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DISCLAIMER

The use of company or product name(s) is for identification only and does not imply endorsement by the
Agency for Toxic Substances and Disease Registry.

This information is distributed solely for the purpose of pre dissemination public comment under
applicable information quality guidelines. It has not been formally disseminated by the Agency for Toxic
Substances and Disease Registry. It does not represent and should not be construed to represent any
agency determination or policy.
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UPDATE STATEMENT

A Toxicological Profile for Vanadium was released in 1992, This present edition supersedes any
previously released draft or final profile.

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

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Environmental Medicine/Applied Toxicology Branch
1600 Clifton Road NE
Mailstop F-62
Atlanta, Georgia 30333
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FOREWORD

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

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

The focus of the profiles is on health and toxicologic information. Each toxicological profile begins
with a public health statement that describes, in nontechnical language, a substance's relevant toxicological
properties. Following the public heaith statement is information conceming 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 toxic 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. We plan to
revise these documents in response to public comments and as additional data become available.
Therefore, we encourage comments that will make the toxicological profile series of the greatest use.

Comments should be sent to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Environmental Medicine
1600 Clifton Road, N.E.

Mail Stop F-62

Atlanta, Georgia 30333



vi

The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(i)(1) directs the Administrator of ATSDR to “...effectuate and implement the health related
authorities” of the statute. This includes the preparation of toxicological profiles for hazardous substances
most commonly found at facilities on the CERCLA National Priorities List and that pose the most
significant potential threat to hurnan health, as determined by ATSDR and the EPA. Section 104(i)(3) of
CERCLA, as amended, directs the Administrator of ATSDR to prepare a toxicological profile for each
substance on the list. In addition, ATSDR has the authority to prepare toxicological profiles for substances
not found at sites on the National Priorities List, in an effort to “...establish and maintain inventory of
literature, research, and studies on the health effects of toxic substances™ under CERCLA Section
104(i)(1XB), to respond to requests for consultation under section 104(i}4), and as otherwise necessary to
support the site-specific response actions conducted by ATSDR.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that
has been peer-reviewed. Staffs 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 is being made available for public review. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

MM 25

Howard Frumkin, M.D., Dr. P.H. Thomas R. Frieden, M.D,, M.P.H.
Director, National Center for Environmental Administrator, Agency for Toxic Substances and
Health/Agency for Toxic Substances and Disease Discase Registry

Registry
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

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

Primary Chapters/Sections of Interest

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

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets,
and assesses the significance of toxicity data to human health.

Chapter 3: Health Effects: Specific health effects of a given hazardous compound are reported by type
of health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length
of exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

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

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

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

ATSDR Information Center
Phone: 1-800-CDC-INFO (800-232-4636) or 1-888-232-6348 (TTY) Fax: (770)488-4178
E-mail: cdcinfo@cdc.gov Internet. http://www.atsdr.cdc.gov

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

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures;, Cholinesterase-Inhibiting Pesticide
Toxicity; and numerous chemical-specific case studies.
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and II are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume III—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

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

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta,

GA 30341-3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 « Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-NIOSH.

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

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Contact:
AQEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 « Phone: 202-347-4976
* FAX: 202-347-4950 « e-mail: AOEC@AOEC.ORG « Web Page: http://www.aoec.org/.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 25 Northwest Point Boulevard, Suite 700, Elk
Grove Village, IL 60007-1030 « Phone: 847-818-1800 « FAX: 847-818-9266.
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CONTRIBUTORS

CHEMICAL MANAGER(S)/AUTHOR(S):
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Jennifer Rhoades, B A.

Amy Hueber, M.L.S.

SRC, Inc., North Syracuse, NY

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 Applied Toxicology Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.

4, Green Border Review. Green Border review assures the consistency with ATSDR policy.
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PEER REVIEW

A peer review panel was assembled for vanadium. The panel consisted of the following members:
1. Janusz Z. Byczkowski, Ph.D., DABT, Independent Consultant, Fairborn, Ohio;

2. David Dorman, Ph.D., D.V.M., DABT, Associate Dean for Rescarch and Graduate Studies, North
Carolina State University, Raleigh, North Carolina; and

3. Anna Fan, Ph.D., DABT, Chief, Pesticide and Environmental Toxicology Branch, Office of
Environmental Health Hazard Assessment, California Environmental Protection Agency,
Oakland/Sacramento, California.

