorbed into the
blood and then into the tissues throughout the body. The absorbed cobalt leaves the body slowly,
mainly in the urine. Studies have shown that cobalt does not readily enter the body through

normal skin, but it can if the skin has been cut.

Further information on how cobalt can enter or leave your body can be found in Chapter 3.

1.5 HOW CAN COBALT 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.
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One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and
released by the body. In the case of a radioactive chemical, it is also important to gather
information concerning the radiation dose and dose rate to the body. For some chemicals,
animal testing may be necessary. Animal testing may also be used to identify health effects such
as cancer or birth defects. Without laboratory animals, scientists would lose a basic method to
get information needed to make wise decisions to protect public health. Scientists have the
responsibility to treat research animals with care and compassion. Laws today protect the

welfare of research animals, and scientists must comply with strict animal care guidelines.

Cobalt has both beneficial and harmful effects on human health. Cobalt is beneficial for humans
because it is part of vitamin B, which is essential to maintain human health. Cobalt

(0.16—-1.0 mg cobalt/kg of body weight) has also been used as a treatment for anemia (less than
normal number of red blood cells), including in pregnant women, because it causes red blood
cells to be produced. Cobalt also increases red blood cell production in healthy people, but only
at very high exposure levels. Cobalt is also essential for the health of various animals, such as
cattle and sheep. Exposure of humans and animals to levels of cobalt normally found in the

environment 1s not harmful.

When too much cobalt is taken into your body, however, harmful health effects can occur.
Workers who breathed air containing 0.038 mg cobalt/m’® (about 100,000 times the concentration
normally found in ambient air) for 6 hours had trouble breathing. Serious effects on the lungs,
including asthma, pneumonia, and wheezing, have been found in people exposed to 0.005 mg
cobalt/m® while working with hard metal, a cobalt-tungsten carbide alloy. People exposed to
0.007 mg cobalt/m’ at work have also developed allergies to cobalt that resulted in asthma and
skin rashes. The general public, however, is not likely to be exposed to the same type or amount

of cobalt dust that caused these effects in workers.

In the 1960s, some breweries added cobalt salts to beer to stabilize the foam (resulting in
exposures of 0.04—0.14 mg cobalt/kg). Some people who drank excessive amounts of beer (8—

25 pints/day) experienced serious effects on the heart. In some cases, these effects resulted in
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death. Nausea and vomiting were usually reported before the effects on the heart were noticed.
Cobalt is no longer added to beer so you will not be exposed from this source. The effects on the
heart, however, may have also been due to the fact that the beer-drinkers had protein-poor diets
and may have already had heart damage from alcohol abuse. Effects on the heart were not seen,
however, in people with anemia treated with up to 1 mg cobalt/kg, or in pregnant women with
anemia treated with 0.6 mg cobalt/kg. Effects on the thyroid were found in people exposed to
0.5 mg cobalt/kg for a few weeks. Vision problems were found in one man following treatment
with 1.3 mg cobalt/kg for 6 weeks, but this effect has not been seen in other human or animal

studies.

Being exposed to radioactive cobalt may be very dangerous to your health. If you come near
radioactive cobalt, cells in your body can become damaged from gamma rays that can penetrate
your entire body, even if you do not touch the radioactive cobalt. Radiation from radioactive
cobalt can also damage cells in your body if you eat, drink, breathe, or touch anything that
contains radioactive cobalt. The amount of damage depends on the amount of radiation to which
you are exposed, which is related to the amount of activity in the radioactive material and the
length of time that you are exposed. Most of the information regarding health effects from
exposure to radiation comes from exposures for only short time periods. The risk of damage
from exposure to very low levels of radiation for long time periods is not known. If you are
exposed to enough radiation, you might experience a reduction in white blood cell number,
which could lower your resistance to infections. Your skin might blister or burn, and you may
lose hair from the exposed areas. This happens to cancer patients treated with large amounts of
radiation to kill cancer. Cells in your reproductive system could become damaged and cause
temporary sterility. Exposure to lower levels of radiation might cause nausea, and higher levels
can cause vomiting, diarrhea, bleeding, coma, and even death. Exposure to radiation can also
cause changes in the genetic materials within cells and may result in the development of some

types of cancer.

Studies in animals suggest that exposure to high amounts of nonradioactive cobalt during

pregnancy might affect the health of the developing fetus. Birth defects, however, have not been
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found in children born to mothers who were treated with cobalt for anemia during pregnancy.
The doses of cobalt used in the animal studies were much higher than the amounts of cobalt to

which humans would normally be exposed.

Nonradioactive cobalt has not been found to cause cancer in humans or in animals following
exposure in the food or water. Cancer has been shown, however, in animals who breathed cobalt
or when cobalt was placed directly into the muscle or under the skin. Based on the animal data,
the International Agency for Research on Cancer (IARC) has determined that cobalt is possibly

carcinogenic to humans.

Much of our knowledge of cobalt toxicity is based on animal studies. Cobalt is essential for the
growth and development of certain animals, such as cows and sheep. Short-term exposure of
rats to high levels of cobalt in the air results in death and lung damage. Longer-term exposure of
rats, guinea pigs, hamsters, and pigs to lower levels of cobalt in the air results in lung damage
and an increase in red blood cells. Short-term exposure of rats to high levels of cobalt in the
food or drinking water results in effects on the blood, liver, kidneys, and heart. Longer-term
exposure of rats, mice, and guinea pigs to lower levels of cobalt in the food or drinking water
results in effects on the same tissues (heart, liver, kidneys, and blood) as well as the testes, and
also causes effects on behavior. Sores were seen on the skin of guinea pigs following skin
contact with cobalt for 18 days. Generally, cobalt compounds that dissolve easily in water are

more harmful than those that are hard to dissolve in water.

Much of what we know about the effects of radioactive cobalt comes from studies in animals.
The greatest danger of radiation seen in animals is the risk to the developing animal, with even
moderate amounts of radiation causing changes in the fetus. High radiation doses in animals
have also been shown to cause temporary or permanent sterility and changes in the lungs, which
affected the animals’ breathing. The blood of exposed animals has lower numbers of white
blood cells, the cells that aid in resistance to infections, and red blood cells, which carry oxygen
in the blood. Radioactive cobalt exposures in animals have also caused genetic damage to cells,

cancer, and even death.
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More information on how cobalt can affect your health can be found in Chapter 3.

1.6 HOW CAN COBALT 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 can be exposed to cobalt in the same ways as adults. In addition, cobalt may be
transferred from the pregnant mother to the fetus or from the mother to the infant in the breast
milk. Children may be affected by cobalt the same ways as adults. Studies in animals have
suggested that children may absorb more cobalt from foods and liquids containing cobalt than
adults. Babies exposed to radiation while in their mother’s womb are believed to be much more

sensitive to the effects of radiation than adults.

1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO COBALT

If your doctor finds that you have been exposed to significant amounts of cobalt, ask whether
your children might also be exposed. Your doctor might need to ask your state health

department to investigate.

Since cobalt is naturally found in the environment, people cannot avoid being exposed to it.
However, the relatively low concentrations present do not warrant any immediate steps to reduce
exposure. If you are accidentally exposed to large amounts of cobalt, consult a physician

immediately.

Children living near waste sites containing cobalt are likely to be exposed to higher
environmental levels of cobalt through breathing, touching soil, and eating contaminated soil.

Some children eat a lot of dirt. You should discourage your children from eating dirt. Make sure
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they wash their hands frequently and before eating. Discourage your children from putting their

hands in their mouths or hand-to-mouth activity.

You are unlikely to be exposed to high levels of radioactive cobalt unless you are exposed as part
of a radiotherapy treatment, there is an accident involving a cobalt sterilization or radiotherapy
unit, or there is an accidental release from a nuclear power plant. In such cases, follow the
advice of public health officials who will publish guidelines for reducing exposure to radioactive
material when necessary. Workers who work near or with radioactive cobalt should follow the
workplace safety guidelines of their institution carefully to reduce the risk of accidental

irradiation.

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

We have reliable tests that can measure cobalt in the urine and the blood for periods up to a
few days after exposure. The amount of cobalt in your blood or urine can be used to estimate
how much cobalt you had taken into your body. The tests are not able to accurately predict

potential health effects following exposure to cobalt.

It is difficult to determine whether a person has been exposed only to external radiation from
radioactive cobalt unless the radiation dose was rather large. Health professionals examining
people who have health problems similar to those resulting from radiation exposure would need
to rely on additional information in order to establish if such people had been near a source of
radioactivity. It is relatively easy to determine whether a person has been internally exposed to
radioactive cobalt, as discussed in Chapter 7. More information on medical tests can be found in

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 Environmental Protection Agency (EPA), the Occupational Safety and
Health Administration (OSHA), the Food and Drug Administration (FDA), and the U.S. Nuclear
Regulatory Commission (USNRC).

Recommendations provide valuable guidelines to protect public health but cannot be enforced by
law. Federal organizations that develop recommendations for toxic substances include the
Agency for Toxic Substances and Disease Registry (ATSDR), the National Institute for
Occupational Safety and Health (NIOSH), and the FDA.

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

studies, or other factors.

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

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

EPA requires that the federal government be notified if more than 1,000 pounds of cobalt (as the
bromide, formate, and sulfamate compounds) are released into the environment in a 24-hour
period. OSHA regulates levels of nonradioactive cobalt in workplace air. The limit for an
8-hour workday, 40-hour workweek is an average of 0.1 mg/m’. The USNRC and the
Department of Energy (DOE) regulate occupational exposures as well as exposures of the

general public to radioactive cobalt.
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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, your regional Nuclear Regulatory Commission office, or

contact ATSDR at the address and phone number below.

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

hazardous substances.

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM. You
may request a copy of the ATSDR ToxProfiles CD-ROM by calling the information and
technical assistance toll-free number at 1-888-42ATSDR (1-888-422-8737), by email at

atsdric@cdc.gov, or by writing to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE

Mailstop F-32

Atlanta, GA 30333

Fax: 1-770-488-4178

For-profit organizations may request a copy of final profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
Web site: http://www.ntis.gov/
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21 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO COBALT IN THE UNITED
STATES

Cobalt is a naturally-occurring element that has properties similar to those of iron and nickel. The largest
use of metallic cobalt is in superalloys that are used in gas turbine aircraft engines. Cobalt compounds are
used as pigments in glass, ceramics, and paints; as catalysts in the petroleum industry; as paint driers; and

as trace element additives in agriculture and medicine.

Cobalt may be released to the environment by human activities, as well by weathering of rocks and soil.
The primary anthropogenic sources of cobalt in the environment are from the burning of fossil fuels,
application of cobalt-containing sludge or phosphate fertilizers, mining and smelting of cobalt-containing
ores, processing of cobalt-containing alloys, and industries that use or process cobalt compounds. Cobalt
released to the atmosphere is deposited onto soil or water surfaces by wet and dry deposition. In soils,
cobalt generally has low mobility and strong adsorption. However its mobility increases in moist, acidic
soils. In water, cobalt largely partitions to sediment and to suspended solids in the water column;

however, the amount that is adsorbed to suspended solids is highly variable.

Exposure of the general population to cobalt occurs through inhalation of ambient air and ingestion of
food and drinking water. In general, intake from food sources is much greater than from drinking water
and air. The cobalt intake in food has been estimated to be 5.0—40.0 pg/day. Occupational exposure to
cobalt occurs for workers in the hard metal industry (tool production, grinding, etc.) and in industries such
as coal mining, metal mining, smelting and refining, cobalt dye painters, and the cobalt chemical
production industry. The concentrations of cobalt in the air of hard metal manufacturing, welding, and
grinding factories may range from 1 to 300 pg/m®, compared to normal atmospheric levels of 0.4—

2.0 ng/m’.

While there is only one stable isotope of cobalt, ’Co, there are many radioactive isotopes of cobalt. Of
these radioactive isotopes, two are commercially important, “’Co and *’Co. “Co is produced by
irradiating *Co with thermal neutrons in a nuclear reactor, and is used as a source of gamma rays for

sterilizing medical equipment or consumer products, food irradiation, radiation therapy for treating cancer
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patients, and for manufacturing plastics. The general population is not significantly exposed to
radioactive forms of cobalt. Cancer patients being treated with radiation therapy may be exposed to
gamma rays from a “’Co source; however, the effects of external exposure to gamma radiation is not
unique to ®Co, but is similar for all gamma-emitting radionuclides. Workers at nuclear facilities and

nuclear waste storage sites may be exposed to potentially high levels of radioactive cobalt.

