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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.

= /
Jeffrey P. chl .D., MPH.
Admmlstrator
Agency for Toxic Substances and
Disease Registry
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*Legislative Background

The toxicological profiles are developed in response to the Super-fund 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 Super-fund). This
public law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly
found at facilities on the CERCLA National Priorities List and that pose the most significant potential
threat to human health, as determined by ATSDR and the EPA. The availability of the revised priority list
of 275 hazardous substances was announced in the Federal Register on 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 eftect (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 2.6 Children’s Susceptibility

Section 5.6 Exposures of Children

Other Sections of Interest:
Section 2.7 Biomarkers of Exposure and Effect
Section 2.10 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 I1I---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 ePhone:
770-488-7000 eFAX: 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 ePhone: 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 ePhone: 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 ePhone: 202-347-4976 eFAX: 202-347-4950 ec-
mail: aoec@dgs.dgsys.com e®AOEC Clinic Director: http://occ-envmed..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 ePhone: 847-228-6850
oFAX: 847-228-1856.
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profile, and makes recommendations for derivation of MRLs.
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consistency across profiles and adherence to instructions in the Guidance.
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PEER REVIEW

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

1. Dr. Charles Buncher, Director, Division of Epidemiology and Biostatistics, University of
Cincinnati College of Medicine, Cincinnati, OH;

2 . Dr. Inge Harding-Barlow, Private Consultant, Palo Alto, CA;
3. Dr. Norman Trieff, Professor, University of Texas Medical Branch, Galveston, TX
4 . Dr. Allen Alfrey, Physician, Denver CO; and

5. Dr. Mari Golub, Professor, California Regional Primate Research Center, University of California,
Davis CA

These experts collectively have knowledge of aluminums 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 aluminum and the effects of exposure.

The Environmental Protection Agency (EPA) has identified 1,445 hazardous waste sites as the
most serious in the nation. These sites make up the National Priorities List (NPL) and are
targeted for long-term federal clean-up activity. Aluminum has been found in at least 427 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 aluminum 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 can be exposed to a substance only when you come in contact with it by

breathing, eating, touching, or drinking.

If you are exposed to aluminum many factors determine whether you’ll be harmed. These
factors include the dose (how much), the duration (how long), the form (which chemical
compound), 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.

1.1 WHAT IS ALUMINUM?

Aluminum is the most abundant metal and the third most abundant element, after oxygen and
silicon, in the earths crust. It is widely distributed and constitutes approximately 8 percent of the
earth’s surface layer. However, aluminum is a very reactive element and is never found as the
free metal in nature. It is found combined with other elements, most commonly with oxygen,
silicon, and fluorine. These “chemical compounds” are commonly found in soil, minerals (e.g.,

sapphires, rubies, turquoise), rocks (especially igneous rocks), and clays. These are the natural
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forms of aluminum rather than the silvery metal. The metal is obtained from aluminum-containing
minerals, primarily bauxite. Small amounts of aluminum are even found in water in

dissolved or ionic form. (Ions are atoms, collections of atoms, or molecules containing a positive
or negative electric charge.) The most commonly found ionic forms of aluminum are complexes

formed with hydroxy (hydrogen attached to oxygen) ions.

Aluminum metal is light in weight and silvery-white in appearance. We are most familiar with aluminum
in beverage cans, pots and pans, airplanes, siding and roofing, and foil. The reason why aluminum metal
is so durable is that the aluminum atoms on the surface of the metal quickly combine with oxygen in the
air to form a thin, strong, and protective coating of aluminum oxide or alumina. Since pure aluminum is
very soft, aluminum is often mixed with small amounts of other metals to form aluminum alloys, which

are stronger and harder.

Aluminum compounds are used in many diverse and important industrial applications such as
alums in water-treatment and alumina in abrasives and furnace linings. They are found in
consumer products such as antacids, astringents, buffered aspirin, food additives, and
antiperspirants. Powdered aluminum metal is often used in explosives and fireworks. To learn

more about the properties and uses of aluminum see Chapters 3 and 4.

