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FOREWORD

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

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

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a public health statement that describes, in nontechnical language, a substance's
relevant toxicological properties. Following the public health statement is information concerning levels
of significant 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.

v

Je P. Kgflan, M.D., M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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Disease Registry
*Legislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This
public law directed ATSDR to prepared toxicological profiles for hazardous substances most commonly
found at facilities on the CERCLA National Priorities List and that pose the most significant potential
threat to human health, as determined by ATSDR and the EPA. The availability of the revised priority
list of 275 hazardous substances was announced in the Federal Register on November 17, 1997 (62 FR
61332). For prior versions of the list of substances, see Federal Register notices dated April 29, 1996 (61
FR 18744); April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR
43619); October 17, 1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR
48801); and February 28, 1994 (59 FR 9486). Section 104(i)(3) of CERCLA, as amended, directs the
Administrator of ATSDR to prepare a toxicological profile for each substance on the list.
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

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

Primary Chapters/Sections of Interest

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

Chapter 2: Health Effects: Specific health effects of a given hazardous compound are reported by route
of exposure, by type of health effect (death, systemic, immunologic, reproductive), 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 2.7 Children’s Susceptibility
Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.8 Biomarkers of Exposure and Effect
Section 2.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 639-6357 Fax: (404) 639-6359
E-mail: atsdric@cdc.gov Internet: http://www.atsdr.cdc.gov

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

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

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

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 30341-
3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

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

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

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Contact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 « Phone: 202-347-4976 «
FAX: 202-347-4950 « e-mail: acec@dgs.dgsys.com *  AOEC Clinic Director: http://occ-env-
med.mc.duke.edu/oem/aoec.htm.

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: 847-228-6850 « FAX: 847-228-1856.
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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 chromium. The panel consisted of the following members:

1.  Dr. William Berndt, Professor, Department of Pharmacology, University of Nebraska Medical
Center, Omaha, Nebraska.

2. Dr. Max Costa, Professor, Department of Environmental Medicine, New York University School of
Medicine, Tuxedo, New York.

3. Dr. Steven R. Patierno, Professor of Pharmacology, Genetics and Urology, The George Washington
University Medical School; Professor of Environmental and Occupational Health, The George
Washington University School of Public Health, Washington, D.C.

4.  Dr. Elizabeth Snow, Assistant Professor, Nelson Institute of Environmental Medicine, New York
University Medical Center, Tuxedo, New York.

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

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

The citation of the peer review panel should not be understood to imply its approval of the profile's final
content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about chromium 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. Total Chromium has been found in at least 1,036 of the
1,591 current or former NPL sites. Chromium(VI) has been found in at least 120 of the 1,591
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 chromium 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.

If you are exposed to chromium, 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/them. You must also consider the other chemicals you’re exposed to and your age, sex, diet,

family traits, lifestyle, and state of health.

1.1 WHAT IS CHROMIUM?

Chromium is a naturally occurring element found in rocks, animals, plants, soil, and in volcanic
dust and gases. Chromium is present in the environment in several different forms. The most
common forms are chromium(0), trivalent (or chromium(III)), and hexavalent (or
chromium(VI)). Chromium(III) occurs naturally in the environment and is an essential nutrient
required by the human body to promote the action of insulin in body tissues so that sugar,

protein, and fat can be used by the body. Chromium(VI) and chromium(0) are generally
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produced by industrial processes. No known taste or odor is associated with chromium
compounds. The metal chromium, which is the chromium(0) form, is a steel-gray solid with a
high melting point. It is used mainly for making steel and other alloys. The naturally occurring
mineral chromite in the chromium(III) form is used as brick lining for high-temperature
industrial furnaces, for making metals and alloys (mixtures of metals), and chemical compounds.
Chromium compounds, mostly in chromium(III) or chromium(VI) forms, produced by the
chemical industry are used for chrome plating, the manufacture of dyes and pigments, leather
tanning, and wood preserving. Smaller amounts are used in drilling muds, rust and corrosion
inhibitors, textiles, and toner for copying machines. For more information on the physical and

chemical properties and on the production and use of chromium, see Chapters 3 and 4.