2.2 SUMMARY OF HEALTH EFFECTS

As a component of cyanocobalmin (vitamin By;), cobalt is essential in the body; the Recommended
Dietary Allowance of vitamin By, is 2.4 pg/day, which contains 0.1 pg of cobalt. Cobalt has been

identified in most tissues of the body, with the highest concentrations found in the liver.

Following inhalation exposure to cobalt-containing particles, the primary target of exposure is the
respiratory tract. Occupational exposure of humans to cobalt metal or cobalt-containing hard metal have
reported primarily respiratory effects, including decreased pulmonary function, asthma, interstitial lung
disease, wheezing, and dyspnea; these effects were reported at occupational exposure levels ranging from
0.015-0.13 mg Co/m’. Animal studies have further identified respiratory tract hyperplasia, pulmonary
fibrosis, and emphysema as sensitive effects of inhaled cobalt on respiratory tissues. Many of the
respiratory tract effects are believed to be the result of the generation of oxidants and free radicals by the
cobalt ion. In particular, hard metal (a tungsten carbide/cobalt alloy) is a potent generator of free
electrons, resulting in the generation of active oxygen species. However, some of the respiratory effects,

such as cobalt-induced asthma, are likely the result of immunosensitization to cobalt.

Other sensitive targets of cobalt inhalation in humans include effects on the thyroid and allergic
dermatitis, manifesting as eczema and erythema,; it is believed that the allergic dermatitis is due, at least in

part, to concurrent dermal exposure and the development of immunosensitization to cobalt.

Adequate chronic studies of the oral toxicity of cobalt or cobalt compounds in humans and animals are
not presently available. The most sensitive endpoint following oral exposure to cobalt in humans appears
to be an increase in erythrocyte numbers (polycythemia). This effect has been observed in both normal
subjects and in patients who were anemic as a result of being anephric. However, treatment of pregnant

women with cobalt did not prevent the reduction in hematocrit and hemoglobin levels often found during
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pregnancy. Exposure of humans to beer containing cobalt as a foam stabilizer resulted in severe effects
on the cardiovascular system, including cardiomyopathy and death, as well as gastrointestinal effects
(nausea, vomiting) and hepatic necrosis. However, the subjects in these studies were alcoholics, and it is
not known what effect excessive alcohol consumption may have played in the development of the

observed effects.

Following dermal exposure, the most commonly observed effect is dermatitis, as demonstrated by a large
number of human studies. Using patch tests and intradermal injections, it has been demonstrated that the

dermatitis is probably caused by an allergic reaction to cobalt, with the cobalt ion functioning as a hapten.

Available studies of the carcinogenic effects of cobalt in occupationally-exposed humans have reported
mixed results, with both positive and negative results. Lifetime inhalation of cobalt sulfate resulted in
increased tumor incidences in both rats and mice; NTP reported that there was some evidence of
carcinogenicity in male Fischer 344 (F344) strain rats, and clear evidence of carcinogenicity in female
F344 strain rats and male and female B6C3F1 strain mice following inhalation exposure. Oral data on the
carcinogenic effects of cobalt and cobalt compounds are not available. IRIS does not report a cancer
classification for cobalt or cobalt compounds. IARC has classified cobalt and cobalt compounds as

possibly carcinogenic to humans (Group 2B).

A more detailed discussion of the health effects of cobalt and cobalt compounds is presented in Chapter 3.

An enhanced discussion of sensitive end points of stable cobalt toxicity is presented below.

Respiratory Effects. The primary effects of cobalt on respiratory tissues are seen following
inhalation exposure, and include diminished pulmonary function, increased frequency of cough,
respiratory inflammation, and fibrosis; reported effect levels in occupationally-exposed humans have
ranged from 0.015-0.13 mg Co/m’. Animal studies have further identified respiratory tract hyperplasia,
pulmonary fibrosis, and emphysema as sensitive effects of cobalt on respiratory tissues. A number of
these effects are believed to be the result of the generation of oxidants and free radicals by the cobalt ion.
In vitro exposure to soluble cobalt increases indices of oxidative stress, including diminished levels of
reduced glutathione, increased levels of oxidized glutathione, activation of the hexose monophosphate
shunt, and free-radical-induced DNA damage. Cobalt exposure also results in sensitization of the
immune system, which may result in asthmatic attacks following inhalation of cobalt in sensitized

individuals.
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Hard metal is a metal alloy with a tungsten carbide and cobalt matrix. It is used to make cutting tools
because of its hardness and resistance to high temperature. Exposure to hard metal has been shown in a
number of studies to cause respiratory effects, including respiratory irritation, diminished pulmonary
function, asthma, and fibrosis, at exposure levels lower than those that would produce similar effects
following exposure to cobalt metal alone (0.007-0.14 mg Co/m®). Studies suggest that cobalt and not
tungsten carbide is the probable causative agent for the respiratory effects observed in hard metal workers
(see Section 3.5). A mechanism by which hard metal may exert its effects has been proposed by a group
of Belgian researchers. In this proposed mechanism, tungsten carbide, which is a very good conductor of
electrons, facilitates the oxidation of cobalt metal to ionic cobalt (presumably Co?*) by transferring
electrons from the cobalt atom to molecular oxygen adjacent to the tungsten carbide molecule. The result
is an increased solubility of cobalt, relative to cobalt metal alone, and the generation of active oxygen
species. In vitro evidence for this mechanism includes the ability of hard metal particles, but neither
cobalt nor tungsten carbide alone at the same concentrations, to generate oxidant species and cause lipid
peroxidation. Hard metal particles have also been shown to increase the levels of inducible nitric oxide

synthase (iNOS), a gene responsive to oxidant stress.

Hematological Effects. Exposure to cobalt and cobalt compounds has been demonstrated to increase
levels of erythrocytes and hemoglobin in both humans and animals. Davis and Fields reported increased
(~16-20%) erythrocyte levels in six of six healthy men exposed orally to cobalt chloride (~1 mg Co/kg-
day); erythrocyte counts returned to normal 9-15 days after cessation of cobalt administration. Increased
levels of erythrocytes were also found following oral treatment of anephric patients (with resulting
anemia) with cobalt chloride. The increase in hemoglobin resulted in a decreased need for blood
transfusions. Treatment of pregnant women for 90 days with cobalt chloride, however, did not prevent

the reduction in hematocrit and hemoglobin levels often found during pregnancy.

Increased levels of hemoglobin were observed in rats and guinea pigs, but not in dogs, exposed to cobalt
hydrocarbonyl by inhalation. Polycythemia was reported in rats, but not mice, exposed to airborne cobalt
sulfate. Significantly increased erythrocyte (polycythemia), hematocrit, and hemoglobin levels were
found in animals treated orally with cobalt as either a single dose or with longer-term exposure. Of
particular note is an 8-week study in rats, which reported dose- and time-related increases in erythrocyte

number following oral administration of cobalt chloride.
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The mechanisms regarding cobalt-induced polycythemia are not well understood. Cobalt is thought to
inhibit heme synthesis in vivo by acting upon at least two different sites in the biosynthetic pathway. This
inhibitory activity might result in the formation of cobalt protoporphyrin rather than heme. Cobalt
treatment also stimulates heme oxidation in many organs, due to the induction of heme oxygenase.
Conversely, cobalt acts, through a mechanism believed to involve a heme-containing protein, to increase
erythropoietin, which stimulates the production of red blood cells. The regulatory mechanisms behind

this apparent dichotomy have not been fully elucidated.

Cardiac Effects. Cardiomyopathy has been reported in both humans and animals following exposure
to cobalt. Occupational exposure of humans to cobalt-containing dust, either as cobalt metal or as hard
metal, is believed to result in cardiomyopathy characterized by functional effects on the ventricles and
enlargement of the heart, but the exposure levels associated with cardiac effects of inhaled cobalt in
humans have not been determined. Rats exposed to 11.4 mg Co/m? for 13 weeks developed a mild
cardiomyopathy; however, rats and mice exposed to 1.14 mg Co/m® for 2 years showed no signs of

cardiomyopathy.

Beer-cobalt cardiomyopathy was observed in people who heavily consumed beer that contained cobalt
sulfate as a foam stabilizer. The beer drinkers ingested an average of 0.04 mg Co/kg/day to 0.14 mg
Col/kg/day for a period of years. The cardiomyopathy was characterized by sinus tachycardia, left
ventricular failure, cardiogenic shock, diminished myocardial compliance, absence of a myocardial
response to exercise or catecholamine, enlarged heart, pericardial effusion, and extensive intracellular
changes (changes in the myofibers, mitochondria, glycogen, and lipids). The beer-cobalt cardiomyopathy
appeared to be similar to alcoholic cardiomyopathy and beriberi, but the onset of beer-cobalt
cardiomyopathy was very abrupt. It should be noted, however, that the cardiomyopathy may have also
been due to the fact that the beer-drinkers had protein-poor diets and may have had prior cardiac damage
from alcohol abuse. Studies in animals, and limited human data, have supported this possibility, as much

greater oral exposure levels (on the order of 8-30 mg Co/kg-day) are necessary to induce cardiac effects.

The mechanism for cobalt-induced cardiomyopathy is not presently understood. Exposure to cobalt may
result in accumulation in cardiac tissues, and is thought to stimulate carotid-body chemoreceptors,
mimicking the action of hypoxia. Microscopic analysis of the hearts of those with beer-cobalt
cardiomyopathy revealed fragmentation and degeneration of myofibers and aggregates of abnormal

mitochondria. These mitochondrial changes are indicative of disturbances in energy production or
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utilization may possibly be related to cobalt effects on lipoic acid. Cobalt irreversibly chelates lipoic
acids under aerobic conditions. Lipoic acid is a required cofactor for oxidative decarboxylation of
pyruvate to acetyl CoA and of a-ketoglutarate to succinate. In the myocardium of rats treated with cobalt,
oxidation of pyruvate or fatty acids is impaired. However, the relative contribution of these mechanisms

to the cardiac effects of cobalt has not been determined.

Dermal Effects. Dermatitis is a common result of dermal exposure to cobalt in humans. Using patch
tests and intradermal injections, it has been demonstrated that the dermatitis is probably caused by an
allergic reaction to cobalt. Exposure levels associated with the development of dermatitis have not been
identified. It appears that cobalt metal may be a more potent allergen than some cobalt salts, as Nielsen et
al. demonstrated that daily repeated exposure to aqueous cobalt salts did not result in hand eczema in
patients known to have cobalt allergy. In animals, scabs and denuded areas were found after six doses of
51.75 mg Co/kg (5 days/week) as dicobalt octacarbonyl were applied to the shaved abdomens (uncovered
area of approximately 50 cm®) of guinea pigs. By the 11th dose, the lesions disappeared. No adverse
effects were observed in vehicle controls (methyl ethyl ketone). It is not known whether or not a similar

reaction would result from metallic or inorganic forms of cobalt.

Immunological Effects. Exposure of humans to cobalt by the inhalation and dermal routes has
resulted in sensitization to cobalt. Exposure to inhaled cobalt chloride aerosols can precipitate an
asthmatic attack in sensitized individuals, believed to be the result of an allergic reaction within the lungs.
Similarly, the dermatitis seen in dermally-exposed subjects is likely the result of an allergic reaction, with
cobalt functioning as a hapten. IgE and IgA antibodies specific to cobalt have been reported in humans.
There is evidence that cobalt sensitivity in humans may also be regulated by T-lymphocytes; a human
helper T-lymphocyte cell line specific for cobalt (CoCl,) has been established. Cobalt may also interact
directly with immunologic proteins, such as antibodies or Fc receptors, to result in immunosensitization.
In vitro, cobalt(IIT) has been shown to reduce the proliferation of both B and T lymphocytes, as well as
the release of the cytokines IL-2, IL-6, and IFN-Gamma. Interrelationships exist between nickel and

cobalt sensitization, with cross-reactivity between the two having been reported in several studies.