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

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

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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VANADIUM 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about vanadium and the effects of exposure to it.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the
nation. These sites are then placed on the National Priorities List (NPL) and are targeted for long-term
federal clean-up activities. Vanadium has been found in at least 319 of the 1,699 current or former NPL
sites. Although the total number of NPL sites evaluated for this substance is not known, the possibility
exists that the number of sites at which vanadium is found may increase in the future as more sites are
evaluated. This information is important because these sites may be sources of exposure and exposure to

this substance may be harmful.

When a substance is released either from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. Such a release does not always lead to exposure. You
can be exposed to a substance only when you come in contact with it. You may be exposed by breathing,

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

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

state of health.

1.1 WHAT IS VANADIUM?

Description Vanadium is a naturally occurring element. It is
widely distributed in the earth’s crust at an
average concentration of approximately
100 mg/kg. Vanadium is found in about
65 different minerals.

Depending on its form, vanadium can be a
gray-white metal or light gray or white lustrous
powder. Pure vanadium is a bright white, soft,
and ductile metal.
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Uses
¢ Vanadium metal

* Vanadium pentoxide

* Vanadyl sulfate and sodium metavanadate

Vanadium is used in producing rust-resistant,
spring, and high-speed tool steels. It is an
important carbide stabilizer in making steels.

Vanadium pentoxide is used in ceramics and
as a catalyst as well as in the production of
superconductive magnets.

Vanadyl sulfate and sodium metavanadate
have been used in dietary supplements.

For more information on the physical and chemical properties of vanadium and its production, disposal

and use, see Chapters 4 and 5.

1.2 WHAT HAPPENS TO VANADIUM WHEN IT ENTERS THE ENVIRONMENT?

Sources

Vanadium occurs naturally in soil, water, and
air. Natural sources of atmospheric vanadium
include continental dust, marine aerosol, and
volcanic emissions.

Releases of vanadium to the environment are
mainly associated with industrial sources,
especially oil refineries and power plants using
vanadium rich fuel oil and coal. Global human-
made atmospheric releases of vanadium has
been estimated to be greater than vanadium
releases due to natural sources. Natural
releases to water and soil are far greater overall
than human-made releases to the atmosphere.
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Break down

e Air

* Water and soil

Vanadium cannot be destroyed in the
environment. It can only change its form or
become attached or separated from airborne
particulate, soil, particulate in water, and
sediment.

Vanadium particles in the air settle to the
ground or are washed out of the air by rain.
Smaller particles, such as those emitted from
oil-fueled power plants, may stay in the air for
longer times and are more likely to be
transported farther away from the site of
release.

The transport and partitioning of vanadium in
water and soil is influenced by many factors
including acidity of the water or soil and the
presence of particulates. Vanadium can either
be dissolved in water as dissolved ions or may
become adsorbed to particulate matter.

1.3 HOW MIGHT | BE EXPOSED TO VANADIUM?

Food-primary source of exposure

Most foods have naturally occurring low
concentrations of vanadium. Seafood generally
contains higher concentrations of vanadium than
meat from land animals.

Daily intakes of vanadium from food ranging from
0.01 to 0.02 mg have been reported. Average
vanadium concentrations in tap water are
approximately 0.001 mg/L. Assuming that you
drink approximately 2 L of water a day, a daily
intake of approximately 0.002 mg of vanadium
from tap water can be estimated for adults.

Vanadium also may be found in various
commercial nutritional supplements and
multivitamins in amounts ranging from 0.0004 to
12.5 mg, depending on the serving size
recommended by the manufacturer.
Consumption of some vanadium-containing
supplements may result in intakes of vanadium
that would exceed intakes from food and water.

Populations in areas with high levels of residual
fuel oil consumption may also be exposed to
above-background levels of vanadium, both from
increased particulate deposition upon food crops
and soil in the vicinity of power plants.
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Air Most people take in very little vanadium from
breathing. The general population may also be
exposed to airborne vanadium through
inhalation, particularly in areas where use of
residual fuel oils for energy production is high.

Individuals exposed to cigarette smoke may also
be exposed to higher than background levels of
vanadium. Approximately 0.0004 mg of
vanadium is given off by in the smoke of one
cigarette.

