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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986 (Public Law 99-499) extended and
amended the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or
Superfund). This public law directed the Agency for Toxic Substances and Disease Registry (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 Environmental Protection Agency (EPA). The revised list of the 275 most bazardous substances
was published in the Federal Register on October 28, 1992 (57 FR 48801). For prior versions of the list of
substances, sce Federal Register notices dated April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41230);
October 26, 1989 (54 FR 43619); October 17, 1990 (55 FR 42067); and October 17, 1991 (56 FR 52166).

Section 104(1)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list Each profile must include the following:

(A) The examination, summary, and interpretation of available toxicological information and
epidemiological evaluations on a hazardous substance in order 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.

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

This toxicological profile is prepared in accordance with guidelines developed by ATSDR and 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 is intended to succinctly characterize the toxicological and adverse
bealth effects information for the hazardous substance being described. Each profile identifies and reviews the
key literature (that has been peer-reviewed) that describes a hazardous substance’s toxicological properties.
Other pertinent literature is also presented, but described in less detail than the key studies. The profile is not

intended to be an exbaustive document; however, more comprehensive sources of specialty information are
referenced.

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
t0 determine a substance’s health effects is described in a health effects summary, Data needs that are of
significance to protect public bealth will be identified by ATSDR and EPA. The focus of the profiles is on

health and toxicological information; therefore, we have included this information in the beginning of the
document.



Foreword

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 our assessment of all relevant toxicological testing and information that has been peer
reviewed. It has been reviewed by scientists from ATSDR, the Centers for Disease Control and Prevention
(CDC), and other federal agencies. It has also been reviewed by a panel of nongovernment peer reviewers and
was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

oS Seheh—

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry
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PEER REVIEW

A peer review panel was assembled for acetone. The panel consisted of the following members:
1. Dr. Elizabeth Jeffery, Associate Professor of Toxicology, University of Illinois, Urbana, Illinois

2. Dr. Peter G. Lacouture, Associate Director, Clinical Research, Purdue Frederick Company,
Norwalk, Connecticut

3. Dr. John Morris, Associate Professor of Pharmacology and Toxicology, Toxicology Program,
School of Pharmacy, University of Connecticut, Storrs, Connecticut.

These experts collectively have knowledge of acetone’s physical and chemical properties, toxicokinetics,
key health end points, mechanisms of action, human and animal exposure, and quantification

of risk to humans. All reviewers were selected in conformity with the conditions for peer review
specified in Section 104(i)( 13) of the Comprehensive Environmental Response, Compensation, and
Liability Act, as amended.

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

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

This public health statement tells you about acetone and the effects of exposure. This

information is important because this chemical may harm you.

The Environmental Protection Agency (EPA) has identified 1,350 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. Acetone has been found in at least 560 NPL sites.

However, it’s unknown how many NPL sites have been evaluated for this substance.

As EPA tests more sites, the sites with acetone may increase. This is important because

exposure to acetone may harm you and because these sites are or may be sources of exposure.

When a large industrial plant or a small container releases a substance, 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 by breathing, eating, touching, or drinking.

If you are exposed to acetone, many factors determine if you’ll be harmed and how badly.
These factors include the dose (how much), the duration (how long), and how you’re exposed.
Y ou must also consider the other chemicals you’re exposed to and your age, sex, nutritional

status, family traits, lifestyle, and state of health.

1.1 WHAT IS ACETONE?

Acetone is a chemical that is found naturally in the environment and is also produced by
industries. Low levels of acetone are normally present in the body from the breakdown of
fat; the body can use it in normal processes that make sugar and fat (see Section 1.4).
Acetone is a colorless liquid with a distinct smell and taste. People begin to smell acetone in
air at 100 to 140 parts of acetone in a million parts of air (ppm), though some can smell it at
much lower levels. Most people begin to detect the presence of acetone in water at 20 ppm.

Acetone evaporates readily into the air and mixes well with water. Most acetone produced is
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used to make other chemicals that make plastics, fibers, and drugs. Acetone is also used to
dissolve other substances. You will find further information on the physical and chemical

properties of acetone, and its production and use in Chapters 3 and 4.