Radioactive Cobalt. Exposure to radioisotopes of cobalt is also a human health concern. Energy released
by radioactive isotopes can result in significant damage to living cells. Both “°Co and *’Co emit beta
particles and gamma rays, which may ionize molecules within cells penetrated by these emissions and

result in tissue damage and disruption of cellular function. The most important exposure route for
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radioisotopes of cobalt is external exposure to the radiation released by the radioisotopes. It should be
noted that there is nothing unique about the effects of external exposure to “’Co and *’Co when compared

to other gamma- and beta-emitting radionuclides.

Generally, acute radiation doses below 15 rad (0.15 Gy) do not result in observable adverse health effects.
At doses in the range of 15-50 rad (0.15-0.5 Gy), subclinical responses such as chromosomal breaks and
transient changes in formed elements of the blood may be seen in sensitive individuals. Symptoms of
acute radiation syndrome begin to be observed at radiation doses above 50 rad, characterized by transient
hematopoietic manifestations, nausea and vomiting, and moderate leukopenia at doses near 100 rad

(1 Gy), progressing through more serious hematopoietic symptoms, clinical signs, and gastrointestinal
symptoms with increasing dose (100—800 rad or 1-8 Gy), and usually death in persons receiving total
doses >1,000 rad (10 Gy). Other health effects from acute or continued high-level exposure to ionizing

radiation may include reproductive, developmental, and latent cancer effects.

Signs and symptoms of acute toxicity from external and internal exposure to high levels of radiation from
9Co and *'Co are typical of those observed in cases of high exposure to ionizing radiation in general.
Depending on the radiation dose, symptoms may include those typical of acute radiation syndrome
(vomiting, nausea, and diarrhea), skin and ocular lesions, neurological signs, chromosomal abnormalities,

compromised immune function, and death.

Acute or repeated exposure of humans or animals to ionizing radiation (from radioisotopes of cobalt or
other radioactive elements) may result in reduced male fertility, abnormal neurological development
following exposure during critical stages of fetal development, and genotoxic effects such as increased

frequencies of chromosomal aberrations, sister-chromatid exchanges, and micronucleus formation.

Due to the ionizing properties of radionuclides such as “°Co and *’Co, increased cancer risk would be
expected among exposed individuals. However, studies of increased cancer risk specifically associated
with exposure of humans to radioactive cobalt isotopes were not located. Similarly, studies of the

carcinogenic effects of radioactive cobalt isotopes in animals were not located.
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2.3 MINIMAL RISK LEVELS (MRLS)

Inhalation MRLs

e An MRL of 0.0001 mg cobalt/m® has been derived for chronic-duration inhalation exposure
(>365 days) to cobalt.

An MRL for inhalation exposure to cobalt was derived for chronic duration only. The chronic inhalation
MRL of 0.0001 mg cobalt/m*® was based on a no-observed-adverse-effect-level (NOAEL) of 0.0053 mg
cobalt/m® and a LOAEL of 0.0151 mg cobalt/m® (both NOAEL and LOAEL values were adjusted for
continuous exposure prior to MRL derivation) for decreases in forced vital capacity (FVC), forced
expiratory volume in one second (FEV,), forced expiratory flow between 25 and 75% of the FVC
(MMEF), and mean peak expiratory flow rate (PEF) in diamond polishers (Nemery et al. 1992); a further

discussion of the results and limitations of this study is presented in Appendix A.

The National Toxicology Program (NTP) has conducted a chronic-duration carcinogenicity study in rats
and mice. Exposure of rats and mice to aerosols of cobalt (as cobalt sulfate) at concentrations ranging
from 0.11 to 1.14 mg cobalt/m® for 2 years resulted in a spectrum of inflammatory, fibrotic, and
proliferative lesions in the respiratory tract of male and female rats and mice (NTP 1998). Squamous
metaplasia of the larynx occurred in rats and mice at exposure concentrations of 0.11 mg cobalt/m?, with
severity of the lesion increasing with increased exposure concentration. Hyperplastic lesions of the nasal
epithelium occurred in rats at concentrations of 0.11 mg cobalt/m?, and in mice at concentrations of

0.38 mg cobalt/m®. Both sexes of rats had greatly increased incidences (>90% incidence) of alveolar
lesions at all exposure levels, including inflammatory changes, fibrosis, and metaplasia. Similar changes
were seen in mice at all exposure levels, though the changes in mice were less severe. The study in
diamond polishers, being a well-conducted study in humans, was selected as the critical study for the
derivation of a MRL because it examined a human population and identified a NOAEL, neither of which
occurred in the NTP study. The chronic inhalation MRL was derived by adjusting the NOAEL of
0.0053 mg Co/m? for intermittent exposure (adjusted to 0.0013 mg/m? to simulate continuous exposure),
and applying an uncertainty factor of 10 (for human variability). It should be noted that this MRL may

not be protective for individuals already sensitive to cobalt.

An acute inhalation MRL was not derived because the threshold was not defined for human effects and

animal studies reported effects that were serious and occurred at levels above those reported in the few
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human studies. An acute-duration study of hard metal exposure in humans (Kusaka et al. 1986b) was not
utilized for MRL derivation because the toxicity of hard metal is not directly due to cobalt metal, but
rather to an interaction between cobalt metal and tungsten carbide. An intermediate-duration MRL was
not derived because available studies did not examine the dose-response relationship at low doses; the

chronic inhalation MRL should be protective for intermediate exposures (see Appendix A).

Oral MRLs

e An MRL of 0.01 mg Co/kg-day has been derived for intermediate-duration oral exposure
(<365 days) to cobalt.

An intermediate-duration MRL of 0.01 mg Co/kg/day was derived based on a LOAEL of 1 mg cobalt/kg-
day for polycythemia as reported in a study by Davis and Fields (1958). The authors exposed six men to
120 or 150 mg/day of cobalt chloride (~1 mg Co/kg/day) for up to 22 days. Exposure to cobalt resulted in
the development of polycythemia in all six patients, with increases in red blood cell numbers ranging
from 0.5 to 1.19 million (~16—-20% increase above pre-treatment levels). Polycythemic erythrocyte
counts returned to normal 9-15 days after cessation of cobalt administration. An 8-week study in rats
(Stanley et al. 1947) also reported increases in erythrocyte number, with a no-observed-effect-level
(NOEL) of 0.6 mg/kg-day and a lowest-observed-effect-level (LOEL) of 1 mg/kg/day. The intermediate
oral MRL was derived by dividing the LOAEL of 1 mg Co/kg-day by an uncertainty factor of 100 (10 for
use of a LOAEL and 10 for human variability).

Oral MRL values were not derived for acute or chronic exposure to cobalt. An acute MRL was not
derived because the reported effects in animals were serious and occurred at levels above those reported
in the few human oral studies. No chronic oral studies were available in animals; the chronic studies of
beer-cobalt cardiomyopathy (Alexander 1969, 1972; Bonenfant et al. 1969; Morin et al. 1967, 1971;
Sullivan et al. 1969) were not used because the effects were serious (death) and because the effects of

concurrent alcoholism were not controlled for. Therefore, a chronic oral MRL was not derived for cobalt.

MRLs for External Exposure to Cobalt Isotopes

Two MRLs have been derived for ionizing radiation (Agency for Toxic Substances and Disease Registry

1999) and are applicable to external exposure to radioisotopes of cobalt:
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¢ An MRL of 400 mrem (4.0 mSv) has been derived for acute-duration external exposure to
ionizing radiation (14 days or less).

The acute MRL is based on results of a study by Schull et al. (1988) in which neurological effects of
radiation, measured by intelligence test scores, were evaluated in children 10-11 years of age who had
been exposed at critical stages of fetal development (gestation weeks 8—15) during the atomic bombing of
Hiroshima and Nagasaki. When 1Q scores were regressed on radiation dose estimates, 1Q diminished
linearly with increasing dose, resulting in an estimated decrease in 1Q score of approximately 25 points
per 100 rad (or 100 rem in dose equivalent) or 0.25 points/rem (25 points/Sv). To derive the MRL of
400 mrem (4.0 mSv), Agency for Toxic Substances and Disease Registry (1999) divided the dose
associated with a predicted change of 0.25 IQ points/rem by an uncertainty factor of 3 (for human
variability and/or the potential existence of sensitive populations). Agency for Toxic Substances and
Disease Registry (1999) noted that a change in 1Q points of 0.25 is less than the reported difference of

0.3 1Q points between separated and unseparated identical twins (Burt 1966).

The USNRC set a radiation exposure limit of 500 mrem (5 mSv) for pregnant working women over the
full gestational period (USNRC 1991). For the critical gestational period of 8-15 weeks, Agency for
Toxic Substances and Disease Registry believes that the acute MRL of 400 mrem (4 mSv) is consistent
with the USNRC limit and could be applied to either acute (0-14-day) or intermediate (15-365-day)

exposure periods.

« An MRL of 100 mrem/year (1.0 mSv/year) above background has been derived for chronic-
duration external ionizing radiation (365 days or more).
The MRL is based on the BEIR V (1990) report that the average annual effective dose of ionizing
radiation to the U.S. population is 360 mrem/year (3.6 mSv/year), a dose not expected to produce adverse
noncancerous health effects. This dose is obtained mainly by naturally-occurring radiation from external
sources, medical uses of radiation, and radiation from consumer products. An uncertainty factor of 3 (for

human variability) was applied to the NOAEL of 360 mrem/year to derive the MRL of 100 mrem/year.
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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 cobalt. 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.
Section 3.2 contains a discussion of the chemical toxicity of stable cobalt; radiation toxicity associated
with exposure to radioactive cobalt (primarily “’Co) is discussed in Section 3.3. The chemical properties

of stable and radioactive cobalt isotopes are identical and are described in Chapter 4.

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

Section 3.2 discusses the chemical toxicity of stable cobalt. Radiation toxicity resulting from exposure to

radioactive cobalt is discussed in Section 3.3.

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

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

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-
observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress

or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
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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. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

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

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

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for cobalt. An MRL is defined as an estimate of daily human exposure to a substance that is likely
to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of
exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of
effect or the most sensitive health effect(s) for a specific duration within a given route of exposure.

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can
be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.

Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
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bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

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

Studies have shown that soluble cobalt compounds are generally more acutely toxic than insoluble cobalt
compounds. When expressed in terms of the cobalt ion for the sake of comparison, however, the
differences in lethality values from the available studies are within an order of magnitude and therefore do
not warrant presentation in separate LSE tables and figures. Therefore, data regarding both soluble and

insoluble cobalt compounds are presented in Tables 3-1, 3-2, and 3-3.

3.2.1 Inhalation Exposure

3.2.1.1 Death

Conclusive evidence for human deaths related to inhalation exposure to cobalt has not been reported;
however, results of several studies and case reports suggest a possible relationship between exposure and

deaths from lung cancer and cardiomyopathy, respectively.

In general, available cohort studies in humans have not reported a significant increase in total mortality as
a result of cobalt exposure. Several studies have noted increased mortality rates resulting from lung
cancer following occupational exposure to cobalt, either as a mixture of cobalt compounds (Mur et al.
1987) or as hard metal, a metal alloy with a tungsten carbide and cobalt matrix (Lasfargues et al. 1994;
Moulin et al. 1998). Fatal cases of hard metal disease (Figueroa et al. 1992; Ruokonen et al. 1996) and
cardiomyopathy (Barborik and Dusek 1972) believed to have resulted from occupational cobalt exposure
have also been reported. However, in the majority of these and other reported occupational studies, co-

exposure to other substances was common, and was unable to be corrected for in the analysis.