Water and soil Vanadium concentrations in surface water can
range from approximately 0.04 to 220 ug/L
depending on geographical location.

For more information on how you might be exposed to vanadium, see Chapter 6.

1.4 HOW CAN VANADIUM ENTER AND LEAVE MY BODY?

Enter your body
¢ Inhalation Some of the vanadium you breathe will enter
your body through your lungs; however, we do
not know how much will enter.

* Ingestion A small amount of vanadium in food and water
(3—-20%) will enter your body through the
digestive tract. The vanadium compounds you
are exposed to will determine how much is
absorbed.

* Dermal contact We do not know how much vanadium will enter
your body through your skin. It is likely that
very little will pass through the skin.

For more information about how vanadium enters and leaves your body, see Chapter 3.
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1.5 HOW CAN VANADIUM AFFECT MY HEALTH?

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

Workers
¢ Inhalation

Laboratory animals
* Inhalation

Humans
e Oral

Laboratory animals
* Oral

Cancer

Breathing air with vanadium pentoxide can
result in coughing which can last a number of
days after exposure.

Damage to the lungs, throat, and nose have
been observed in rats and mice exposed to
vanadium pentoxide.

Nausea, mild diarrhea, and stomach cramps
have been reported in people taking sodium
metavanadate or vanadyl sulfate for the
experimental treatment of diabetes.

Stomach cramps were also reported in a study
of people taking about 13 mg vanadium/day.

A number of effects have been found in rats
and mice ingesting several vanadium
compounds. The effects include:

» Decreases in number of red blood cells

* Increased blood pressure

* Mild neurological effects

Lung cancer has been found in mice exposed
to vanadium pentoxide.

The International Agency for Research on
Cancer (IARC) has determined that vanadium
is possibly carcinogenic to humans.

For more information on health effects in people and animals after breathing, eating, or touching

vanadium, see Chapter 3.
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1.6 HOW CAN VANADIUM AFFECT CHILDREN?

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

conception to maturity at 18 years of age.

Effects in children

Birth defects

The health effects seen in children from
exposure to toxic levels of vanadium are
expected to be similar to the effects seen in
adults. We do not know if children will be more
sensitive to vanadium toxicity than adults.

We do not know whether vanadium can cause
birth defects in people.

Studies in animals exposed during pregnancy
have shown that vanadium can cause
decreases in growth and increases in the
occurrence of birth defects. These effects are
usually observed at levels which cause effects
in the mother.

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

Food

Consumer products

Vanadium is a naturally occurring element that
is widely distributed in the environment. It is
found in many foods, typically in small amounts.
You cannot avoid exposure to vanadium.

Exposure to the levels of vanadium that are
naturally present in food and water are not
considered to be harmful.

Consumption of some vanadium-containing
supplements may result in intakes of vanadium
that would exceed intakes from food and water.
You should check with your physician before
taking supplements containing vanadium to
determine if such supplements are appropriate
for you.

As a precaution, such products should have
child-proof caps or should be kept out of reach
of children so that children will not accidentally
ingest them.
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Air Individuals exposed to cigarette smoke may
also be exposed to higher-than-background
levels of vanadium. Awvoiding exposure to
cigarette smoke may reduce exposure of you
and your family to vanadium.

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

VANADIUM?

Detecting exposure All people have small amounts of vanadium in
their bodies. It can be measured in many
tissues and fluids including blood, urine, and
hair.

Measuring exposure Measurements of vanadium concentrations in

blood and urine can tell you whether you have
been exposed to larger-than-normal amounts of
vanadium. Blood and urinary vanadium levels
are considered the most reliable indicators of
occupational exposure to vanadium.

Measuring the concentration of vanadium in
breathing air, drinking water, and food can help
in determining how much vananium you are
exposed to.

Measuring vanadium levels in hair is not a good
indicator of occupational or environmental
exposure to vanadium.

For more information on ways to tell whether you have been exposed to vanadium see Chapters 3 and 7.

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

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

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

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

Recommendations and regulations are also updated periodically as more information becomes available.

For the most current information, check with the federal agency or organization that provides it.

Some regulations and recommendations for vanadium include the following:

Workplace air OSHA set a legal limit of 0.5 mg/m3 for
vanadium pentoxide respirable dust averaged
over an 8-hour work day. A limit of 0.1 mg/m3
for vanadium pentoxide fume has also been
established.