1.2 WHAT HAPPENS TO ACETONE WHEN IT ENTERS THE ENVIRONMENT?

Acetone enters the air, water, and soil as a result of natural processes and human activities.
Acetone occurs naturally in plants, trees, volcanic gases, and forest fires. People and animals
breathe out acetone produced from the natural breakdown of body fat. Acetone is also
released during its manufacture and use, in exhaust from automobiles, and from tobacco
smoke, landfills, and certain kinds of burning waste materials. The levels of acetone in soil
increase mainly because of acetone-containing wastes being buried in landfills. Acetone is
present as a gas in air. Some acetone in air is lost when it reacts with sunlight and other
chemicals. Rain and snow also remove small amounts of acetone from the atmosphere and,
in the process, deposit it on land and water. About half the acetone in a typical atmosphere
at any time will be lost in 22 days. Microbes (minute life forms) in water remove some
acetone from water. Some acetone in water will evaporate into air. About half the acetone in
a stream will be removed from water in less than a day. Fish do not store acetone from
water in their bodies. Microbes in soil remove part of the acetone in soil. Some is lost from
soil by evaporation. Acetone molecules do not bind tightly to soil. Rainwater and melted
snow dissolve acetone and carry it deeper into the soil to groundwater. You will find further

information about the fate and movement of acetone in the environment in Chapter 5.

1.3 HOW MIGHT | BE EXPOSED TO ACETONE?

Your body makes small amounts of acetone. You can be exposed to a small amount of
acetone by breathing air, drinking water, and eating food with acetone. You can also be
exposed by contact with household chemicals with acetone. Several consumer products,
including certain nail polish removers, particle board, some paint removers, many liquid or
paste waxes or polishes, and certain detergents or cleansers, contain acetone. You can also be

exposed to acetone if you are exposed to isopropyl alcohol, because isopropyl alcohol changes
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to acetone in the body. The level of acetone in air and water is generally low. The amount

of acetone in the air of cities is generally higher than in remote and rural areas. The typical
level of acetone in the air of cities in the United States is about 7 parts of acetone per billion
parts of air (ppb). The level of acetone in air inside homes is usually slightly higher than in
outside air (8 ppb versus 7 ppb). This is because of household chemical use inside homes.
Acetone in drinking water is so low that its levels have not been measured in many samples.
In a national survey, the acetone level in drinking water from Seattle, Washington, was 1 ppb.
Acetone occurs naturally in many fruits and vegetables. The amount of acetone in food does
not increase because of processing or packaging. The average amount of acetone an adult in

the United States gets from food is not known.

People who work in certain industries that process and use acetone can be exposed to higher
levels than the general populace. These industries include certain paint, plastic, artificial
fiber, and shoe factories. Professional painters and commercial and household cleaners are
also likely to breathe or touch higher acetone concentrations than the general population. As
a member of the general public, you may be exposed to higher than normal levels of acetone
if you smoke cigarettes, frequently use acetone nail polish removers, live near landfill sites
that contain acetone, live near busy roadways (because automobile exhaust contains acetone),
or live near other facilities that are known to release acetone, such as incinerators. The
exposure from these sources will be mainly from breathing air that contains acetone or by
direct skin contact with it. In addition, children can be exposed to acetone by eating dirt or
by placing dirty hands in their mouths after exposing their skin to dirt from landfill sites.

You will find further information about acetone exposure in Chapter 5.

1.4 HOW CAN ACETONE ENTER AND LEAVE MY BODY?

Your body normally contains some acetone because it’s made during the breakdown of fat.
Your body will make more acetone from body fat if you are on a low-fat diet. In addition to
the acetone that your body makes from normal processes, acetone can enter your body if you
breathe air that contains acetone, drink water or eat food that contains acetone, or if you

touch liquid acetone or soil that contains acetone.
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The bloodstream absorbs acetone rapidly and completely from the lungs and stomach. The
bloodstream can also absorb acetone from the skin, but less rapidly than from the lungs and

stomach. Blood carries acetone to all body organs, but it does not stay there very long.

The liver breaks down acetone to chemicals that are not harmful. The body uses these
chemical to make glucose (sugar) and fats that make energy for normal body functions. The
breakdown of sugar for energy makes carbon dioxide that leaves your body in the air you

breathe out. These are normal processes in the body.

Not all the acetone that enters your body from outside sources is broken down. The amount
that is not broken down leaves your body mostly in the air that you breathe out. You also
breathe out more carbon dioxide than normal if you are exposed to acetone from sources

outside the body because more carbon dioxide is made from the extra acetone.

Only a small amount of acetone that is not broken down leaves the body in the urine. The
acetone that is not used to make sugar leaves your body within a few days in the air you
breathe out and in the urine. The amount of acetone that enters and leaves your body
depends on how much you’re exposed to and for how long. The higher the level of acetone
and the longer that you are exposed will cause acetone to leave your body more slowly, but
almost all the acetone will leave your body within 3 days after your exposure stops. If you
exercise or work while exposed to acetone in air, more will enter your lungs because you
breathe faster and more deeply during exercise. For more information on how acetone enters

and leaves the body, see Chapter 2.