Cobalt inhalation can be lethal in animals if exposure is sufficiently high or prolonged. The acute
LC for a 30-minute inhalation exposure in rats was 165 mg cobalt/m’ as cobalt hydrocarbonyl (Palmes

et al. 1959). Exposure to 9 mg cobalt/m’ as cobalt hydrocarbonyl for 6 hours/day, 5 days/week for
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3 months resulted in 16 deaths out of 75 rats (Palmes et al. 1959). Death was reported in rats and mice
exposed to 19 mg cobalt/m’ (but not 1.9 mg cobalt/m’) as cobalt sulfate over 16 days, but exposure to
11.4 mg cobalt/m’ over 13 weeks was lethal only to mice and not to rats (Bucher et al. 1990; NTP 1991).
Exposure to 1.14 mg cobalt/m’ as cobalt sulfate for 104 weeks resulted in no increase in mortality in rats
and mice of either sex (Bucher et al. 1999; NTP 1998). Lethal levels for each species and duration
category are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.1.2 Systemic Effects

No data were located regarding dermal effects in humans or animals after inhalation exposure to stable
cobalt. Inhalation of stable cobalt by humans and/or animals resulted in respiratory, cardiovascular,
hematological, hepatic, renal, endocrine, ocular, and body weight effects. For each effect, the highest
NOAEL values and all reliable LOAEL values for each species and duration category are reported in
Table 3-1 and plotted in Figure 3-1.

Respiratory Effects. Hard metal is a metal alloy with a tungsten carbide and cobalt matrix. It is used to
make cutting tools because of its hardness and resistance to high temperature. Studies (Davison et al.
1983; Harding 1950) suggest that cobalt (and not tungsten carbide) is the probable causative agent for the

respiratory effects observed in hard metal workers (see Section 3.6).

The effects of chronic occupational exposure to cobalt and cobalt compounds on the respiratory system in
humans are well-documented. These effects include respiratory irritation, diminished pulmonary
function, wheezing, asthma, pneumonia, and fibrosis and occurred at exposure levels ranging from

0.007 to 0.893 mg cobalt/m’ (exposure from 2 to 17 years) (Anttila et al. 1986; Davison et al. 1983;
Demedsts et al. 1984a, 1984b; Deng et al. 1991; Gennart and Lauwerys 1990; Gheysens et al. 1985;
Hahtola et al. 2000; Hartung et al. 1982; Kusaka et al. 1986a, 1986b, 1996a, 1996b; Nemery et al. 1992;
Raffn et al. 1988; Rastogi et al. 1991; Ruokonen et al. 1996; Shirakawa et al. 1988, 1989; Sprince et al.
1988; Sundaram et al. 2001; Swennen et al. 1993; Tabatowski et al. 1988; Van Cutsem et al. 1987,
Zanelli et al. 1994). These effects have been observed in workers employed in cobalt refineries, as well

as hard metal workers, diamond polishers, and ceramic dish painters (painting with cobalt blue dye).



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
ACUTE EXPOSURE
Systemic
1 Human 6 hr o Kusaka et al. 1986b
Resp 0.038 (bronchial irritation, reduced
FVC) Hard Metal
2 Rat 5 hr Kyono et al. 1992
Resp 2.72
SD-Jcl Metal
3 Rat 4d ) . Kyono et al. 1992
Resp 2.12 M (Slight damage to respiratory
SD-Jel tissues, assessed by electron Metal
microscopy)
4 Rat 30 min Palmes et al. 1959
Resp 7 26 (edema) 83 (severe edema)
Hydrocarbonyl
INTERMEDIATE EXPOSURE
Death
16 d 5 d/wk 6 hr/d NTP 1991
5 Rat 1.9 19 (2/5 males died)
Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
13 wk 5 d/wk 6 hr/d NTP 1991
6 Mouse 38 114 (2 males died)
Sulfate
Systemic
7 Rat 13 wk 5 d/wk 6 hr/d ' ' o . NTP 1991
Resp 0.11  (laryngial squamous metaplasia 0.38  (chronic inflammation of larynx)
and polyps) Sulfate
Cardio 11.4  (increase in severity of
cardiomyopathy)
b
Hemato 1.14 M (polycythemia)
Renal 1.4
Bd Wt 11.4  (15% lower body weight in
males)
8 Rat 3 mo 5 d/wk 7 h/d . Palmes et al. 1959
Resp 9  (lung inflamm)
Hydrocarbonyl
b
Hemato 9  (10% increase in hemoglobin)
Bd Wt 9

S103443 H1TV3IH '€

17va02

[4>



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

a
Key to Species

Exposure/ LOAEL

Duration/

Frequency NOAEL Less Serious Serious
(Specific Route)

Reference

figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
° Mouse 1605 diwk & hrid Resp 0.2 1.9 (respiratory tract inflammation) 19  (necrosis) NTP 1991
Sulfate

Cardio 76

Gastro 76

Musc/skel 76

Hepatic 19  (necrosis)

Renal 76

Dermal 76
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
10 Mouse 13 wk 5 d/wk 6 hr/d _ NTP 1991
Resp 0.11  (larynx metaplasia) 3.8 M (acute inflam of nose)
Sulfate
C
1.14 F (acute inflam of nose)
Gastro 11.4
Hemato 11.4
w
Musc/skel 11.4 %
>
Z
T
Hepatic 11.4 m
m
T
m
Renal 11.4 3]
»
Dermal 11.4
Bd Wt 11.4  (13-20% decrease in body
weight)
i 66 d Camner et al. 1993
T Gn Pig Resp 2.4 F (Increased lung weight, )
(Hartley) increased retention of lavage ~ Chloride

fluid)

1%



Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

a
Key to Species

Exposure/ LOAEL

Duration/

Frequency NOAEL Less Serious Serious
(Specific Route)

Reference

figure (Strain) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
12 Gn Pig 3 mo 5 d/wk 7 h/d b . . . Palmes et al. 1959
Hemato 9 (5% increase in hemoglobin)
Hydrocarbonyl
13 Dog 3 mo 3d/wk 7h/d Palmes et al. 1959
Hemato 9
Hydrocarbonyl
Bd Wt 9 (wtloss)
14 Rabbit 4 mo 5 d/wk 6 h/d ) ) . . Johansson et al. 1987
Resp 0.4 (moderate lung inflammation) 2 (severe lung inflammation)
15 Rabbit 4 mo Johansson et al. 1991
Resp 05M .
Chloride
16 Rabbit 4 mo . . . . Johansson et al. 1992
Resp 0.6 M (Histologic alterations in .
pulmonary tissue; altered BAL Chloride
parameters)
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

17

18

19

20

21

Pig 3 mo 5d/wk 6hr/d
Resp 0.1
Cardio 0.1
Hepatic 1
Renal 1
Bd Wt 0.1
Immuno/ Lymphoret
Rat 16 d 5 d/wk 6 hr/d 19
Mouse 13 wk 5 d/wk 6 hr/d
114
Neurological
Rat 16 d 5 d/wk 6 hr/d 19
Mouse 16 d 5 d/wk 6 hr/d 19

(decr compliance)

(EKG changes)

(decr wt gain)

(necrosis of thymus)

(lymph node hyperplasia)

(congestion of vessels in brain)

(congestion of vessels in brain)

Kerfoot 1975
Metal

NTP 1991
Sulfate

NTP 1991
Sulfate

NTP 1991
Sulfate

NTP 1991
Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

Reproductive

16 d 5 d/wk 6 hr/d NTP 1991
22 Rat 19 M (testes atrophy)

Sulfate
23 Mouse 13 wk 5 d/wk 6 hr/d 3 ' NTP 1991
1.14 M (decreased sperm motility) 11.4  (testes atrophy- increased
length estrous cycle) Sulfate
CHRONIC EXPOSURE
Systemic
24 Human occup Deng et al. 1991
Resp 0.0175
(occup) Metal
25 Human occup Gennart and Lauwerys 1990
Resp 0.1355 (Decreased FEV1 and FVC
(occup) ~10%; increased cough, Hard-Metal
sputum, dyspnea)
26 Human occup d Nemery et al. 1992
Resp 0.0053 0.0151  (Decreased FEV1, FVC
(oceup) increased cough and upper Metal
airway irritation)
27 Human occup . Prescott et al. 1992
Endocr 0.05 F (Decreased thyroid volume; . .
(occup) increases in T4 and FT4I levels) Zinc-Silicate Dye

17va02
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
occu Shirakawa et al. 1988
28 Human p Resp 0.007  (asthma)
Hard Metal
occu Sprince et al. 1988
29 Human p Resp 0.051  (interst lung dis) et
Hard Metal
30 Human 8yr ) Swennen et al. 1993
Resp 0.125 (Dyspnoea and wheezing)
(occup) Metal
Hemato 0.125 (Decreased red cell counts
~5%; decreased total
hemoglobin ~4%)
Endocr 0.125 (Slight (~7%) decrease in T3
levels)
Dermal 0.125 (Eczema and erythema)
104 wk NTP 1998
3 Ra.t Resp 0.11  (Hyper- and metaplasia of
(Fischer- 344) respiratory tract tissues; Sulfate
pulmonary fibrosis)
32 Mouse 104 wk N 01 (L ial metaplasia) NTP 1998
es . aryngial metaplasia
(B6C3F1) P yne P Sulfate
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form
33 Hamster life 5d/wk 7h/d Wehner et al. 1977
Resp 7.9 (emphysema)
Oxide
Bd Wt 7.9

Immuno/ Lymphoret

34 Human occup o Shirakawa et al. 1986a
0.007 (sensitization)

Hard Metal
35 Human 8yr ) Swennen et al. 1993
0.125 (Increased white cell count by
(occup) 19%) Metal
Cancer

104 wk NTP 1998

36 R?t W 1.14 M (alveoloar/bronchiolar

(FlSCher- 344) neop|asms) Sulfate

1.14 F (pheochromocytoma)

0.38 F (alveoloar/bronchiolar
neoplasms)
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Table 3-1 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (mg/m?) (mg/m?) (mg/m?) Chemical Form

104 wk NTP 1998
37 Mouse 1.14 M (Combined alveolar/bronchiolar
(B6C3F1) adenoma/carcinoma) Sulfate

0.38 F (Combined alveolar/bronchiolar
adenomalcarcinoma)

@ The number corresponds to entries in Figure 3-1.
b An increase in hemoglobin or red blood cells (polycythemia) is not necessarily considered an adverse effect.

C Differences in levels of health effects and cancer effect between males and females are not indicated in Figure 3-1. Where such differences exist, only the levels of effect for the
most sensitive gender are presented.

d Used to derive a chronic inhalation Minimal Risk level (MRL) of 0.0001 mg Co/m3., dose adjusted for intermittent exposure, and divided by an uncertainty factor of 10 (for human

variability).

Bd = body weight; Cardio = cardiovascular, d = day(s); Derm = dermal; Endocr = endocrine; F = female; Gastro = gastrointestinal; Gn Pig = guinea pig; Hemato = hematological; hr =
hour(s); LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s); Musc/skel = muscular/skeletal; NOAEL = no-observed-adverse-effect level; (occup) =
occupational; Resp = respiratory; wk = week(s); yr = year(s).
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity -
Intermediate (15-364 days)

Inhalation (Continued)
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Figure 3-1. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Inhalation (Continued)
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Kusaka et al. (1986b) described an acute exposure of 15 healthy young men to atmospheres of hard metal
dust containing 0.038 mg cobalt/m’ for 6 hours. Forced vital capacity (FVC) was reduced, but no dose-
response relation could be discerned. By contrast, 42 workers occupationally exposed to hard metal
showed no decrease in ventilatory function at 0.085 mg cobalt/m’, but significant changes in FEV,
(forced expiratory volume in 1 second) at 0.126 mg cobalt/m’ (Kusaka et al. 1986b). Several other
studies of hard metal workers have shown respiratory effects, including decreased ventilatory function,
wheezing, asthma, and fibrosis (Kusaka et al. 1996a, 1996b; Ruokonen et al. 1996; Zanelli et al. 1994),

but have had less complete reports of exposure.

Swennen et al. (1993) performed a cross-sectional study on 82 workers in a cobalt refinery. Workers
were examined for cobalt in blood and urine, a number of erythropoietic variables, thyroid metabolism,
pulmonary function, skin lesions, and several serum enzymes. The concentrations of cobalt in blood and
in urine after the shift were significantly correlated with those in air. Workers exposed to airborne cobalt
metal, salts, or oxides (mean concentration 0.125 mg/m’, range 0.001-7.7 mg/m’) showed an increased
(p<0.05) prevalence of dyspnea and wheezing and had significantly more skin lesions (eczema, erythema)
than control workers. A dose-effect relation was found between the reduction of the FEV, and the

intensity of the current exposure to cobalt, as assessed by measurement of cobalt in blood, air, or urine.