1.2 WHAT HAPPENS TO ALUMINUM WHEN IT ENTERS THE ENVIRONMENT?

Aluminum occurs naturally in soil, water, and air. It is redistributed or moved by natural and
human activities. High levels in the environment can be caused by the mining and processing of
its ores and by the production of aluminum metal, alloys, and compounds. Small amounts of
aluminum are released into the environment from coal-fired power plants and incinerators.

Virtually all food, water, and air contain some aluminum which nature is well adapted to handle.

Aluminum cannot be destroyed in the environment. It can only change its form or become
attached or separated from particles. Aluminum particles released from power plants and other

combustion processes are usually attached to very small particles. Aluminum contained in
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wind-borne soil is generally found in larger particles. These particles settle to the ground or are

washed out of the air by rain. Aluminum that is attached to very small particles may stay in the

air for many days. Most aluminum will ultimately end up in the soil or sediment. Aluminum in

soil is taken up into plants, which are eaten by animals. Aluminum is not known to bioconcentrate up the
food chain and therefore, vegetables, fruits, fish, and meat will not

generally contain high concentrations of aluminum An exception is tea plants which can

accumulate aluminum. Because of the toxicity of dissolved aluminum to many aquatic

organisms, including fish, these animals would die before the amount of aluminum in the animal

became very high.

Most aluminum-containing compounds do not dissolve much in water unless the water is acidic.
However, when acid rain falls, aluminum compounds in the soil may dissolve and enter lakes and
streams. Since the affected bodies of water are often acidic themselves from the acid rain, the dissolved
aluminum does not combine with other elements in the water and settle out as it would under normal (i.e.,
non-acidic) conditions. In this situation, abnormally high concentrations of aluminum may occur. For

more information on aluminum in the environment, see Chapter 5.

1.3 HOW MIGHT | BE EXPOSED TO ALUMINUM?

Aluminum is found naturally in the environment. You are always exposed to some aluminum by
eating food; drinking water, ingesting medicinal products like certain antacids and buffered
analgesics that contain aluminum, or breathing air. You may also be exposed by skin contact
with soil, water, aluminum metal, antiperspirants, food additives (e.g., some baking powders) or
other substances that contain aluminum Analytical methods used by scientists to determine the
levels of aluminum in the environment generally do not determine the specific form of aluminum
present. Therefore, we do not always know the form of aluminum a person may be exposed to.
Similarly, we do not what forms of aluminum are present at hazardous waste sites. Some forms
of aluminum 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, such as those found in acidic lakes,

may be taken up by plants and animals and, therefore, be more hazardous.
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Aluminum is the most abundant metal in the earth’s crust. Its concentration in soils varies

widely, ranging from about 0.07 percent by weight or 700 parts per million parts of soil (ppm) to
over 10 percent by weight or 100,000 ppm, and the typical concentration is about 7.1% by weight or
71,000 ppm.

Levels of aluminum in the air generally range from 0.005 to 0.18 nanograms (1 nanogram ng,
equals a billionth of a gram) of aluminum per cubic meter of air (0.005-0. 18 ng/m’), depending
on location, weather conditions, and the level of industrial activity in the area. Most of the
aluminum in the air is in the form of small suspended particles of soil (dust). Aluminum levels
in urban and industrial areas can range from 0.4 to 10 ng/m’. The amount of aluminum you
breathe in a day is much less than you consume in food. You may breathe in higher levels of
aluminum in dust if you live in areas where the air is dusty, where aluminum is mined or

processed into aluminum metal or near certain hazardous waste sites.