1.2 WHAT HAPPENS TO CHROMIUM WHEN IT ENTERS THE ENVIRONMENT?

Chromium enters the air, water, and soil mostly in the chromium(III) and chromium(VI) forms
as a result of natural processes and human activities. Emissions from burning coal and oil, and
steel production can increase chromium(III) levels in air. Stainless steel welding, chemical man-
ufacturing, and use of compounds containing chromium(VI) can increase chromium(VI) levels
in air. Waste streams from electroplating can discharge chromium(VI). Leather tanning and
textile industries as well as those that make dyes and pigments can discharge both chromium(III)
and chromium(VI) into waterways. The levels of both chromium(III) and chromium(VI) in soil
increase mainly from disposal of commercial products containing chromium, chromium waste

from industry, and coal ash from electric utilities.

In air, chromium compounds are present mostly as fine dust particles. This dust eventually
settles over land and water. Rain and snow help remove chromium from air. Chromium
compounds will usually remain in the air for fewer than 10 days. Although most of the
chromium in water binds to dirt and other materials and settles to the bottom, a small amount
may dissolve in the water. Fish do not accumulate much chromium in their bodies from water.
Most of the chromium in soil does not dissolve easily in water and can attach strongly to the soil.
A very small amount of the chromium in soil, however, will dissolve in water and can move

deeper in the soil to underground water. The movement of chromium in soil depends on the type
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and condition of the soil and other environmental factors. For more information about the fate

and movement of chromium compounds in the environment, see Chapters 4 and 5.

1.3 HOW MIGHT | BE EXPOSED TO CHROMIUM?

You can be exposed to chromium by breathing air, drinking water, or eating food containing
chromium or through skin contact with chromium or chromium compounds. The level of
chromium in air and water is generally low. The concentration of total chromium in air (both
chromium(IIl) and chromium(VI)) generally ranges between 0.01 and 0.03 microgram (png) (1 pg
equals 1/1,000,000 of a gram) per cubic meter of air (ug/m’). Chromium concentrations in
drinking water (mostly as chromium(III)) are generally very low, less than 2 parts of chromium in
a billion parts of water (2 ppb). Contaminated well water may contain chromium(VI). For the
general population, eating foods that contain chromium is the most likely route of chromium(III)
exposure. Chromium(IIl) occurs naturally in many fresh vegetables, fruits, meat, yeast, and
grain. Various methods of processing, storage, and preparation can alter the chromium content of
food. Acidic foods in contact with stainless steel cans or cooking utensils might contain higher
levels of chromium because of leaching from stainless steel. Refining processes used to make
white bread or sugar can decrease chromium levels. Chromium(III) is an essential nutrient for
humans. On the average, adults in the United States take in an estimated 60 pg of chromium
daily from food. You may also be exposed to chromium from using consumer products such as

household utensils, wood preservatives, cement, cleaning products, textiles, and tanned leather.

People who work in industries that process or use chromium or chromium compounds can be
exposed to higher-than-normal levels of chromium. An estimated 305,000 workers in the United
States are potentially exposed to chromium and chromium-containing compounds in the

workplace.

Occupational sources of chromium exposure (with chemical forms of interest shown in brackets)

may occur in the following industries:

C Stainless steel welding (chromium(VI))
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Chromate production (chromium(VI))

Chrome plating (chromium(VI))

Ferrochrome industry (chromium(III) and chromium(VI))
Chrome pigments (chromium(IIl) and chromium(VT))

Leather tanning (mostly chromium(III))

Examples of other occupations that may involve chromium exposure include these:

O O O O OO

Painters (chromium(III) and chromium(VI))

Workers involved in the maintenance and servicing of copying machines, and the
disposal of some toner powders from copying machines (chromium(V1))

Battery makers (chromium(VI))

Candle makers (chromium(IIl) and chromium(VT))

Dye makers (chromium(III))

Printers (chromium(IIl) and chromium(VI))

Rubber makers (chromium(IIl) and chromium(VI))

Cement workers (chromium(III) and chromium(VI))

A list of other industries that may be sources of occupational exposure is given in Section 5.5.