Gennart and Lauwerys (1990) examined the ventilatory functions of 48 diamond polishing workers,
relative to 23 control workers. Exposure occurred mainly in one of two rooms, with mean airborne
concentrations of 0.0152 and 0.1355 mg cobalt/m’; control subjects worked in other areas of the facilities,
where no exposure to cobalt occurred. Significant decreases in ventilatory function were found in the
exposed workers relative to the control workers. Duration of exposure played a significant factor, with no
significant differences in workers who had been exposed for <5 years; reported decreases in ventilatory
function were noted in workers exposed for > 5 years. Inhalation exposure to cobalt salts (exposure
levels not reported) among glass bangle workers resulted in decreases in decreased ventilatory function,

generally restrictive in nature, relative to controls (Rastogi et al. 1991).

Nemery et al. (1992) conducted a cross-sectional study of cobalt exposure and respiratory effects in
diamond polishers. Exposure occurred mainly from the generation of airborne cobalt resulting from the
use of cobalt-containing polishing discs. The study groups were composed of 194 polishers working in
10 different workshops, and were divided into control, low-, and high-exposure groups. The low-

exposure group (n=102) was exposed to an average of 0.0053 mg cobalt/m’, based on personal sampling
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measurements, while the exposure level for the high dose group (n=92) was 0.0151 mg cobalt/m’; there
was considerable overlap in the total range of concentrations for the low- and high-exposure groups.
Workers in the high-exposure group were more likely than those in the other groups to complain about
respiratory symptoms; the prevalence of eye, nose, and throat irritation and cough, as well as the fraction
of these symptoms related to work, were significantly increased in the high-exposure group. Workers in
the high-exposure group also had significantly reduced lung function compared to controls and low-
exposure group workers, as assessed by FVC, FEV |, MMEF (forced expiratory flow between 25 and 75%
of the FVC) and mean PEF (peak expiratory flow rate). Results in the low-exposure group did not differ
from controls. Based on the NOAEL of 0.0053 mg cobalt/m’ for decreased ventilatory function in
exposed workers, a chronic inhalation MRL of 1x10-4 mg cobalt/m® was calculated as described in
footnote (d) in Table 3-1. It should be noted that this MRL value may not be protective for some

hypersensitive individuals.

As with exposures in humans, exposures of animals to cobalt-containing aerosols have resulted in
pronounced respiratory effects. Animals exposed to aerosols of cobalt oxides and cobalt sulfate
developed respiratory effects that varied in severity with exposure level and duration. A single 30-minute
exposure of rats to relatively high levels (26-236 mg cobalt/m’ as cobalt hydrocarbonyl) resulted in
congestion, edema, and hemorrhage of the lung (Palmes et al. 1959). Prolonged exposure (3—4 months)
of rats and rabbits to mixed cobalt oxides (0.4-9 mg cobalt/m’) resulted in lesions in the alveolar region
of the respiratory tract characterized histologically by nodular accumulation of Type II epithelial cells,
accumulations of enlarged highly vacuolated macrophages, interstitial inflammation, and fibrosis
(Johansson et al. 1984, 1987, 1991, 1992; Kyono et al. 1992; Palmes et al. 1959). In at least one instance,
the lesions appeared to regress when exposure was terminated (Palmes et al. 1959). Guinea pigs
sensitized to cobalt by repeated dermal application and then exposed to 2.4 mg cobalt/m’ as cobalt
chloride showed pulmonary inflammatory changes (altered BAL fluid recovery, increased neutrophils and
eosinophils in the recovered BAL fluid) that were different than those in exposed animals not sensitized
to cobalt (Camner et al. 1993). Decreased lung compliance was found in pigs exposed to 0.1 mg
cobalt/m’ as cobalt dust for 3 months (Kerfoot 1975). Lifetime exposure of hamsters to 7.9 mg

cobalt/m’ as cobalt oxide resulted in emphysema (Wehner et al. 1977).

Necrosis and inflammation of the respiratory tract epithelium (nasal turbinates, larynx, trachea,
bronchioles) were reported in rats exposed to 19 mg cobalt/m® and mice exposed to 1.9 mg cobalt/m’ or

greater as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991). Exposure of rats and mice to
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cobalt as cobalt sulfate for 13 weeks resulted in adverse effects on all parts of the respiratory tract, with
the larynx being the most sensitive part (Bucher et al. 1990; NTP 1991). At concentrations of >0.11 mg
cobalt/m’, rats and mice developed squamous metaplasia of the larynx. Histiocytic infiltrates in the lung
were also reported at similar levels in both the rats and mice. In rats, chronic inflammation of the larynx
was found at >0.38 mg cobalt/m’, and more severe effects on the nose, larynx, and lung were reported at
higher exposures. In mice, acute inflammation of the nose was found at >1.14 mg cobalt/m’, and more
severe effects on the nose, larynx, and lung were reported at higher exposures. Exposure of rats and mice
to aerosols of cobalt (as cobalt sulfate) at concentrations from 0.11 to 1.14 mg cobalt/m’ for 2 years
resulted in a spectrum of inflammatory, fibrotic, and proliferative lesions in the respiratory tract of male
and female rats and mice (Bucher et al. 1999; NTP 1998). Squamous metaplasia of the larynx occurred in
rats and mice at exposure concentrations of >0.11 mg cobalt/m’, with severity of the lesion increasing
with increased cobalt concentration. Hyperplastic lesions of the nasal epithelium occurred in rats at
concentrations of >0.11 mg cobalt/m’, and in mice at concentrations of >0.38 mg cobalt/m’. Both sexes
of rats had greatly increased incidences (>90% incidence) of alveolar lesions at all exposure levels,
including inflammatory changes, fibrosis, and metaplasia. Similar changes were seen in mice at all

exposure levels, though the changes in mice were less severe.

Cardiovascular Effects. Occupational exposure of humans to cobalt-containing dust, either as
cobalt metal or as hard metal, has been shown to result in cardiomyopathy, characterized by functional
effects on the ventricles (Horowitz et al. 1988) and/or enlargement of the heart (Barborik and Dusek
1972; Jarvis et al. 1992), but the exposure levels associated with cardiac effects of inhaled cobalt in
humans have not been determined. Jarvis et al. (1992) reported on two patients (exposure histories not
specified) who had been admitted to the emergency room for cardiac failures; these failures were believed
to be associated with cobalt exposure. Barborik and Dusek (1972) reported a case of a 41-year-old man
who was admitted to the hospital with cardiac failure following occupational exposure to cobalt; cobalt
concentrations in heart, liver, lung, spleen, and kidney were elevated over two control patients. Horowitz
et al. (1988) reported that in a cohort of 30 hard metal workers (exposure histories not specified),
significant decreases in exercise right ventricular ejection fraction (EF) were seen in workers with
abnormal chest x-rays relative to those with normal chest x-rays. It is possible that these effects were
secondary to the respiratory effects of inhaled cobalt. It was concluded that cobalt is a weak
cardiomyopathic agent following occupational exposure (Horowitz et al. 1988). Cardiomyopathy is a

characteristic toxic effect of cobalt following oral exposure in both humans and animals (Section 3.2.2.2).
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In rats, exposure to 11.4 mg cobalt/m’ as cobalt sulfate over 13 weeks resulted in a marginal increase in
the severity of cardiomyopathy as compared to controls (minimal-mild in treated animals versus minimal
in controls; 3/10 animals affected in either group) (Bucher et al. 1990; NTP 1991). Cardiomyopathy was
not observed in mice exposed to <76 mg cobalt/m’ as cobalt sulfate over 16 days (Bucher et al. 1990;
NTP 1991), nor in mice or rats exposed to up to 1.14 mg cobalt/m’ for 2 years (Bucher et al. 1999; NTP
1998). Electrocardiogram abnormalities that may reflect ventricular impairment have been observed in
miniature swine (n=5) exposed to 0.1 mg cobalt dust/m’ for 6 hours/day, 5 days/week for 3 months

(Kerfoot 1975).

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

inhalation exposure to stable cobalt.

No histological lesions were reported in the esophagus, stomach, duodenum, ileum, jejunum, cecum,
colon, or rectum of rats or mice of either sex exposed to 76 mg cobalt/m’ or less as cobalt sulfate for
16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al.
1990, 1999; NTP 1991, 1998).

Hematological Effects. Swennen et al. (1993) reported slightly, but statistically significantly,
decreased levels of red cells and total hemoglobin (~4—5% decreases) in a group of 82 workers
occupationally exposed to a mean concentration of 0.125 mg cobalt/m’ as cobalt metal dust. No other

studies were located regarding hematological effects in humans after inhalation exposure to cobalt.

Increased levels of hemoglobin and increased numbers of basophils and monocytes have been observed in
rats and guinea pigs, but not in dogs, exposed to 9 mg cobalt/m’ as cobalt hydrocarbonyl for 3 months
(Palmes et al. 1959). Polycythemia was reported in rats, but not mice, exposed to 1.14 mg cobalt/m’ as

cobalt sulfate for 13 weeks (Bucher et al. 1990; NTP 1991).

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

inhalation exposure to cobalt.

No histological lesions were reported in the sternebrae (segments of the sternum), including the bone

marrow, of rats or mice exposed to <76 mg cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg
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cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al. 1990, 1999; NTP 1991,

1998) (see the above section on respiratory effects for detailed descriptions of exposure conditions).

Hepatic Effects. Congestion of the liver was observed upon autopsy of a metal worker (exposure
history not reported) who had been occupationally exposed to an unknown level of cobalt for 4 years

(Barborik and Dusek 1972). The cause of death was determined to be cardiomyopathy.

Necrosis and congestion of the liver were observed in both rats and mice that died following exposure to
19 mg cobalt/m’ as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991). No histological effects
on the liver were found in pigs exposed to up to 1.0 mg cobalt/m’ as cobalt metal dust for 3 months

(Kerfoot 1975).

Renal Effects. Congestion of the kidneys was observed upon autopsy of a metal worker who had
been occupationally exposed to an unknown level of cobalt for 4 years (Barborik and Dusek 1972). The

cause of death was determined to be cardiomyopathy.

A significant increase in the relative weight of the kidneys was reported in male rats exposed to 0.11 mg
cobalt/m’ or greater as cobalt sulfate for 13 weeks (Bucher et al. 1990; NTP 1991). No effects were
observed upon histological examination of the kidneys in rats or mice following exposure to <76 mg
cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’
for 104 weeks (Bucher et al. 1990, 1999; NTP 1991, 1998). No histological effects on the kidneys were
found in pigs exposed to up to 1.0 mg cobalt/m’ as cobalt metal for 3 months (Kerfoot 1975).

Dermal Effects. No studies were located regarding dermal effects in humans or animals after

inhalation exposure to stable cobalt.

Endocrine Effects. A group of female workers occupationally exposed to a semisoluble cobalt glaze
(cobalt-zinc silicate, estimated concentrations of 0.05 mg Co/m’) showed significantly elevated levels of
serum thyroxine (T4) and free thyroxine, but no change in T3 levels (Prescott et al. 1992). In contrast to
this, Swennen et al. (1993) reported no significant change in serum T4 levels, but a significant reduction

in serum T3 in workers occupationally exposed to cobalt oxides, cobalt salts, and cobalt metal.
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Ocular Effects. Congestion of the conjunctiva was observed in a metal worker after occupational
exposure to an unknown level of cobalt for 4 years (Barborik and Dusek 1972); however, due to the
nature of the exposure, this effect may also have been the result of direct dermal or ocular contact. Upon

autopsy, the cause of death was determined to be cardiomyopathy.

No histological lesions were reported in the eyes or on the skin of rats or mice exposed to <76 mg
cobalt/m’ as cobalt sulfate for 16 days, up to 11.4 mg cobalt/m’ for 13 weeks, or up to 1.14 mg cobalt/m’
for 104 weeks (Bucher et al. 1990, 1999; NTP 1991, 1998).

