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DISCLAIMER

The use of company or product name(s) is for identification only and
does not imply endorsement by the Agency for Toxic Substances and Disease
Registry.
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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 which are most commonly found at facilities on the CERCLA
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17,
1987; on October 20, 1988; on October 26, 1989; and on October 17, 1990.
A revised list of 275 substances was published on October 17, 1991.

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

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
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 which present a
significant risk to human health of acute, subacute, and chronic
health effects.

(C) Where appropriate, an 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 characterize
succinctly the toxicological and adverse health 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 exhaustive document;
however, more comprehensive sources of specialty information are
referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which 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 will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, 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.

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, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

(s L Roper”

William L. Roper, M.D., M.P.H.
Administrator
Agency for Toxic Substances and
Disease Registry
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1. PUBLIC HEALTH STATEMENT

This Statement was prepared to give you information about 2-butanone (methyl
ethyl ketone) and to emphasize the human health effects that may result from
exposure to it. The Environmental Protection Agency (EPA) has identified 1,177
sites on its National Priorities List (NPL). 2-butanone has been found at 137 of
these sites. However, we do not know how many of the 1,177 NPL sites have been
evaluated for 2-butanone. As EPA evaluates more sites, the number of sites at
which 2-butanone is found may change. The information is important for you because
2-butanone may cause harmful health effects and because these sites are potential
or actual sources of human exposure to 2-butanone.

When a chemical 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 as a
chemical emission. This emission, which is also called a release, does not always
lead to exposure. You are exposed to a chemical only when you come into contact
with the chemical. You may be exposed to it in the environment by breathing,
eating, or drinking substances containing the chemical or from skin contact with
it.

If you are exposed to a hazardous substance such as 2-butanone, several
factors will determine whether harmful health effects will occur and what the type
and severity of those health effects will be. These factors include the dose (how
much), the duration (how long), the route or pathway by which you are exposed
(breathing, eating, drinking, or skin contact), the other chemicals to which you
are exposed, and your individual characteristics such as age, sex, nutritional
status, family traits, life style, and state of health.

1.1 WHAT IS 2-BUTANONE?

2-Butanone, also known as methyl ethyl ketone (MEK), is a colorless liquid
with a sweet, but sharp odor. 2-Butanone is manufactured in large amounts for use
in paints, glues, and other finishes because it rapidly evaporates and will
dissolve many substances, It will quickly evaporate into the air. 2-Butanone is
often found dissolved in water or as a gas in the air. 2-Butanone is also a
natural product made by some trees and is found in some fruits and vegetables. The
exhausts of cars and trucks release 2-butanone into the air. 2-Butanone is usually
found in the air, water, and soil of landfills and hazardous waste sites.

In water, 2-butanone can be changed to a more simple chemical form by natural
biological processes and will be broken down in about 2 weeks. It will not be
deposited in the sediment of rivers or lakes, and it is not expected to concentrate
in fish. In air, 2-butanone will break down under the influence of sunlight,
although it does not react with sunlight directly. One-half of any given amount of
2-butanone in the air will break down in 1 day or less. It is not known if 2[J
butanone changes to a more simple form by
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natural biological processes in soil, but it is expected to do so because

similar substances are broken down by these processes. 2-Butanone will not
stick to soil, and if it is spilled onto soil, it will travel through the

soil into underground water sources. Some of the 2-butanone found in soil

or water will also evaporate to the air.

You will find more information on the chemical properties of 2[]
butanone in Chapter 3. The uses of 2-butanone are given in Chapter 4. More
information on how 2-butanone behaves in the environment is found in
Chapter 5.

1.2 HOW MIGHT I BE EXPOSED TO 2-BUTANONE?

2-Butanone can enter the environment in a number of different ways.
It can enter the air or water from the waste of manufacturing plants. 2[J
Butanone is present in many different types of paints and glues used both
in the home and in industry. As these products dry, 2-butanone will enter
the air. 2-Butanone is also in air because it is released in the exhaust
of cars and trucks. Some trees in the forest release 2-butanone to the
air.