You may be exposed to higher-than-normal levels of chromium if you live near the following:

Landfill sites with chromium-containing wastes

Industrial facilities that manufacture or use chromium and chromium-containing
compounds

Cement-producing plants, because cement contains chromium

Industrial cooling towers that previously used chromium as a rust inhibitor
Waterways that receive industrial discharges from electroplating, leather tanning, and
textile industries

Busy roadways, because emissions from automobile brake lining and catalytic

converters contain chromium
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In addition, you may be exposed to higher levels of chromium if you use tobacco products, since
tobacco contains chromium. For additional information about chromium exposure, see

Chapter 5.

1.4 HOW CAN CHROMIUM ENTER AND LEAVE MY BODY?

Chromium can enter your body when you breathe air, eat food, or drink water containing
chromium. In general, chromium(VI) is absorbed by the body more easily than chromium(III),
but once inside the body, chromium(VI) is changed to chromium(III). When you breathe air
containing chromium, chromium particles can be deposited in the lungs. Particles that are
deposited in the upper part of the lungs are likely to be coughed up and swallowed. Particles
deposited deep in the lungs are likely to remain long enough for some of the chromium to pass
through the lining of the lungs and enter your bloodstream. Once in the bloodstream, chromium
is distributed to all parts of the body. Chromium will then pass through the kidneys and be
eliminated in the urine in a few days. Everyone normally eats or drinks a small amount of
chromium daily. Most of the chromium that you swallow leaves your body within a few days
through the feces and never enters your blood. A small amount (about 0.4-2.1%) will pass
through the lining of the intestines and enter the bloodstream. Chromium(IIl) present in food
can attach to other compounds that make it easier for chromium to enter your bloodstream from
your stomach and intestines. This form of chromium is used by your body to carry out essential
body functions. If your skin comes into contact with chromium, very little will enter your body

unless your skin is damaged. For more information, please read Chapter 2.

1.5 HOW CAN CHROMIUM 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.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and
released by the body; for some chemicals, animal testing may be necessary. Animal testing may

also be used to identify health effects such as cancer or birth defects. Without laboratory
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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.

Chromium(III) is an essential nutrient that helps the body use sugar, protein, and fat. An intake
of 50-200 pg of chromium(III) per day is recommended for adults. On the average, adults in the
United States take in an estimated 60—80 pg of chromium per day in food. Therefore, many
people's diets may not provide enough chromium(IIl). Without chromium(III) in the diet, the
body loses its ability to use sugars, proteins, and fat properly, which may result in weight loss or
decreased growth, improper function of the nervous system, and a diabetic-like condition.
Therefore, chromium(III) compounds have been used as dietary supplements and are beneficial

if taken in recommended dosages.

The health effects resulting from exposure to chromium(IIl) and chromium(VI) are fairly well
described in the literature. In general, chromium(VI) is more toxic than chromium(III).
Breathing in high levels (greater than 2 pg/m*) chromium(VI), such as in a compound known as
chromic acid or chromium(VI) trioxide, can cause irritation to the nose, such as runny nose,
sneezing, itching, nosebleeds, ulcers, and holes in the nasal septum. These effects have
primarily occurred in factory workers who make or use chromium(VI) for several months to
many years. Long-term exposure to chromium has been associated with lung cancer in workers
exposed to levels in air that were 100 to 1,000 times higher than those found in the natural
environment. Lung cancer may occur long after exposure to chromium has ended.
Chromium(V]) is believed to be primarily responsible for the increased lung cancer rates
observed in workers who were exposed to high levels of chromium in workroom air. Breathing
in small amounts of chromium(VI) for short or long periods does not cause a problem in most
people. However, high levels of chromium in the workplace have caused asthma attacks in
people who are allergic to chromium. Breathing in chromium(III) does not cause irritation to the
nose or mouth in most people. In the same way, small amounts of chromium(VTI) that you
swallow will not hurt you; however, accidental or intentional swallowing of larger amounts has