1.5 HOW CAN ACETONE AFFECT MY HEALTH?

As mentioned in Section 1.4, low levels of acetone are normally present in the body from the
breakdown of fat. The body uses acetone in normal processes that make sugar and fats that
make energy for normal body functions. Many conditions can lead to higher-than-average
amounts of acetone in the body. For example, babies, pregnant women, diabetics, and people

who exercise, diet, have physical trauma, or drink alcohol can have higher amounts of acetone
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in their bodies. These higher amounts of acetone usually don’t cause health problems. In

addition, acetone can prevent convulsions.

Most of the information on how acetone affects human health comes from medical exams of
workers on a single workday; from lab experiments in humans exposed to acetone in air for a
few days; and from cases of people who swallowed acetone-based glue or fingernail polish

r€mover.

Workers and people exposed to acetone in the lab complained that acetone irritated their
noses, throats, lungs, and eyes. Some people feel this irritation at levels of 100 ppm acetone
in the air, and more people feel the irritation as the level in air increases. The workers who
complained of irritation were exposed to levels of 900 ppm or more. Workers exposed to
acetone at 12,000 ppm or higher also complained of headache, lightheadedness, dizziness,
unsteadiness, and confusion depending on how long they were exposed (from 2 minutes to

4 hours). Two workers exposed for 4 hours became unconscious.

In addition, some people who had casts applied with acetone were exposed to acetone that
evaporated into air during and after the casts were applied. These patients became nauseous,
vomited blood, and became unconscious. These cases happened many years ago; modern
hospitals have different methods that don’t use acetone when casts are applied. Some people
exposed to acetone in the air at about 250 ppm for several hours in the lab had headaches and
lacked energy, and they also had some mild behavioral effects. These effects showed up in
tests of how long it takes to react to a visual stimulus or the ability to hear different sounds.
Some people exposed to 500 ppm in the air for several hours in the lab had effects on the

blood, but other studies showed no effects on the blood at even higher exposure levels.

Some women exposed to 1,000 ppm for about 8 hours in a lab said that their periods came
earlier than expected. Workers are not usually exposed to levels higher than 750 ppm
anymore because of current government regulations. The regulation says workroom air
should contain no more than an average of 750 ppm. Most people can smell acetone in the

air at 100 to 140 ppm; that means you will probably smell acetone before you feel effects like
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headache and confusion. Levels of acetone in air in rural areas and in cities (less than 8 ppb)

are generally lower than this.

People who swallowed acetone or substances that contained acetone became unconscious, but
they recovered in the hospital. The amount of acetone that these people swallowed was not
always known, but one man swallowed about 2,250 milligrams of pure acetone per kilogram
of body weight (2,250 mg/kg). In addition to becoming unconscious, he had tissue damage in
his mouth and he later developed a limp, which eventually cleared up, and symptoms similar
to diabetes (excessive thirst, frequent urination). The amount of acetone in water or food
would never be high enough to cause these effects, but people, especially children, could
accidentally swallow enough acetone in nail polish remover or some household cleaners to

cause such effects.

In a lab experiment, people who had liquid acetone applied directly on their skin and held
there for a half hour developed skin irritation. When the skin was looked at under a

microscope, some of the skin cells were damaged.

Animals briefly exposed to high levels of acetone in the air also had lung irritation and
became unconscious; some died. Exposure at lower levels for short periods also affected
their behavior. Pregnant animals that were exposed to high levels of acetone in air had
livers that weighed more than usual and had fewer fetuses. The fetuses weighed less than
normal and had delayed bone development. We do not know how exposure to acetone in air

for longer than 2 weeks affects animals.

Animals given large amounts of acetone to swallow or drink for short periods had bone
marrow hypoplasia (fewer new cells being made), degeneration of kidneys, heavier than
normal livers and bigger liver cells, and collapse and listlessness. Pregnant mice that
swallowed acetone had lower body weights and produced fewer newborn mice. More of the
newborns of mice that had swallowed acetone died than newborns of mice that were not

given acetone.
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Male rats that swallowed or drank even small amounts of acetone for long periods had
anemia and kidney disease. The female rats did not have anemia, but they had kidney disease
when they swallowed a much larger amount of acetone than the male rats swallowed. The
female rats had livers and kidneys that weighed more than normal, and so did the male rats,
but only when they swallowed larger amounts of acetone than the females swallowed. The
male rats also had abnormal sperm. The female rats did not have any effects in their

reproductive organs. Rats also had signs that acetone caused effects on their nervous systems.

Acetone is irritating to the skin of animals when it is placed directly on their skin, and it
burns their eyes when placed directly in their eyes. One kind of animal (guinea pigs) even

developed cataracts in their eyes when acetone was placed on their skin.

We do not know whether many of the effects seen in animals would occur in humans.
People exposed to acetone were not examined for some effects or could not be examined for
effects that can be seen only by looking at internal organs under a microscope. The findings
in animals show that male rats are more likely than female rats to get blood and kidney
disease and effects on reproductive organs after exposure to acetone. This suggests that men

might be more likely to have effects of exposure to acetone than women.