We do not know the background levels of 2-butanone in air, water, or
soil. We know that 2-butanone is found naturally in some foods. We know
it is found at hazardous waste sites, and it is also found occasionally in
drinking water and often in the air of cities. You may also be exposed to
2-butanone by smoking cigarettes.

You may be exposed to higher levels of 2-butanone if you use glues of
coatings containing it in a small enclosed area that does not have good air
flow, People who use it at work have a good chance of being exposed to 2[J
butanone. 2-butanone is used in such industries as shoes factories, printing
plants, plastics factories, and sporting goods manufacturers. People who live
near a toxic waste site where 2-butanone is kept may breathe it if it
evaporates into the air, or drink it if it gets into the water supply,
especially when the water supply comes from wells.

You can find more information on how much 2-butanone is in the
environment and how you can be exposed to it in Chapter 5.

1.3 HOW CAN 2-BUTANONE ENTER AND LEAVE MY BODY?

2-butanone can enter your body if you breathe air that contains it, through
your skin if it touches you, or through your mouth if you eat food or drink water
that has 2-butanone in it. Studies have shown that, if there is 2-butanone in the
air you breathe, at least half of what you breathe in will enter your body. The
other half will leave in the air you breathe out. We do not know how much
2-butanone will stay in your body if you drink it or if it touches your skin. The
amount of 2-butanone that actually enters your body depends on how much is in the
air you breathe, how much is in your food or
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water, or how much gets on your skin. The amount of 2-butanone that enters your body
also depends on how long you breathe it or how long it is on your skin before you wash
it off. Your body gets rid of 2-butanone in urine and in the air you breathe out. 2[J
Butanone is not a chemical that stays in your body for very long; it will be gone by
the next day. For more information on how 2-butanone gets into and leaves your body,
see Chapter 2.

1.4 HOW CAN 2-BUTANONE AFFECT MY HEALTH?

Some people who breathed air that contained 2-butanone first noticed its sweet,
sharp odor at a concentration of 5-8 parts of 2-butanone per million parts of air (5-8
ppm) . The main health effects that have been seen in humans who breathed higher
concentrations of 2-butanone are mild irritation of the nose, throat, eyes, and skin.

Serious health effects in animals have been seen only at very high
concentrations of 2-butanone. These high concentrations are not expected in the usual
use of 2-butanone or in the vicinity of hazardous waste sites. Studies in animals
have shown that 2-butanone does not cause serious damage to the nervous system or the
liver, but mice that breathed low levels for a short time had temporary behavioral
effects. 2-Butanone alone does not have serious effects on the liver or nervous
system, but it can cause other chemicals to become more harmful to these systems.

Guinea pigs, rats, and mice that breathed high levels of 2-butanone for a short
time became unconscious and died. Pregnant rats and mice that breathed air containing
high levels of 2-butanone had underdeveloped fetuses. The rats that swallowed very
high concentrations of 2-butanone in water also developed signs of nervous system
effects such as inactivity, drooping eye 1lids, and uncoordinated muscle movement. Some
rats and mice that swallowed water containing high concentrations of 2-butanone died.
Rats that received water containing a lower concentration of 2-butanone had mild
kidney damage. Skin irritation developed in rabbits and guinea pigs that had small
amounts of 2-butanone dropped on their skin. Rabbits that had small amounts of 2[J
butanone dropped in their eyes had serious eye irritation. We do not know whether 20
butanone causes birth defects or affects reproduction in humans. Reproductive effects
were not seen in animals exposed to 2-butanone. We have no information about whether
2-butanone causes cancer in humans or animals.

A more complete discussion of the health effects of 2-butanone in humans and
animals can be found in Chapter 2.

1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO 2-BUTANONE?
No specific medical test is available to determine whether you have been exposed

to 2-butanone. Studies in humans and animals have shown that it is possible to detect
2-butanone or its breakdown products in the blood, breath,
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and urine. The levels of 2-butanone found in the blood, breath, and urine
are usually associated with the levels of exposure found in the workplace,
but this is more useful for determining exposure of groups of people
rather than individuals. Tests for 2-butanone in blood, urine, or breath
are useful only for recent exposure because 2-butanone and its breakdown
products leave the body rapidly. These considerations are discussed in
more detail in Chapters 2 and 6.