The concentration of aluminum in natural waters is generally below 0.1 parts of aluminum per
million parts of water (0.1 ppm) unless the water is very acidic. People generally consume very
little aluminum from drinking water. Drinking water is sometimes treated with aluminum salts,
but even then aluminum levels generally do not exceed 0.1 ppm although several cities have of
0.4 to 1 ppm of aluminum in their drinking water. Unprocessed foods like fresh fruits,
vegetables, and meat contain very little aluminum However aluminum compounds may be
added to foods (e.g., baking powder) during processing. Foods such as processed cheese and
cakes may contain moderate amounts of aluminum as a result of its addition during processing.
Soy-based infant formula may also contain moderate amounts of aluminum. An adult eats about
7 to 9 milligrams (1 milligram equals a thousandth of a gram) of aluminum per day in their food.
People are exposed to aluminum in some cosmetics such as deodorants and in pharmaceuticals
such as antacids, buffered aspirin, and intravenous fluids. The amount of aluminum ingested in
antacids is as much as 200 milligram per tablet. For more information on how you might be

exposed to aluminum see Chapter 5.
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1.4 HOW CAN ALUMINUM ENTER AND LEAVE MY BODY?

When you eat aluminum in your food or drink it in liquids, very little goes from your stomach
into your bloodstream Most aluminum leaves your body quickly in the feces. The small amount
of aluminum that does enter the bloodstream leaves in the urine. You breathe in very little
aluminum from the air, and very little can enter your body through the skin. To learn more, see

Chapter 2.

1.5 HOW CAN ALUMINUM 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 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.

Exposure to aluminum is usually not harmful. Aluminum occurs naturally in many foods.
Factory workers who breathe large amounts of aluminum dusts can have lung problems, such as
coughing or changes that show up in chest X-rays. The use of breathing masks and controls on
the levels of dust in factories have eliminated this problem Some workers who breathe
aluminum dusts or aluminum fumes have decreased performance in some tests that measure
functions of the nervous system Some people who have kidney disease store a lot of aluminum
in their bodies. The kidney disease causes less aluminum to be removed from the body in the
urine. Sometimes these people developed bone or brain diseases that doctors think were caused
by the excess aluminum. Some studies show that people exposed to high levels of aluminum

may develop Alzheimer’s disease, but other studies have not found this to be true. We do not
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know for certain whether aluminum accumulation is a result of the disease or its cause. People

may get skin rashes from the aluminum compounds in some underarm antiperspirants.

Rats and hamsters showed signs of lung damage after breathing very large amounts of aluminum
as chlorohydrate or pure metal dust. Some animals died when they were given very large
amounts of aluminum in water, and others gained less weight than normal. Animals exposed to
aluminum appeared weaker and less active in their cages, and were less responsive to loud

noises.

We do not know if aluminum will affect reproduction in people. Aluminum does not appear to
affect reproduction in animals. Aluminum has not been shown to cause cancer in animals. To

learn more about the health effects of aluminum exposure, see Chapter 2.

1.6 HOW CAN ALUMINUM AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception
to maturity at 18 years of age in humans. Potential effects on children resulting from exposures

of the parents are also considered.

Children may be exposed to high levels of aluminum in drinking water. Brain and bone disease
have been seen in children with kidney disease. Bone disease has also been seen in children
taking some medicines containing aluminum. Animals exposed to aluminum appeared weaker
and less active in their cages, and some movements appeared less coordinated than animals not
exposed to aluminum. In addition, aluminum also made some animals unusually sensitive to
high temperature. These effects are similar to those seen in adults. It does not appear that

children are more sensitive than adults.

We do not know if aluminum will cause birth defects in people. Birth defects have been seen in
animals. Effects on the nervous system have been seen in the newborn babies of animals

exposed to aluminum in the diet.
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There does not appear to be any difference between children and adults in terms of how much
aluminum will enter the body, where aluminum can be found in the body, and how fast
aluminum will leave the body. Aluminum from the mother can enter her unborn baby through
the placenta. Aluminum is found in breast milk, but only a small amount of this aluminum will

enter the infant’s body through breastfeeding.