1.10 WHERE CAN | GET MORE INFORMATION?

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

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

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

substances.

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

to:

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Environmental Medicine
1600 Clifton Road NE

Mailstop F-62

Atlanta, GA 30333

Fax: 1-770-488-4178
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Organizations for-profit may request copies of final Toxicological Profiles from the following:

National Technical Information Service (NTIS)
5285 Port Royal Road

Springfield, VA 22161

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

Vanadium is the 22™ most abundant clement in the earth’s crust with an average concentration of

100 ppm. It exists in oxidation states ranging from -1 to +5 with 3+, 4+, and 5+ being the most common
oxidation states. Vanadium is primarily used in the production of rust-resistant, spring, and high-speed
tool steels; vanadium pentoxide is used in ceramics. Vanadium is released to the environment by
continental dust, marine acrosols, volcanic emissions, and the combustion of coal and petroleum crude
oils. It is naturally released into water and soil as a result of weathering of rock and soil erosion.
Ambient air concentrations of vanadium are low, with urban areas having higher concentrations. Average
vanadium concentrations were 3.0-3.7 ng/m’ in urban areas of Illinois; in rural areas, the vanadium
concentrations were 0.8-1.2 ng/m’. Higher vanadium levels have been measured in the eastern United
States due to the high density of oil fired power plants using vanadium-rich residual fuel oil. An average
vanadium air concentration of 620 ng/m’ was measured in Eastern cities compared to 11 ng/m’ in cities
throughout the United States. Vanadium residence time in the environment is inversely related to the
particle size. In water, vanadium is converted from trivalent forms to pentavalent forms. The levels of
vanadium in surface water range from 0.04 to 104 pg/L. Vanadium levels of 1.2-1.0 ug/L were

measured in tap water samples collected in several U.S. states.

Food is the primary route of exposure for the general population; foods with the highest vanadium content
include ground parsley, freeze-dried spinach, wild mushrooms, and oysters. Vanadium in food is mainly
ingested as VO** (vanadyl, V*") or HVO,” (vanadate, V°*). Estimates of dictary vanadium intake range
from 0.09 to 0.34 ug/kg/day in adults. Humans are potentially exposed to a variety of vanadium
compounds, the most common being vanadium pentoxide, sodium metavanadate, sodium orthovanadate,
vanadyl sulfate, and ammonium metavanadate. Organic anthropogenic vanadium compounds, such as
bis(maltolato)oxyvanadium (IV) or vanadyl acetyl acetonate, are used in the treatment of diabetes and
cancer; these compounds have different toxicokinetic properties than inorganic vanadium compounds and

are not discussed in this toxicological profile.

Although there is some evidence to suggest that vanadium is an essential nutrient, a functional role for
vanadium in humans has not been established; increases in abortion rates and decreased milk production
have been observed in vanadium-deprived goats. Vanadium mimics insulin and stimulates cell

proliferation and differentiation. In animal models, particularly streptozotoxin-induced diabetes in rats,
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vanadium has been shown to normalize blood glucose and lipid levels, improve insulin sensitivity, and
prevent or reverse secondary complications such as cardiomyopathy, cataract development, and impaired

antioxidant status.

2.2 SUMMARY OF HEALTH EFFECTS

The general population can be exposed to vanadium primarily through oral (ingestion of vanadium in
food) and inhalation routes of exposure. Based on occupational exposure studies, human experimental
studies, and studies in laboratory animals, the respiratory tract following inhalation exposure and the
gastrointestinal tract, hematological system, and developing organism following oral exposure are the

primary targets of toxicity.