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

The Occupational Safety and Health Administration (OSHA) has set an
occupational exposure limit of 200 ppm of 2-butanone in the air. The
National Institute for Occupational Safety and Health (NIOSH) has also
recommended 200 ppm of 2-butanone as the limit for up to a 10-hour work
shift in a 40-hour workweek. Because of its odor, you can smell 2-butanone
before it harms you. Further information on governmental recommendations
can be found in Chapter 7.

1.7 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns not covered here, please
contact your state health or environmental department or:

Agency for Toxic Substances and Disease Registry
Division of Toxicology
1600 Clifton Road, E-29
Atlanta, Georgia 30333

This agency can also provide you with information on the location of
the nearest occupational and environmental health clinic. Such clinics
specialize in recognizing, evaluating, and treating illnesses that result
from exposure to hazardous substances.



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 2-butanone (methyl
ethyl ketone) and a depiction of significant exposure levels associated
with various adverse health effects. It contains descriptions and
evaluations of studies and presents levels of significant exposure for 2[]
butanone based on toxicological studies and epidemiological
investigations.

2-Butanone alone is a relatively safe chemical widely used as a
insolvent industry. For some uses, 2-butanone is combined with other
chemicals thathave serious neurotoxic and hepatotoxic effects. Clinical
reports and animal studies have clearly shown that exposure to 2-butanone
alone causes minimal chronic neurological or hepatic deficits, if any. It
does potentiate both the neurotoxicity of n-hexane and methyl-n-butyl
ketone and the hepatotoxicity of carbon tetrachloride and chloroform. The
potentiation of neurotoxicity and hepatotoxicity by 2-butanone is
discussed in Section 2.6 (Interactions with other Chemicals).

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals 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, developmental, reproductive, genotoxic, and carcinogenic
effects. These data are discussed in terms of three exposure periods-L|
acute (less than 15 days), 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-observedl!
adverse-effect levels (NOAELS) or lowest-observed-adverse-effect levels (LOAELS)
reflect the actual doses (levels of exposure) used in the studies. LOAELs have been
classified into "less serious"™ or "serious" effects. These distinctions are
intended to help the users of the document identify the levels of exposure at which
adverse health effects start to appear. They should also help to determine 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 tables and figures may
differ depending on the user's perspective. For example, physicians concerned with
the interpretation of clinical findings in exposed persons may be interested in
levels of exposure associated with "serious" effects. Public health officials and
project managers 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
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levels below which no adverse effects (NOAEL) have been observed.
Estimates of levels posing minimal risk to humans (minimal risk levels,
MRLs) may be of interest to health professionals and citizens alike.

Estimates of exposure levels posing minimal risk to humans (MRLs)
have been made, where data were believed reliable, for the most sensitive
noncancer effect for each exposure duration. MRLs include adjustments to
reflect human variability from laboratory animal data to humans.

Although methods have been established to derive these levels (Barnes et al.
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.

2.2.1 Inhalation Exposure
2.2.1.1 Death

No studies were located regarding death of humans following
inhalation exposure to 2-butanone.

Acute (4-hour) exposure to 2,000 ppm 2-butanone caused the death of up to 4
of 6 rats within a l4-day observation period after exposure (Carpenter et al.
1949). The cause of death was not reported, but gross necropsy and histopathology
confirmed that extraneous infections were not involved. In contrast, exposure of 6
rats to 8,000 ppm 2-butanone for 8 hours resulted in the death of half of the rats
(Smyth et al. 1962). Furthermore, the 4-hour LCsq in rats, calculated from the dose-
response curve, was 11,700 ppm (LaBelle and Brieger 1955). The LCsy was determined
using similar rats and the same exposure methods used by Carpenter et al. (1949).
Mice exposed to a saturated vapor of 2-butanone (estimated concentration: 103,000
ppm) showed a mean survival time of 43 minutes (LaBelle and Brieger 1955). The LTy
and LTsy, in rats exposed to 92,239 ppm 2-butanone were 3 and 0.5 hours, respectively
(Klimisch 1988). The LTs;, represents the time of exposure after which 50% of the
animals died within 14 days following exposure. The LT, represents the time of
exposure after which no animals died within 14 days following exposure. No deaths
were reported after a 4-hour exposure of mice to 2,438 ppm 2-butanone (De Ceaurriz