Body Weight Effects. Weight loss, measured individually from time of initial examination
throughout followup, was observed in a group of five diamond polishers suffering from cobalt-induced

interstitial lung disease (Demedts et al. 1984b), but the exposure level of cobalt was not reported.

Decreased body weight, relative to controls at study termination, was reported in both rats and mice
exposed to 19 mg cobalt/m’ as cobalt sulfate over 16 days or to 11.4 mg cobalt/m’ for 13 weeks (Bucher
et al. 1990; NTP 1991). A 13-week exposure to 11.4 mg cobalt /m’ resulted in ruffled fur in male rats,
with no clinical signs reported in female rats or either sex of mice (Bucher et al. 1990; NTP 1991).
Chronic exposure of rats and mice to up to 1.14 mg cobalt/m’ did not result in decreased body weight

(Bucher et al. 1999; NTP 1998).

Weight loss was found in dogs, but not rats or guinea pigs, exposed for 3 months to cobalt at a level of
9 mg cobalt/m’ as cobalt hydrocarbonyl (Palmes et al. 1959). Lifetime exposure of hamsters to a similar
concentration (7.9 mg cobalt/m’ as cobalt oxide) did not result in decreased body weight gain (Wehner et

al. 1977).

3.2.1.3 Immunological and Lymphoreticular Effects

Cobalt is known to function as a hapten, resulting in the generation of antibodies against cobalt-protein
complexes. Although the minimum exposure level associated with cobalt sensitization has not been
determined, sensitization has been demonstrated in hard metal workers with work-related asthma who
have experienced prolonged occupational exposure (>3 years) to levels ranging from 0.007 to 0.893 mg

cobalt/m® (Shirakawa et al. 1988, 1989). The lower end of this range, 0.007 mg/m’, is reported in
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Table 3-1 and plotted in Figure 3-1 as a LOAEL. The sensitization phenomenon includes the production
of IgE and IgA antibodies to cobalt (Bencko et al. 1983; Shirakawa et al. 1988, 1989). Exposure to
inhaled cobalt chloride aerosols can precipitate an asthmatic attack in sensitized individuals (Shirakawa et

al. 1989), believed to be the result of an allergic reaction within the lungs.

Necrosis of the thymus was reported in rats exposed to 19 mg cobalt/m’ as cobalt sulfate over 16 days,
and hyperplasia of the mediastinal lymph nodes was found in mice exposed to 11.4 mg cobalt/m’ for
13 weeks (Bucher et al. 1990; NTP 1991). Tests of immunological function, however, were not

performed on the rats or mice.

3.2.1.4 Neurological Effects

Occupational exposure to cobalt in humans has been reported to cause several effects on the nervous
system, including memory loss (Wechsler Memory Scale-Revised), nerve deafness, and a decreased
visual acuity (Jordan et al. 1990; Meecham and Humphrey 1991). It should be noted, though, that both of
these studies had small numbers of subjects (n=38 for Jordan et al. 1990, n=1 for Meecham and

Humphrey 1991), and exposure characterization was not reported.

Congestion in the vessels of the brain/meninges was reported in rats and mice exposed to 19 mg

cobalt/m’ or greater as cobalt sulfate over 16 days (Bucher et al. 1990; NTP 1991).

3.2.1.5 Reproductive Effects

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

In animals, long-term exposure to cobalt-containing aerosols has resulted in effects on reproductive end
points. Testicular atrophy was reported in rats, but not in mice, exposed to 19 mg cobalt/m’ as cobalt
sulfate over 16 days (Bucher et al. 1990; NTP 1991). Following exposure of mice to cobalt (as cobalt
sulfate) for 13 weeks, a decrease in sperm motility was found at 1.14 mg cobalt/m’, and testicular atrophy
was found at 11.4 mg cobalt/m’. A significant increase in the length of the estrous cycle was reported in

female mice exposed to 11.4 mg cobalt/m® for 13 weeks (Bucher et al. 1990; NTP 1991). No effects on
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the male or female reproductive systems were observed in rats similarly treated for 13 weeks (Bucher et
al. 1990; NTP 1991), or in mice or rats exposed to up to 1.14 mg cobalt/m’ for 104 weeks (Bucher et al.
1999; NTP 1998).

3.2.1.6 Developmental Effects

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

to cobalt.

3.2.1.7 Cancer

Several studies have evaluated the effects of inhalation of cobalt-containing compounds on possible
carcinogenicity in humans. The mortality of a cohort of 1,143 workers in a plant that refined and
processed cobalt and sodium was analyzed (Mur et al. 1987); the French national population mortality
data were used as a reference population. An increase in deaths due to lung cancer was found in workers
exposed only to cobalt (standardized mortality ratio [SMR] of 4.66; four cases in the exposed group
versus one case in the controls). In a study within the cohort that controlled for date of birth, age at death,
and smoking habits, 44% (four workers) in the group exposed to cobalt and 17% (three workers) in the
group not exposed to cobalt died of lung cancer. The authors, however, indicated that the difference was
not statistically significant and that the workers were exposed to both arsenic and nickel as well as cobalt.
The nonneoplastic lung diseases commonly found in cobalt-exposed workers (see Section 3.2.1.2) were
not reported in this group. These lung diseases may have been present in these workers, but if they were
not listed as the cause of death on the death certificate, they would not have been mentioned. Inhalation
was probably a prominent route of exposure to cobalt; however, oral and dermal exposure probably
occurred as well. No adjustments were made for smoking habits in the larger study, and the exposure
levels of cobalt were not reported for either study. However, a followup study of this cohort (Moulin et
al. 1993) did not report significant increases in mortality due to respiratory or circulatory diseases.
Similarly, no increase in the SMR for lung cancer was noted in exposed workers, relative to controls.
While an elevated SMR for lung cancer was seen in maintenance workers (SMR=1.80, 95% confidence
interval [CI]=0.78-3.55), it was not statistically significant, since the 95% confidence interval included an

SMR of 1.
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Lasfargues et al. (1994) reported on the mortality of a cohort of 709 male workers in a French hard metal
plant, using the national rates for French males for comparison. The overall mortality did not differ from
expected, but there was a significant increase in mortality due to cancer of the trachea, bronchus, and lung
(SMR=2.13, 95% CI=1.02-3.93). Smoking alone did not account for the lung cancer excesses, although

the influence of smoking on the observed mortality could not be entirely ruled out.

A cohort of 5,777 males and 1,682 females who were exposed occupationally to cobalt (concentrations
ranging from 1 to 515 pg/m’, means of exposure levels ranging from 39.37 to 169.0 pg/m’) and tungsten
carbide (as hard metal dust) was examined by Moulin et al. (1998). A significantly increased mortality
rate (SMR=1.30, 95% CI=1.00-1.66) was seen for lung cancer in exposed workers, when compared to the
national average. Within this study group, 61 cases and 180 controls were selected for a case-control
study of cancer risk. When exposures during the last 10 years were ignored, presumably because cancer
is a late-developing disease, a significant increase in lung cancer mortality (OR=1.93, 95% CI=1.03-3.62)
relative to controls was seen among workers simultaneously exposed to cobalt and tungsten carbide.
Significant trends for increasing cancer risk with increasing cumulative exposure and exposure duration
were noted. Adjustments for smoking and for coexposures to other carcinogens did not change the

results, though occupational risk was greatest among smokers.

A later study by the same group (Moulin et al. 2000) examined the lung cancer mortality of 4,288 male
and 609 female workers employed in the production of stainless and alloyed steel from 1968 to 1992. No
significant changes in mortality rate from lung cancer were seen among exposed workers (SMR=1.19,
95% CI=0.88—1.55), and a concurrent case control study identified no correlation between lung cancer

excess and for exposure to cobalt (OR=0.64, 95% CI=0.33-1.25).

Wild et al. (2000) reported on a cohort of 2,216 male hard metal workers who had been employed for at
least 3 months; this cohort was the same as that in Moulin et al. (2000), with some modifications. The
total mortality was not increased in workers, relative to local mortality rates. However, lung cancer
mortality was significantly increased (SMR=1.70, 95% CI=1.24-2.26). The risks increased with
increasing exposure scores, even after adjustment for smoking and coexposure to other known or

suspected carcinogens.
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Inhalation exposure to 7.9 mg cobalt/m’ as cobalt oxide intermittently for a lifetime did not increase the

incidence of malignant or benign tumors in hamsters (Wehner et al. 1977).

NTP (1998) exposed groups of rats and mice of both sexes to 0, 0.11, 0.38, or 1.14 mg cobalt/m’ as cobalt
sulfate for 2 years. Increased incidence of alveolar/bronchiolar neoplasms was noted following lifetime
exposure of male rats to 1.14 mg cobalt/m’ and in female rats exposed to 0.38 mg cobalt/m® (Bucher et al.
1999; NTP 1998). Statistical analysis revealed that tumors occurred with significantly positive trends in
both sexes of rats. Similarly, mice of both sexes exposed to 1.14 mg cobalt/m® showed an increase in

alveolar/bronchiolar neoplasms, again with lung tumors occurring with significantly positive trends.

3.2.2 Oral Exposure

3.2.2.1 Death

In several studies, lethal cardiomyopathy was reported in people who consumed large quantities of beer
containing cobalt sulfate (Alexander 1969, 1972; Bonenfant et al. 1969; Morin et al. 1967, 1971; Sullivan
et al. 1969). The deaths occurred during the early to mid 1960s, at which time, breweries in Canada, the
United States, and Europe were adding cobalt to beer as a foam stabilizer (Alexander 1969, 1972;
Bonenfant et al. 1969; Morin et al. 1967, 1971; Sullivan et al. 1969); this practice has been discontinued.
Deaths occurred following ingestion of beer containing 0.04—0.14 mg cobalt/kg/day for a period of years
(approximately 8—30 pints of beer each day). “Acute mortality” (death within several days of admission)
accounted for 18% of the deaths (Alexander 1972). Approximately 43% of the patients admitted to the
hospital with cardiomyopathy died within several years of the initial hospital visit. It should be noted,
however, that the cardiomyopathy may have also been due to the fact that the beer-drinkers had protein-

poor diets and may have had prior cardiac damage from alcohol abuse.

Treatment of both pregnant and nonpregnant anemic patients with doses of cobalt (0.6—1 mg/kg/day) that
were much higher than the doses in the beer did not result in mortality (Davis and Fields 1958; Holly

1955). A 19-month-old male child who swallowed an unknown amount of a cobalt chloride solution died
approximately 6.5 hours after ingestion, despite repeated induced vomiting, gastric lavage, and supportive

therapy (Jacobziner and Raybin 1961).
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Oral LDs, values for several cobalt compounds have been determined in Wistar rats (FDRL 1984a,
1984b, 1984c; Singh and Junnarkar 1991; Speijers et al. 1982). The LDs, values ranged from 42.4 mg
cobalt/kg as cobalt chloride to 317 mg cobalt/kg as cobalt carbonate. An LDsy of 3,672 mg cobalt/kg was
also found for tricobalt tetraoxide, a highly insoluble cobalt compound (FDRL 1984c¢). The exact cause
of death in rats is unknown, but effects on the heart, liver, gastrointestinal tract, and kidneys have been
observed. In Sprague-Dawley rats, death has been reported to occur at 161 mg cobalt/’kg given by gavage
as cobalt chloride (Domingo and Llobet 1984). In male Swiss mice, the LDs values for cobalt chloride
and cobalt sulfate have been reported to be 89.3 and 123 mg cobalt/kg, respectively (Singh and Junnarkar
1991).

Following 5 weeks of exposure to 20 mg cobalt/kg/day as cobalt sulfate by gavage, 20-25% of the guinea
pigs died (Mohiuddin et al. 1970). The animals were given cobalt sulfate alone or in combination with
ethanol (as part of a liquid diet) to compare the effects seen in animals to those seen in humans suffering
from beer-cobalt cardiomyopathy. Although effects on the heart were found in the treated animals,

alcohol did not appear to intensify the toxic effect.

The LDs, and all reliable LOAEL values for each species and duration category are reported in Table 3-2
and plotted in Figure 3-2.