One effect of acetone seen in animals is an increase in the amount of certain enzymes
(chemicals in the body that help break down natural substances in the body and chemicals
that enter the body). The increase in these enzymes caused by acetone exposure can make
some chemicals more harmful. This is one reason that people should be concerned about
being exposed to acetone; exposure is very likely to mixtures of chemicals in the

environment, near hazardous waste sites, or in the workplace is very likely.

Acetone does not cause skin cancer in animals when it is applied to their skin. We don’t
know whether acetone would cause cancer after breathing or swallowing it for long periods,
because no tests have been done. The Department of Health and Human Services and the

International Agency for Research on Cancer have not classified acetone for carcinogenic
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effects. The EPA has determined that acetone is not classifiable as to its human

carcinogenicity.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO ACETONE?

Acetone can be measured in the air you breathe out, in the blood, and in the urine. Methods
for measuring acetone in breath, blood, and urine are available at most modern testing labs.
Doctors’ offices may not have the necessary equipment, but your doctor can take blood and
urine samples and send them to a testing lab. The measurement of acetone in breath, blood,
and urine can determine whether you have been exposed to acetone if the levels are higher
than those normally seen. They can even predict how much acetone you were exposed to.
However, normal levels of acetone in breath, blood, and urine can vary widely depending on
many factors, such as infancy, pregnancy, lactation, diabetes, physical exercise, dieting,
physical trauma, and alcohol. The odor of acetone on your breath can alert a doctor that you
have been exposed to acetone. An odor of acetone on your breath could also mean that you
have diabetes. Because acetone leaves your body within a few days after exposure, these
tests can tell only that you have been exposed to acetone within the last 2 or 3 days. These

tests cannot tell whether you will experience any health effects related to your exposure.

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

EPA requires that spills of 5,000 pounds or more of acetone be reported. To protect workers,
the Occupational Safety and Health Administration (OSHA) has set a legal limit of 750 ppm
of acetone in workroom air. The regulation means that the workroom air should contain no

more than an average of 750 ppm of acetone over an 8-hour working shift or over a 40-hour

workweek.
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1.8 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, E-29

Atlanta, Georgia 30333

404-639-6000

This agency can also tell you the location of occupational and environmental health clinics.
These clinics specialize in the recognition evaluation, and treatment of illness resulting from

exposure to hazardous substances.






ACETONE 11

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 acetone. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and
provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public

health.

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

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. LOAEL have been classified into “less serious” or “serious” effects. “Serious” effects are

those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute

respiratory distress or death). “Less serious” effects are those that are not expected to cause significant
dysfunction or death, or those whose significance to the organism is not entirely clear. ATSDR

acknowledges that a considerable amount of judgment may be required in establishing whether an end

point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some

cases, there will be insufficient data to decide whether the effect is indicative of significant

dysfunction. However, the Agency has established guidelines and policies that are used to classify
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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 (LOAELSs) 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 acetone. An MRL is defined as an estimate of daily human exposure to a substance
that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified
duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the target
organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given route of
exposure. MRLs are based on noncancerous health effects only and do not consider carcinogenic
effects. MRLs can be derived for acute, intermediate, and chronic duration exposures for inhalation

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

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA
1989a), 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 bronchitis. As these kinds of health effects data become available and methods to

assess levels of significant human exposure improve, these MRLs will be revised.

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

2.2.1.1 Death

In a retrospective mortality study of 948 employees (697 men, 251 women) of a cellulose fiber plant
where acetone was used as the only solvent, no significant excess risk of death from any cause (all

causes, malignant neoplasm, circulatory system disease, ischemic heart disease) compared with rates

for the U.S. general population was found (Ott et al. 1983a, 1983b). The workers had been employed

at the plant for at least 3 months to 23 years. Industrial hygiene surveys found that median time-weighted!

average acetone concentrations were 380, 770, and 1,070 ppm based on job categories.

As shown in Table 2-1 and Figure 2-1, high concentrations of acetone were required to produce death
in animals. An 8-hour LCs value of 21,091 ppm and a 4-hour LCs, value of 31,994 ppm were found
for female rats (Pozzani et al. 1959). Inhalation exposure to acetone for a few hours has resulted in
death in rats at concentrations ranging from 16, inhalation exposure to acetone for a few hours has
resulted in death in rats at concentrations ranging from 16,000 to 50,600 ppm (Bruckner and Peterson
1981a; Smyth et al. 1962) and in guinea pigs from 10,000 to 50,000 ppm (Specht et al. 1939). In
general, higher concentrations of acetone resulted in death sooner than lower concentrati