et al. 1983). Death of guinea pigs occurred within 45 minutes of exposure to
100,000 ppm 2-butanone and within 200 minutes of exposure to 33,000 ppm (Patty et
al. 1935). Gasping respiration was observed at concentrations of 33,000 ppm and

higher about 10 minutes before the guinea pigs died.
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In intermediate duration studies, no deaths occurred during a 90-day exposure
of rats to 5,000 ppm or less, 5 days/week for 6 hours/day (Cavenderet al. 1983). In
contrast, five of five rats died within 7 weeks of a planned 15-week exposure to
6,000 ppm, 7 days/week, 8 hours/day (Altenkirch et al. 1978a). The cause of death
for all rats exposed to 2-butanone in this study was severe bronchopneumonia
confirmed pathologically and histologically. In the same study, rats exposed to n-
hexane or a combination of n hexane and 2-butanone did not develop
bronchopneumonia. A repeat of this study gave the same results, i.e., death within
7 weeks coincident with confirmed bronchopneumonia (Altenkirch et al. 1978b). Saida
et al. (1976) reported no deaths or change in clinical signs in rats exposed to
1,125 ppm 2-butanone continuously for 5 months. Similar results were reported by
several groups after intermediate exposures ranging from 200 to 800 ppm in rats and
guinea pigs, i.e., no deaths and no change in clinical signs (LaBelle and Brieger
1955; Takeuchi et al. 1983; Toftgard et al. 1981). The LCs, the highest NOAEL
values, and all reliable LOAEL values for death in each species and duration
category are recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.2 Systemic Effects

The systemic effects of 2-butanone following inhalation exposure are
discussed below. No studies were located regarding cardiovascular,
gastrointestinal, musculoskeletal, hepatic, or renal effects in humans after
inhalation exposure to 2-butanone. The highest NOAEL values and all reliable LOAEL
values for each systemic effect for each species and duration category are recorded
in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. 2-Butanone is irritating to respiratory tissues. A
clinical case report of three men exposed to 2-butanone fumes while removing paint
from an airplane hangar noted mild respiratory symptoms but did not further
describe the nature or extent of the symptoms (Berg 1971). Volunteers exposed to
100 ppm 2-butanone complained of slight nose and throat irritation, which became
objectionable at 300 ppm (Nelson et al. 1943). The respiratory tract irritation
noted in humans at 100 ppm does not imply that humans are more sensitive to the
respiratory effects of 2-butanone than other species tested (see Table 2-1).
Another possible explanation is that humans are better able to communicate the
early signs of irritation compared with the other species tested. Nasal resistance
was significantly increased in humans upon exposure to the threshold level of 2[J
butanone; this response reflects a nasopharyngeal reflex (Doty et al. 1988). The
odor threshold for 2-butanone falls in the range 5.4-8.25 ppm (Amoore and Hautala
1983; Doty et al. 1988).

At high concentrations, 2-butanone is also irritating to respiratory tissues
of animals. Severe upper respiratory tract irritation was found after a few days in
rats exposed to 10,000 ppm, 8 hours/day (Altenkirch et al. 1978a). Guinea pigs
exposed to 33,000 ppm had gasping respiration after 180 minutes of exposure and
died after 200-260 minutes of exposure. Their



TABLE 2-1.