Adverse respiratory effects have been reported in humans and animals exposed to vanadium compounds
at concentrations much higher than those typically found in the environment. Although the available data
in humans are limited, signs of airway irritation (e.g., coughing, wheezing, sore throat) have been
reported in subjects acutely exposed to 0.6 mg vanadium/m’ and in workers exposed to vanadium
pentoxide dust. These effects have persisted for days to weeks after exposure termination and are often
not associated with alterations in lung function. Studies in laboratory animals provide strong support that
the respiratory tract is the most sensitive target following inhalation exposure to vanadium. A variety of
lung lesions including alveolar/bronchiolar hyperplasia, inflammation, and fibrosis have been observed in
rats and mice exposed to vanadium pentoxide; the severity of the lesions is related to concentration and
duration. The lung effects have been observed following acute exposure to 0.56 mg vanadium/m’ and
chronic exposures to 0.28 mg vanadium/m’ and have been observed after 2 days of exposure. Longer
duration exposures also result in inflammation and hyperplasia in the larynx and hyperplasia in nasal
goblet cells. These histological alterations result in restrictive impairments in lung function; respiratory

distress is observed at vanadium pentoxide concentrations of >4.5 mg vanadium/nt’,

Other sensitive targets of vanadium toxicity include the gastrointestinal system following oral exposure
and hematological system following inhalation or oral exposure. Symptoms of gastrointestinal irritation
(diarrhea, cramps, nausea) have been observed in humans following bolus administration of sodium
metavanadate or vanadyl sulfate; it appears that with repeated exposure, humans develop a tolerance to
these effects. Diarrhea has also been observed in rats and mice orally exposed to lethal doses of
vanadium. Microcytic erythrocytosis (evidenced by decreases in hematocrit, hemoglobin, and mean cell

volume and increases in reticulocytes and nucleated erythrocytes) has been observed in rats exposed to
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1.1 mg vanadium/m’ as vanadium pentoxide for at least 4 days. Hematological effects, including
decreases in erythrocyte levels, decreases in hemoglobin, and increases in reticulocytes have also been

observed in rats orally exposed to 1.18 mg vanadium/kg/day as ammonium metavanadate for 4 weeks.

Information on the potential of vanadium to induce developmental effects in humans is limited, but
developmental effects have been observed in laboratory animals. Decreases in pup growth have been
observed at maternal doses of >2.1 mg vanadium/kg/day. At higher doses, decreases in pup survival and
gross, skeletal, and visceral malformations and anomalies have been reported; marked decreases in

maternal body weight are also observed at these dose levels.

No studies have examined the carcinogenic potential of vanadium in humans. An increase in lung
carcinoma incidence has been observed in mice chronically exposed to vanadium pentoxide; there is also
marginal evidence for lung cancer in male rats (incidence of carcinoma was higher than historical controls
but not concurrent controls). Carcinogenicity has not been adequately assessed in laboratory animals
following oral exposure. One study classified vanadium pentoxide in group 2B (possibly carcinogenic to
humans) based on inadequate evidence in humans and sufficient evidence in animals. The Department of

Health and Human Services and EPA have not classified carcinogenicity of vanadium.

2.3 MINIMAL RISK LEVELS (MRLs)

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for vanadium. 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 types of 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.

Inhalation MRLs
Acute-Duration Inhalation MRL

e An MRL of 0.0008 mg vanadium/m’ has been derived for acute-duration inhalation exposure
(14 days or less) to vanadium pentoxide dust.

Data on acute toxicity of vanadium in humans are limited to an experimental study in which a small
number of subjects were exposed to vanadium pentoxide dust for 8 hours (Zenz and Berg 1967). A
persistent cough lasting for 8 days developed in two subjects exposed to 0.6 mg vanadium/m’; at 0.1 mg
vanadium/m’, a productive cough without any subjective complaints or impact on work or home activities
were observed in five subjects. The available studies in laboratory animals focused on potential
respiratory tract effects. Impaired lung function, characterized as airway obstructive changes (increased
resistance and decreased airflow), was observed in monkeys exposed to 2.5 or 1.7 mg vanadium/m’ as
vanadium pentoxide for 6 hours (Knecht et al. 1985, 1992); the highest no-observed-adverse-cffect level
(NOAEL) for this effect was 0.34 mg vanadium/m’. In female rats exposed to 0.56 mg vanadium/m’

6 hours/day, 5 days/week for 13 days, minimal inflammation and histiocytic infiltration were observed
(NTP 2002). Alveolar and bronchiolar epithelial hyperplasia and inflammation were observed in the
lungs of mice similarly exposed to 1.1 mg vanadium/m’ as vanadium pentoxide (NTP 2002). Although
the Knecht et al. (1985, 1992) or NTP (2002) studies did not include examination of potential end points
outside of the respiratory tract, longer-duration studies have identified the respiratory tract as the most
sensitive target of toxicity (NTP 2002). The NTP (2002) rat study was selected as the basis of the acute-
duration inhalation MRL.