3.2.2.2 Systemic Effects

Oral cobalt exposure in humans and/or animals resulted in respiratory, cardiovascular, gastrointestinal,
hematological, hepatic, renal, endocrine, dermal, ocular, hypothermic, and body weight effects. For each
effect, the highest NOAEL values and all reliable LOAEL values for each species and duration category
are reported in Table 3-2 and plotted in Figure 3-2.

Respiratory Effects. In 50 patients with beer-cobalt cardiomyopathy, pulmonary rales and
pulmonary edema were observed and were attributed to cobalt-induced cardiac failure (Morin et al. 1971).
These patients had ingested, over a period of years, an average of 0.04 mg cobalt/kg/day in beer
containing cobalt sulfate that was added to stabilize the foam. It should be noted that these patients
consumed significant quantities of alcohol, and the effect that this may have had on the symptoms seen is

not known.



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (a/kgiday) (mg/kg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat 1x 1611 (LD50) Domingo and Llobet 1984
(Sprague- (GW) Chloride
Dawley)
2 Ra‘t 1x 424 (LD50) Singh and Junnarkar 1991
(Wistar) (GW) Chloride
3 Ra.t 1x 194 (LD50) Singh and Junnarkar 1991
(Wistar) (GW) Sulfate
4 Raf[ 1x 91 (LD50) Speijers et al. 1982
(Wistar) (GO) Fluoride
1x Speij t al. 1982
5 Raj[ 187 (LD50) peijers et a
(Wistar) (GO) Phosphate
Rat 1x Speijers et al. 1982
6 a 109 (LD50) pel
(Wistar) (GW) Bromide
7 R 1x Speij t al. 1982
a.t 159  (LD50) peijers eta
(Wistar) (GO) Oxide

S103443 H1TV3IH '€

17va090

99



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
1 Speij t al. 1982
8 Raf[ X 168 (LD50) peijers et a
(Wistar) (GW) Acetate
1 Speij t al. 1982
9 Raj[ X 190  (LD50) peijers et a
(Wistar) (GW) Chloride
1 Speijers et al. 1982
10 Ra‘t X 140 (LD50) pel
(Wistar) (GW) Bromide
1 Speij t al. 1982
1 Ra.t X 161 (LD50) peijers et a
(Wistar) (GW) Sulfate
1x Singh and Junnarkar 1991
12 Mouse 123 (LD50) 9
(Swiss- (GW) Sulfate
Webster)
1x Singh and Junnarkar 1991
13 Mouse 89.3 (LD50) 9
(Swiss- (GW) Chloride
Webster)
Systemic
14 Human 2 wk ) ) Roche and Layrisse 1958
Endocr 1  (decreased lodine uptake in .
(C) Chloride

thyroid)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
15 Rat 1x b . ) Domingo and Llobet 1984
Hemato 161.1  (increased hematocrit 8%) .
(GW) Chloride
16 Rat 1x FDRL 1984a
Other 110 209 (Clinical signs, including
(GW) decreased activity, ataxia, Sulfate
diarrhea, salivation)
17 Rat 1x o ) FDRL 1984b
Other 149  (Decreased activity, diarrhea)
(Sprague-  (GO) Carbonate
Dawley)
18 Rat 1x Renal 194 ( d uri tout) Singh and Junnarkar 1991
ena . ncreased urinary outpu
(Wistar) (GW) youlp Sulfate
1x Speijers et al. 1982
19 Ra.t Cardio 109.6 176.6  (proliferative interstitial tissues, P J_
(Wistar) (GO) swollen muscle fibers, focal Fluoride
myocardial degeneration)
Hepatic 42.6 68.2  (hyperemia)
Renal 42,6 (swollen proximal tubules) 176.6  (degeneration of proximal
tubules)
Other 109.6  (hypothermia)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

Exposure/ LOAEL
a Duration/

Key to Species Frequency NOAEL Less Serious Serious Reference

figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form

20 Rat 1x Speij t al. 1982

a. Cardio 794.5 (hemorrhage) peferseta
(Wistar) (GO) Oxide

Hepatic 157.3  (hyperemia)
Renal 157.3  (hyperemia)
Other 157.3  (hypothermia)

21 Mouse 48 hr o ) Bryan and Bright, 1973

) Hemato 76.4 M (Alteration in electrophoretic .
Wévtl)ss’i-sr) (W) profile of serum proteins) Chloride
22 Mouse 3 mo Bryan and Bright, 1973
) Hemato 76.4 M
(Swiss- (W) Chloride
Webster)
Neurological
23 Rat 1x 194 (Mildd on of Singh and Junnarkar 1991
) . ild depression o
(Wistar)  (GW) 0 Sulfate

spontaneous activity, muscle
tone, and respiration)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
24 Rat 1x ) ) Singh and Junnarkar 1991
. 4.25  (Mild depression of .
(Wistar) (GW) spontaneous activity, muscle Chloride
tone, and respiration)
Developmental
25 Rat Gd 6-15 248 Paternian et al. 1988
(GW) ' Chloride
26 Mouse Gd 8-12 817 Seidenberg 1986
(GwW) ' Chloride
INTERMEDIATE EXPOSURE
Death
27 H NR Morin et al. 1971
uman 0.04 (death) '
(W) Sulfate
28 Gn Pig 5 wk 20 (death) Mohiuddin et al. 1970
(F) Sulfate
Systemic
29 H NR Al der 1972
uman Cardio 0.07  (beer-cobalt cardiomyopathy) exander
(W) Sulfate
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
30 Human 1x/d 25d c ) Davis and Fields 1958
Hemato 1 (polycythemia) .
(@) Chloride
31 Human 12-32 wk Duckham and Lee 1976b
Gastro 0.18 (nausea) .
(€) Chloride
b
Hemato 0.18 (increased hemoglobin,
23-102% increase)
32 Human 90d o Holly 1955
Gastro 0.5 (gastric intolerance) .
(@) Chloride
Hemato 0.6
Hepatic 0.6
33 Human NR Morin et al. 1971
Resp 0.04 (edema)
(W) Sulfate
Cardio 0.04  (beer-cobalt cardiomyopathy)
Gastro 0.04  (vomiting, nausea)
Hepatic 0.04 (necrosis)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

a
Key to Species

Exposure/
Duration/
Frequency
(Specific Route)

LOAEL

Less Serious

Reference

figure (Strain) System (mg/kg/day) Chemical Form
34 Human 10-25d 1x/d ) Paley et al. 1958
© Other 0.54 (decreased lodine uptake)
35 Human 12-32 wk 7d/wk b . Taylor et al. 1977
Hemato 0.16  (increased hemoglobin) .
(@) Chloride
36 Rat 4 wk o Chetty et al. 1979
Bd Wt 3.79 M (45-65% reduction in body )
(Sprague-  (F) weight gain) Chlioride
Dawley)
37 Rat 8 wk 1x/d ) ) Clyne et al. 1988
Bd Wt 4.2 (33% decrease in body weight

(F)

gain)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (continued)
Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference

(Specific Route)

figure (Strain) System  (mgl/kg/day) (mgl/kg/day) (mgl/kg/day) Chemical Form
38 Rat 3 mo ) ) Domingo et al. 1984
w) Resp 30.2  (increased lung weight 33%)
Cardio 30.2 (increased heart weight 9.4%)
Gastro 30.2
Hemato 30.2 (increased hematocrit 29%)c
Musc/skel 30.2
Hepatic 30.2
Renal 30.2
8 wk Grice et al. 1969
39 Rat o Cardio 26  (degeneration) I
24 wk Haga et al. 1996
40 Rat Cardio 8.4 M (Left ventricular hypertrophy 9
(Sprague- (F) and impaired ventricular Sulfate
Dawley) function)

S103443 H1TV3IH '€

17va090

€9



Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
41 Rat 4 mo Holly 1955
Resp 18 .
(G) Chloride
Cardio 18
Gastro 18
b
Hemato 18  (erythrocytosis)
Hepatic 18
Renal 18  (tubular necrosis)
42 Rat 7 mo 6 d/wk b ) Krasovskii and Fridlyand 1971
Hemato 0.05 0.5 (increased RBC, hemoglobin)
(GW)
Hepatic 2.5
3wk Morvai et al. 1993
43 Rat Cardio 12.4 M (Incipient, multifocal ,
CFY (©) myocytolysis, with degeneration Chloride
of myofibrilles)
Bd Wt 12.4 M (Decreased body weight 8%)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
44 Rat 150 d 5 d/wk b . Murdock 1959
Hemato 10  (increased hemoglobin) .
(GW) Chloride
Hepatic 10  (increased weight 17%)
Renal 10  (necrosis of tubular lining cells)
Bd Wt 10
45 Rat 8 wk Pehrsson et al. 1991
Hemato 8.4 M
(Sprague- Sulfate
Dawley)
Bd Wt 8.4 M (>20% decrease from
appropriate control)
46 Rat 12-16d Saker et al. 1998
Bd Wt 10.6 M .
(Sprague- (W) Chloride
Dawley)
Metab 10.6 M (Decreased serum glucose

levels in diabetic rats, but not
control rats)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
a Duration/
Key to Species Fre_q_uency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
47 Rat 6 wk 7 diwk b . Stanley et al. 1947
Hemato 0.6 2.5 (polycythemia) .
(@) Chloride
48 Rat 3d . Wellman et al. 1984
Bd Wt 20M 100 M (<20% reduction of body .
(Long- Evans) (F) weights) Chloride
49 M 45d Shrivast; t al. 1996
ouse Endocr 26 F (Necrosis and inflammation of rivastava et a
Parkes (W) thyroid) Chloride
Gn Pi 5wk Mohiuddin et al. 1970
50 nre ) Cardio 20 (cardiomyopathy) uadineta
Bd Wt 20
51 Dog 4 wk 7 d/wk b i Brewer 1940
) Hemato 5  (polycythemia)
Immuno/ Lymphoret
2 Rat 4 wk Chetty et al. 1979
S a 3.79 M (Atrophy of the thymus) yeta
(Sprague-  (F) Chloride
Dawley)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
53 Rat 7 mo 6 d/wk . N Krasovskii and Fridlyand 1971
0.05 0.5 (decreased phagocytic ability) .
(GW) Chloride
Neurological
54 Rat 57d . Bourg et al. 1985
20 M (Increased latency during )
(Sprague- (W) retention testing) Chloride
Dawley)
55 Rat 57d ) o Bourg et al. 1985
20  (increased reactivity) .
(W) Chloride
56 Rat 7 mo 6 d/wk ) ) . . Krasovskii and Fridlyand 1971
0.05 0.5 (mildly increased latent reflex) 2.5  (pronounced increase in latent i
(GW) reflex) Chloride
57 Rat 30d . . Mutafova-Yambolieva et al. 1994
) 4.96 M (Alterations in .
(Wistar) W) sympathetically-induced Chloride
contractility of vas deferens)
58 Rat 69d . . Nation et al. 1983
5 20 (changes in schedule training,
(F) conditioned suppression, and

mixed schedule training tests)
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
59 Rat 30d ) ) ) ) Vassilev et al. 1993
) 6.44 M (Alterations in cholinergic )
(Wistar) (W) sensitivity) Nitrate
60 Rat 3d ) ) Wellman et al. 1984
20M 100 M (Saccharin and food aversion)

61

62

63

64

(Long- Evans) (F)

Reproductive

Rat

(Sprague-
Dawley)

Rat

(Sprague-
Dawley)

Rat

Rat

98 days
(F)
90d
30.2 M 26% decrease in testicular
(W) weight
98 d 7 d/wk
(F)
69 d

(F)

Chloride

. ) __ Corrier et al. 1985
20 M Pronounced histologic alteration

of seminiferous tubules Chloride

Domingo et al. 1984
Chloride

Mollenhauer et al. 1985

13.25  (testicular degeneration)

Nation et al. 1983

20 M (testicular atroph
( Y) Chloride
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form
13 wk Anderson et al. 1992
65 Mouse 43.4 M (Irreversible testicular )
(CD-1) (W) degeneration) Chloride
13 wk Anderson et al. 1993
66 Mouse 43.4 M (Testicular degeneration)
(CD-1) (W) Chloride
67 Mouse 13 wk . . Pedigo et al. 1988
23  (reversible testicular .
W) degeneration) Chloride
10 wk Pedigo et al. 1993
68 Mouse 58.9 M (Reduced pregnant females and |g.
(B6C3F1) (W) pups per litter; reduced fertility) Chloride

69

Developmental

Human

90d

0.6
(©)

Holly 1955
Chloride
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Table 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral

(continued)

Exposure/ LOAEL

Duration/
Key tc? Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) ~ (SpecificRoute) g g0 (nikgiday) (mg/kg/day) (mglkg/day) Chemical Form

70  Rat Gd 14-Ld 21
©)

Domingo et al. 1985

5.4 stunted pup growth
( 9 ) Chloride

@ The number corresponds to entries in Figure 3-2.

b An increase in hemoglobin or red blood cells is not necessarily considered an adverse effect.