caused stomach upsets and ulcers, convulsions, kidney and liver damage, and even death. The
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levels of chromium(VI) that caused these effects were far greater than those that you might be
exposed to in food or water. Although chromium(III) in small amounts is a nutrient needed by
the body, swallowing large amounts of chromium(III) may cause health problems. Workers
handling liquids or solids that have chromium(VI) in them have developed skin ulcers. Some
people have been found to be extremely sensitive to chromium(VI) or chromium(III). Allergic
reactions consisting of severe redness and swelling of the skin have been noted. Exposure to
chromium(III) is less likely than exposure to chromium(VI) to cause skin rashes in chromium-
sensitive people. The metal, chromium(0), is less common and does not occur naturally. We do
not know much about how it affects your health, but chromium(0) is not currently believed to
cause a serious health risk. We have no reliable information that any form of chromium has
harmful effects on reproduction or causes birth defects in humans, though it does not seem likely
that the amount of chromium that most people are exposed to will result in reproductive or

developmental effects.

In animals that breathed high levels of chromium, harmful effects on the respiratory system and
a lower ability to fight disease were noted. However, we do not know if chromium can lower a
person's ability to fight disease. Some of the female mice that were given chromium(VI) by
mouth had fewer offspring and had offspring with birth defects. Some male mice that were
given chromium(VI) or chromium(III) by mouth had decreased numbers of sperm in the testes.
The birth defects or the decrease in sperm occurred in mice at levels about several thousand
times higher than the normal daily intake by humans. Some chromium(VI) compounds produced
lung cancer in animals that breathed in the particles or had the particles placed directly in their
lungs. In animals that were injected with some chromium(VI) compounds, tumors formed at the

site of injection.

Because some chromium(VI) compounds have been associated with lung cancer in workers and
caused cancer in animals, the Department of Health and Human Services has determined that
certain chromium(VI) compounds (calcium chromate, chromium trioxide, lead chromate,
strontium chromate, and zinc chromate) are known human carcinogens. The International
Agency for Research on Cancer (IARC) has determined that chromium(VI) is carcinogenic to

humans, based on sufficient evidence in humans for the carcinogenicity of chromium(VI)
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compounds as found in chromate production, chromate pigment production, and chromium
plating industries. TARC's determination is also based on sufficient evidence in experimental
animals for the carcinogenicity of calcium chromate, zinc chromate, strontium chromate, and
lead chromate; and limited evidence in experimental animals for the carcinogenicity of
chromium trioxide (chromic acid) and sodium dichromate. IARC has also determined that
chromium(0) and chromium(IIT) compounds are not classifiable as to their carcinogenicity to
humans. The EPA has determined that chromium(V1) in air is a human carcinogen. The EPA
has also determined that there is insufficient information to determine whether chromium(VI) in

water or food and chromium(III) are human carcinogens.

For more information on the health effects of chromium, please see Chapter 2.

1.6 HOW CAN CHROMIUM 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 who live near wastes sites where chromium is found are likely to be exposed to higher
environmental levels of chromium through breathing, touching soil, and eating contaminated
soil. Children at age five years or younger have higher levels of chromium in their urine than do
adults and children living outside of contaminated areas. Very few studies have looked at how
chromium can affect the health of children. Children need small amounts of chromium(III) for
normal growth and development. It is likely that the health effects seen in children exposed to
high amounts of chromium will be similar to the effects seen in adults. We do not know whether

children differ from adults in their susceptibility to chromium.

We do not know if exposure to chromium will result in birth defects or other developmental
effects in people. Birth defects have been observed in animals exposed to chromium(VI).
Death, skeletal deformities, and impaired development of the reproductive system have been
observed in the newborn babies of animals that swallowed ch