In the NTP (2002) study, groups of male and female F344 rats received whole-body exposure to 0, 1, 2,
or 4 mg vanadium pentoxide/m’ (0, 0.56, 1.1, or 2.2 mg vanadium/m’) as particulate acrosols 6 hours/day,
5 days/week. On days 6 and 13, 10 rats/group were killed and a histopathological examination of the
lungs was conducted. Four rats per group were killed for examination of the onset and extent of lung
lesions after 1, 2, 5, 10, or 16 days of exposure. Hyperplasia of alveolar epithelium and bronchiole
epithelium were observed in 100% of the female rats exposed to 1.1 or 2.2 mg vanadium/m’ for 6 or

13 days. Significant increases in the incidence of histiocytic infiltrate and inflammation were observed in
rats exposed to 1.1 or 2.2 mg vanadium/m’ for 6 or 13 days and in rats exposed to 0.56 mg vanadium/m’

for 13 days. A significant increase in fibrosis was observed in rats exposed to 2.2 mg vanadium/m’ for
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13 days. No histopathological alterations were observed in the four female rats killed after 1 day of
exposure; by day 2, inflammation and histiocytic infiltrates (increased number of alveolar macrophages)
were observed in the rats exposed to 2.2 mg vanadium/m’. Hyperplasia of the alveolar and bronchiolar

epidthelium was first observed on day 3 in rats exposed to 1.1 or 2.2 mg vanadium/m’.

A benchmark dose (BMD) approach was considered for derivation of the acute-duration inhalation MRL;
however, the fit was not considered adequate due to the limited amount of information from the study on
the shape of the exposure-response curve for lung inflammation; more information regarding the BMD
analysis is presented in Appendix A. A NOAEL/lowest-observed-adverse-effect level (LOAEL)
approach was used to derive the MRL. The LOAEL of 0.56 mg vanadium/m’ for lung inflammation was
selected as the point of departure for the MRL. This LOAEL was converted to a human equivalent
concentration (LOAELygq) of 0.073 mg vanadium/m’ (see Appendix A for more information on the
calculation of the LOAELygc) and divided by an uncertainty factor of 90 (3 for use of a minimal LOAEL,
3 for animal to human extrapolation using dosimetric adjustments, and 10 for human variability),

resulting in an acute-duration inhalation MRL of 0.0008 mg vanadium/m’.

Intermediate-Duration Inhalation MRL

The available data on the toxicity of vanadium following intermediate-duration inhalation exposure are
limited to several rat and mouse studies (NTP 2002) involving exposure to vanadium pentoxide for

6 hours/day, 5 days/week. These studies demonstrate that the respiratory tract is the most sensitive target
of toxicity. Signs of respiratory distress (rapid respiration, difficulty breathing) have been observed in
rats exposed to 4.4 mg vanadium/m’ as vanadium pentoxide for at least 4 weeks (NTP 2002). A 3-month
exposure resulted in increased incidences of lung lesions in rats and mice and nasal lesions in rats. Lung
effects included alveolar and bronchiolar epithelial hyperplasia, histiocytic infiltrates, inflammation, and
fibrosis. A NOAEL of 0.56 mg vanadium/m’ was identified in both species. At 1.1 mg vanadium/m’,
epithelial hyperplasia and inflammation (male rats and female mice only) were observed. In mice, the
severity of the lesions was graded as minimal. In rats, the epithelial hyperplasia was graded as mild in
males and minimal to mild in females and the inflammation was graded as mild. These data suggest that
at a given air concentration, rats are more sensitive than mice based on the severity of the lesions. In both
species, the severity of the lesions increased with increasing concentrations. Significant alterations in
pulmonary function suggestive of a restrictive disease were observed in rats exposed to 2.2 or 4.4 mg
vanadium/m’; lung function tests were not performed in mice. Nasal effects in rats included hyperplasia

and squamous metaplasia of the respiratory epithelium and inflammation. The NOAEL and LOAEL for

***DRAFT FOR PUBLIC COMMENT***



VANADIUM 16

2. RELEVANCE TO PUBLIC HEALTH

nasal effects were 2.2 and 4.5 mg vanadium/m’ in males and 1.1 and 2.2 mg vanadium/m’ in females. In
addition to the respiratory tract effects, mild microcytic erythrocytosis was observed in rats exposed to

>1.1 mg vanadium/m’.