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

If your doctor finds that you have been exposed to significant amounts of aluminum, ask your
doctor if children may also be exposed. When necessary your doctor may need to ask your state

Department of Public Health to investigate.

The most important way families can lower exposures to aluminum is to know about the sources
of aluminum that may affect their health and lessen their exposure to these sources. Since
aluminum is so common and widespread in the environment, we cannot avoid exposure to
aluminum In addition, exposure to the low levels of aluminum that are naturally present in food
and water and the forms of aluminum that are present in dirt and aluminum pots and pans is
generally not harmful. Eating large amounts of processed food containing aluminum additives,
cooking acid food in aluminum pots, or taking aluminum-containing drugs is the most common
way that families may be exposed to high levels of aluminum. Of these sources, avoiding taking
large quantities of soluble forms of aluminum such as aluminum-containing antacids and
buffered aspirin is the best way to reduce exposure to aluminum. In addition, the products
should have child-proof caps so that children will not accidentally eat them. Families should also
be aware that soy-based infant formula may contain high levels of aluminum and may want to

consult with their physician on the choice of formula for their infant.
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1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO ALUMINUM?

All people have small amounts of aluminum in their bodies. It can be measured in the blood,
feces, or urine, Only the urine measurements can tell you whether you have been exposed to
larger-than-normal amounts of aluminum. Y our doctor would have to send a sample to a

specialized laboratory to do this test. To learn more, see Chapters 2 and 6.

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

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, then they are 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 aluminum include the following:
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EPA requires industry to report spills of more than 5,000 pounds of aluminum sulfate. Special
regulations are set for aluminum phosphide because it is a pesticide. EPA has recommended a
Secondary Maximum Contaminant Level (SMCL) of 0.05 to 0.2 milligrams per liter (mg/L) for
aluminum in drinking water. The SMCL is not a based on levels that will affect humans or
animals. It can be based on taste, smell, or color. OSHA says that the amount of aluminum dusts
that workers breathe should be not more than 15 milligrams per cubic meter (mg/m’) of air. FDA
has determined that ,aluminum cooking utensils, aluminum foil, antiperspirants, antacids, and

other aluminum products are generally safe. To learn more, see Chapter 7.

1.10 WHERE CAN | GET MORE INFORMATION?

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

environmental quality department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

* Information line and technical assistance

Phone: 1-888-42-ATSDR
Fax: (404) 639-6359 or 6324

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.
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* To order toxicological profiles, contact:

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161

Phone: (800) 553-6847 or (703) 487-4650

10
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2. HEALTH EFFECTS

2.1 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 of the toxicology of aluminum 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.

Once mineral-bound aluminum is recovered from ores, it forms metal complexes or chelates, Examples
of the different forms of aluminum include aluminum oxide, aluminum chlorhydrate, aluminum
hydroxide, aluminum chloride, aluminum lactate, aluminum phosphate, and aluminum nitrate. The metal
itself is also used. With the exception of aluminum phosphide, the anionic component does not appear to
influence toxicity, although it does appear to influence bioavailability. Aluminum phosphide, which is
used as a pesticide, is more dangerous than the other forms; however, this is because of the evolution of

phosphine gas (a potent respiratory tract and systemic toxin) rather than to the exposure to aluminum.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

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

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

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

or death). “Less serious” effects are those that are not expected to cause significant dysfunction or death,
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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 (LOAEL) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

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

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for aluminum 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 organs(s) of
effect or the most sensitive health effect(s) for a specific duration within a given route of exposure.
MRLs are based on noncancer health effects only and do not reflect a consideration of carcinogenic
effects. MRLs can be derived for acute, intermediate, and chronic duration exposure for inhalation and

oral routes. Appropriate methodology does not exist to develop MRLs for derrnal 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 result from repeated acute insults, such as hypersensitivity reactions, asthma, or chronic bronchitis.
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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.

2.2.1 Inhalation Exposure

2.2.1.1 Death

No studies were located regarding death following acute- or intermediate-du