€ Used to derive an intermediate oral MRL; concentration was divided by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for human variability), resulting in an MRL of 0.01

mg/kg/day.

Bd Wt = body weight; (C) = capsule; Cardio = cardiovascular; d = day(s); Endocr = endocrine; (F) = feed; F = female; (G) = gavage; Gd = gestation day; (GO) = gavage oil; (GW) =
gavage-water, Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); Ld = lactation day; LD50 = dose producing 50% death; LOAEL = lowest-observed-adverse-effect
level; M = male; Metab = metabolism; mo = month(s); NOAEL = no observed-adverse-effect level; NS = not specified; (W) = drinking water; wk = week(s); x = times.
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Figure 3-2. Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral
Acute (<14 days)
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Figure 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Cobalt - Chemical Toxicity - Oral (Continued)

Intermediate (15-364 days)
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COBALT 74

3. HEALTH EFFECTS

A significant increase in the weight of the lungs, without morphological or histological changes, was
found in rats that received 30.2 mg cobalt/kg/day as cobalt chloride in drinking water for 3 months, as
compared with controls (Domingo et al. 1984). No morphological changes were seen in the lungs of rats

treated with 18 mg cobalt/kg/day for 4 months (Holly 1955).

Cardiovascular Effects. Beer-cobalt cardiomyopathy was observed in people who heavily
consumed beer containing cobalt sulfate as a foam stabilizer (Alexander 1969, 1972; Bonenfant et al.
1969; Kesteloot et al. 1968; Morin et al. 1967, 1971; Sullivan et al. 1969). The beer drinkers ingested an
average of 0.04 mg cobalt/kg/day (Morin et al. 1971, n=50) to 0.14 mg cobalt/kg/day for a period of years
(Alexander 1969, 1972, n=28). The cardiomyopathy was characterized by sinus tachycardia, left
ventricular failure, cardiogenic shock, diminished myocardial compliance, absence of a myocardial
response to exercise or catecholamine, enlarged heart, pericardial effusion, and extensive intracellular
changes (changes in the myofibers, mitochondria, glycogen, and lipids). The beer-cobalt cardiomyopathy
appeared to be similar to alcoholic cardiomyopathy and beriberi, but the onset of beer-cobalt
cardiomyopathy was very abrupt. It should be noted, however, that the cardiomyopathy may have also
been due to the fact that the beer-drinkers had protein-poor diets and may have had prior cardiac damage
from alcohol abuse. Treatment of both pregnant and nonpregnant anemic patients for 90 days with doses
of cobalt (0.6—1 mg/kg/day as cobalt chloride) that were much higher than the doses in the beer did not
result in effects on the heart (Davis and Fields 1958; Holly 1955).

Approximately 40-50% of the patients admitted to the hospital with cardiomyopathy died within several
years of diagnosis. In a followup study of four different sites, 0—43% of the survivors, depending on the
site, showed a residual cardiac disability and 23—41% had abnormal electrocardiograms (Alexander

1972).

In an experiment designed to simulate conditions leading to beer-cobalt cardiomyopathy in humans,
guinea pigs were given 20 mg cobalt/kg/day as cobalt sulfate by gavage either alone or in combination
with ethanol (as part of a liquid diet) for 5 weeks (Mohiuddin et al. 1970). The experiment resulted in
cardiomyopathy, which was characterized by abnormal EKGs; increased heart weights; lesions involving
the pericardium, myocardium, and endocardium; and disfigured mitochondria. Alcohol did not intensify
the cardiac effects. Myocardia changes (proliferative interstitial tissue, swollen muscle fibers, and focal

degeneration) were also found in rats following a single dose of 176.6 mg cobalt/kg administered by
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gavage as cobalt fluoride or a single dose of 795 mg cobalt/kg administered as cobalt oxide (Speijers et al.

1982).

Three weeks of exposure to 12.4 mg cobalt/kg/day as cobalt chloride in male rats resulted in cardiac
damage, presenting as incipient, multifocal myocytolysis, with degeneration of myofibrilles (Morvai et al.
1993). After longer-term exposure (2—3 months) of rats to 26—30.2 mg cobalt/kg/day as cobalt sulfate in
the diet or as cobalt chloride in the drinking water, degenerative heart lesions (Grice et al. 1969) and an
increase in heart weight were found (Domingo et al. 1984). Exposure of rats to 8.4 mg cobalt/kg/day as
cobalt sulfate resulted in left ventricular hypertrophy and impaired left ventricular systolic and diastolic
functions in an isolated working rat heart model (Haga et al. 1996). Clyne et al. (2001) reported that
exposure of rats to 8.4 mg cobalt/kg/day, as cobalt sulfate, in the diet for 24 weeks resulted in significant
reductions in a number of enzymes in cardiac tissues, including manganese-superoxide dismutase,
succinate-cytochrome c¢ oxidase, NADH-cytochrome c reductase, and cytochrome c oxidase, as well as

reducing the mitochondrial ATP production rate.

Gastrointestinal Effects. The first signs of the beer-cobalt cardiomyopathy syndrome were
gastrointestinal effects and included nausea, vomiting, and diarrhea (Morin et al. 1971). Signs of heart
failure subsequently appeared. These individuals had ingested an average of 0.04 mg cobalt/kg/day for a
period of years during which cobalt sulfate was added to beer as a foam stabilizer; however, it is likely

that alcohol consumption was also a factor.

In pregnant women given cobalt supplements (alone or combined with iron) to prevent the decrease in
hematocrit and hemoglobin levels commonly found during pregnancy (n=78), a small percentage of those
treated complained of gastric intolerance (Holly 1955). The women were treated with 0.5-0.6 mg
cobalt/kg/day as cobalt chloride for 90 days. Nausea was reported in one anemic patient following

treatment with 0.18 mg cobalt/kg/day as cobalt chloride (Duckham and Lee 1976b).

No morphological changes in the gastrointestinal system were observed following exposure of 20 male
rats for 3 months to 30.2 mg cobalt/kg/day as cobalt chloride in the drinking water (Domingo et al. 1984)
or exposure for 4 months to 18 mg cobalt/kg/day as cobalt chloride by gavage (Holly 1955).

Hematological Effects. Cobalt has been shown to stimulate the production of red blood cells in

humans. Davis and Fields (1958) exposed six apparently normal men, ages 20—47, to a daily dose of
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cobalt chloride, administered as a 2% solution diluted in either water or milk, for up to 22 days. Five of
the six received 150 mg cobalt chloride per day for the entire exposure period, while the sixth was started
on 120 mg/day and later increased to 150 mg/day. Blood samples were obtained daily from free-flowing
punctures of fingertips at least 2 hours after eating, and at least 15 hours after the last dosage of cobalt.
Blood was analyzed for red blood cell counts, hemoglobin percentage, leukocyte counts, reticulocyte
percentages, and thrombocyte counts. Exposure to cobalt resulted in the development of polycythemia in
all six subjects, with increases in red blood cell numbers ranging from 0.5 to 1.19 million (~16-20%
increase above pretreatment levels). Polycythemic erythrocyte counts returned to normal 9-15 days after
cessation of cobalt administration. Hemoglobin levels were also increased by cobalt treatment, though to
a lesser extent than the erythrocyte values, with increases of 6—11% over pretreatment values. In five of
the six subjects, reticulocyte levels were elevated, reaching at least twice the pre-experiment values.
Thrombocyte and total leukocyte counts did not deviate significantly from pretreatment values. From the
LOAEL of 1 mg/kg-day identified by this study, an intermediate-duration oral MRL of 1x10” mg/kg-day

was derived (for derivation, see Section 2.3 and Appendix A).

Increased levels of erythrocytes were also found following oral treatment of anephric patients (with
resulting anemia) with 0.16—1.0 mg cobalt’kg/day daily as cobalt chloride for 3-32 weeks (Duckham and
Lee 1976b; Taylor et al. 1977). The increase in hemoglobin resulted in a decreased need for blood
transfusions. Treatment of pregnant women for 90 days with 0.5—0.6 mg cobalt/kg/day as cobalt chloride,
however, did not prevent the reduction in hematocrit and hemoglobin levels often found during pregnancy

(Holly 1955).

Significantly increased erythrocyte (polycythemia), hematocrit, and hemoglobin levels were found in
animals treated orally with cobalt chloride as a single dose of 161 mg cobalt/kg (Domingo and Llobet
1984) or with longer-term exposure (3 weeks to 2 months) to >0.5 mg/kg/day (Brewer 1940; Davis 1937;
Domingo et al. 1984; Holly 1955; Krasovskii and Fridlyand 1971; Murdock 1959; Stanley et al. 1947).
Of particular note is an 8-week study in rats (Stanley et al. 1947), which reported dose- and time-related
increases in erythrocyte number following oral administration of cobalt chloride, with an apparent
NOAEL of 0.6 mg cobalt/kg/day and a LOAEL of 2.5 mg cobalt/kg/day. Changes in the levels of other
blood proteins (transferrin, several haptoglobulins, and ceruloplasmin) were noted in male Swiss mice
following 4, 24, and 48 hours of treatment with 76.4 mg cobalt/kg as cobalt chloride in the drinking water
(Bryan and Bright 1973). Exposure for 3 weeks or 3 months to 76.4 mg cobalt/kg as cobalt chloride in

the drinking water resulted in no alterations in serum proteins examined.
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Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans after

oral exposure to cobalt.

No morphological changes were found in the skeletal muscle of rats exposed to 30.2 mg cobalt/kg/day as
cobalt chloride in the drinking water for 3 months (Domingo et al. 1984). This NOAEL in rats for

intermediate-duration exposure is reported in Table 3-2 and plotted in Figure 3-2.

Hepatic Effects. Liver injury was evident in patients with beer-cobalt cardiomyopathy, characterized
by central hepatic necrosis accompanied by increased levels of serum bilirubin and serum enzymes
(serum glutamic oxaloacetic transaminase [SGOT], serum glutamic pyruvic transaminase [SGPT], lactate
dehydrogenase [LDH]), creatine phosphokinase, ornithine carbamyl transferase, isocitric dehydrogenase,
aldolase) (Alexander 1972; Morin et al. 1971). The hepatic injury may have resulted from ischemia,
secondary to the cardiac effects of cobalt, and/or from excessive alcohol consumption. The
cardiomyopathy resulted from the ingestion of beer containing 0.04 mg cobalt/kg/day as cobalt sulfate
that had been added as a foam stabilizer (Morin et al. 1971). Liver function tests were found to be normal
in pregnant women receiving up to 0.6 mg cobalt/kg/day as cobalt chloride for 90 days for treatment of

the decreases in hematocrit and hemoglobin levels commonly found during pregnancy (Holly 1955).

Data from animals have also indicated that cobalt has hepatic effects. Hyperemia of the liver and
cytoplasmic changes in hepatocytes (clumpy cytoplasm located along the cell membrane) were found in
rats administered a single dose of 68.2 mg cobalt/kg as cobalt fluoride or a single dose of 157.3 mg

cobalt/kg as cobalt oxide (Speijers et al. 1982).

Increased liver weight (17%) was found in rats exposed to 10 mg cobalt/kg/day (as cobalt chloride) for

5 months (Murdock 1959). No morphological or enzymatic changes were found in the livers of rats
exposed to 2.5-30.2 mg cobalt/kg as cobalt chloride by gavage or as cobalt chloride in the drinking water
for 3—7 months (D