The lowest LOAEL identified in intermediate-duration studies is 1.1 mg vanadium/m’ for lung epithelial
hyperplasia and inflammation in rats exposed 6 hours/day, 5 days/week for 13 weeks (NTP 2002); the
NOAEL for these effects is 0.56 mg vanadium/m’. However, this NOAEL is the same as the LOAEL for
lung inflammation in rats exposed for 13 days (NTP 2002). As summarized in Table 2-1, lung
inflammation was observed in rats exposed to 0.56 mg vanadium/m’ for 6 days (not significant), 13 days,
and 2 years. Although the three studies were conducted for the National Toxicology Program (NTP), the
13-week study was conducted at a different laboratory using the same strain of rats and vanadium
pentoxide dusts with similar particles sizes as the acute and chronic studies. An explanation for the
inconsistent findings is not apparent from the available data. Because an intermediate-duration inhalation
MRL based on the NOAEL identified in the 13-week study would be higher than the acute-duration
inhalation MRL, the database is not considered adequate for derivation of an intermediate-duration
inhalation MRL. However, it would be expected that the acute-duration inhalation MRL would be

protective of intermediate-duration exposure to vanadium.

Chronic-Duration Inhalation MRL

e An MRL of 0.0001 mg vanadium/m’ has been derived for chronic-duration inhalation exposure
(1 year or longer) to vanadium pentoxide dust.

Two-year rat and mouse studies conducted by NTP (2002) examined the chronic toxicity of inhaled
vanadium pentoxide 6 hours/day, 5 days/week for 2 years. At the lowest concentration tested in rats
(0.28 mg vanadium/m’), lung (increases in the incidence of alveolar and bronchiolar epithelial
hyperplasia), larynx (degeneration and hyperplasia of the epiglottis epithelium), and nasal (goblet cell
hyperplasia in respiratory epithelium) effects were observed. Similar lung and larynx effects were
observed in mice at the lowest concentration tested (0.56 mg vanadium/m’). The nasal effects observed
in mice exposed to 0.56 mg vanadium/m’ included goblet cell hyperplasia in the respiratory epithelium
and nasal olfactory epithelial atrophy and hyaline degeneration. In addition to these effects, a significant
increase in alveolar/bronchiolar carcinoma incidence was also observed in mice exposed to >0.56 mg
vanadium/m’. In male rats, an increased combined incidence of alveolar/bronchiolar adenoma or

carcinoma was also observed; however, the incidence was not significantly higher than concurrent

***DRAFT FOR PUBLIC COMMENT***



VANADIUM 17
2. RELEVANCE TO PUBLIC HEALTH
Table 2-1. Lung Effects Observed in Rats Exposed to Vanadium
Pentoxide 6 Hours/day, 5 Days/week for 6 or
13 Days, 3 Months, or 2 Years
mg vanadium/m®
Air concentration 0 0.28 0.56 11 22 45 9.0
6-Day study
Alveolar hyperplasia 0/10 0/10 10/1 (ga 8/10° (1.4)
1.1
Bronchiole 1/10 (1.0) 0/10 10/10% (1.7) 10/10°
hyperplasia (1.8)
Histiocytic infiltrate  2/10 (1.0) 6/10 (1.3) 10/10° (1.4) 10/10°
(1.8)
Inflammation 0/10 3/10 (1.0) 10/10% (1.5) 10/10°
(2.5
13-Day study
Alveolar hyperplasia 0/10 3/10 (1.0) 10/10% (1.0) 10/10°
(2.0
Bronchiole 0/10 0/10 10/10% (1.0) 10/10°
hyperplasia (1.8)
Histiocytic infiltrate 0/10 10/10° 10/10% (1.9) 10/10°
(1.3) (2.2
Inflammation 0/10 8/10 (1.3) 10/10% (1.7) 10/10°
(2.0
Fibrosis 0/10 0/10 0/10 6/10° (1.5)
3-Month study (males)
Epithelial hyperplasia 0/10 0/10 10/10° (2.0) 10/10° 10/10° 10/10°
(3.0 (3.6) (3.3)
Inflammation 0/10 0/10 9/10° (1.0) 10/10° 10/10 (1.6) 10/10°
(1.0 2.1
Fibrosis 0/10 0/10 2/10 (1.0) 10/10° 10/10° 10/10 (3.1)
(1.9) 3.2
3-Month study (females)
Epithelial hyperplasia 0/10 0/10 10/10% (1.3) 10/10° 10/10° 10/10°
(2.9 (3.9) 3.2
Inflammation 0/10 0/10 0/10 10/10° 10/10° 10/10°
(1.0 (1.9) (1.2)
Fibrosis 0/10 0/10 0/10 10/10° 10/10° 10/10°
(1.0 (2.9 3.2
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Table 2-1. Lung Effects Observed in Rats Exposed to Vanadium
Pentoxide 6 Hours/day, 5 Days/week for 6 or
13 Days, 3 Months, or 2 Years

mg vanadium/m®
Air concentration 0 0.28 0.56 11 22 45 9.0
2-Year study (males)
Alveolar hyperplasia 7/50 (2.3) 24/49° 34/48° 49/50° (3.3)

(2.0 (2.0

Bronchiole 3/50 (2.3) 17/49° 31/48° 49/50° (3.3)
hyperplasia 2.2 (1.8)

Inflammation 5/50 (1.6) 8/49 (1.8) 24/48° 42/50° (2.4)
(1.3)

Fibrosis 7/50 (1.4) 7/49 (2.0) 16/48° 38/50° (2.1)
(1.6)

Histiocyte infiltration  22/50 40/49° 45/48° 50/50° (3.3)
(1.3) (2.0 (2.3)

2-Year study (females)
Alveolar hyperplasia 4/49 (1.0) 8/49 (1.8) 21/50° 50/50° (3.1)

(1.2)

Bronchiole 6/49 (1.5) 5/49 (1.6) 14/50° 48/50°% (3.0)

hyperplasia (1.3)

Inflammation 10/49 10/49 (1.1) 14/50 (1.2) 40/50° (1.7)
(1.5)

Fibrosis 19/49  7/49° (1.3) 12/50 (1.6) 32/50% (1.4)
(1.4)

Histiocyte infiltration  26/49 35/49° 44/50° 50/50° (1.9)
(1.4) (1.3) 2.0)

a
p<0.05
bAverage severity grade of lesions in affected animals: 1=minimal; 2=mild, 3=moderate; 4=marked

Source: NTP 2002
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controls, but was higher than historical controls. Because the rat study identified a lower LOAEL for

lung, larynx, and nasal effects, it was selected as the basis of a chronic-duration inhalation MRL.

In the NTP (2002) study, groups of 50 male and 50 female F344 rats were exposed to 0, 0.5, 1, or 2 mg
vanadium pentoxide/m’ (0, 0.28, 0.56, and 1.1 mg vanadium/m’) 6 hours/day, 5 days/week for 104 weeks.
No significant alterations in survival or body weight gain were observed in the vanadium-exposed rats.
Alveolar histiocytic infiltrates were observed in males and females exposed to >0.28 mg vanadium/nr .
Significant increases in the incidence of hyperplasia of the alveolar and bronchiolar epithelium were
observed in males exposed to >0.28 mg vanadium/m’ and females exposed to >0.56 mg vanadium/m’.
Squamous metaplasia was observed in alveolar epithelium of males and females exposed to 1.1 mg
vanadium/m’ and in the bronchiolar epithelium of males exposed to 1.1 mg vanadium/m’. Chronic
inflammation was observed in males exposed to 0.56 or 1.1 mg vanadium/m’ and females exposed to

1.1 mg vanadium/m’ and interstitial fibrosis was observed in males exposed to 1.1 mg vanadium/m’ and
females exposed to 0.28 or 1.1 mg vanadium/m’. An increased incidence of brownish pigment in alveolar
macrophages was observed in males exposed to 1.1 mg vanadium/m’ and females exposed to 0.56 or

1.1 mg vanadium/m’; this effect was considered to be of little biological relevance. Chronic
inflammation, degeneration and hyperplasia of the epiglottis were observed in the larynx of males and
females exposed to >0.28 mg vanadium/m’; squamous metaplasia of the epiglottis respiratory epithelium
was also observed in males exposed to ><ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>