Levels of Significant Exposure to 2-Butanone - Inhalation

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 14 11,700 (LCgq) LaBelle and
4 hr/d Brieger 1955
2 Rat 1d 8,000 (3/6 died) Smyth et al.
8 hr/d 1962
3 Rat 1d 92,239 Klimisch 1988
3 hr/d
4 Gn pig 1d 10,000 33,000 Patty et al.
3 hr/d 1935
5 Mouse 43 min 103,000 LaBelle and
Brieger 1955
Systemic
[ Human 1d Resp 100 (nose/throat irritation) Nelson et al.
5 min/d 1943
7 Rat s few d Resp 10,000 (respiratory irritation) Altenkirch et al.
8 hr/d 1978a
8 Rat 7d Hepatic 300 Li et al. 1986
8 hr/d
9 Gn pig 1d Resp 10,000 33,000 (gasping and Patty et al.
13.5 hr/d Hepatic 3,300 10,000 (congestion) death) 1935
Renal 3,300 10,000 (congestion)
Derm/oc 3,300 10,000 (eye irritation, 100,000 (corneal opacity
lacrimation) and death)
Neurological
10 Human 1d 200 Dick et al. 1984,
4 hr/d 1988, 1989
11 Gn pig 14d 3,300 10,000 (narcosis, Patty et al.
13.5 hr/d incoordination) 1935
12 Mouse 1d 1,602 (reduced immobility) De Ceaurriz et al.
4 hr/d 19083

C
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
Developmental
13 Rat 10d 1,000 3,000 (extra ribs, Deacon et al.
Gd 6-15 delayed 1981
7 hr/d ossification)
14 Mouse 10 d 1,000 3,000 (decreased fetal Mast et al. 1989
Gd 6-15 body weight,
7 hr/d sternebral
anomalies)
INTERMEDIATE EXPOSURE
Death
15 Rat 12 wk 235 LaBelle and
5 d/wk Brieger 1955
7 hr/d
16 Rat 80 d 5,000 Cavender et al.
5 d/wk 1983
6 hr/d
17 Rat 7 wk- 6,000 (5/5 died) Altenkirch et al.
7 d/wk 1978a, 1978b
8 hr/d
18 Gn pig 12 wk 235 LaBelle and
5 d/wk Brieger 1955
7 hr/d
Systemic
19 Rat 90 4 Resp 5,000 Cavender and Casey
5 d/wk Cardio 5,000 1981; Cavender
6 hr/d Gastro 5,000 et al., 1983
Hemato 5,000
Musc/sk 5,000
Hepatic 5,000
Renal 5,000
Derm/oc 5,000
Other 5,000
Immunological
20 Rat 90 d 5,000 Cavender and Casey
5 d/wk 1981; Cavender

6 hr/d

et al. 1983

°C
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
Neurological
21 Rat 7 wk 6,000 Altenkirch et al.
7 d/wk 1978a, 1978b
8 hr/d
22 Rat 90 d 5,000 Cavender and Casey
5 d/wk 1981; Cavender
6 hr/d et al. 1983
Reproductive
23 Rat 90 d 5,000 Cavender and Casey
5 d/wk 1981; Cavender
6 hr/d et al. 1983

2The number corresponds to entries in Figure 2-1.

Cardio = cardiovascular; d = day; Derm/oc = dermal/ocular; Gastro = 5astrointestinai; Gd = gestational day; Gn pig = guinea pig;
Hemato = hematological; hr = hour(s); LC50 = lethal concentration 50% kill; LOAEL = lowest-observed-adverse-effect level; min = minutes;
Musc/sk = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s)
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FIGURE 2-1. Levels of Significant Exposure to 2-Butanone - Inhalation
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lungs were emphysematous. Rats seem to tolerate concentrations that are still high,
but substantially lower than the acute exposures when exposed intermittently in
intermediate duration studies. In a 90-day inhalation study, exposure of rats to 20
butanone concentrations of 5,000 ppm or less caused no signs of upper respiratory
tract irritation or other respiratory effects (Cavender et al. 1983). Due to the
irritation observed at 10,000 ppm in the study by Altenkirch et al. (1978a), the
exposure concentration was reduced to 6,000 ppm and the study continued. All the
rats died suddenly at 7 weeks with pathologically confirmed bronchopneumonia. This
experiment was repeated and had the same results (Altenkirch et al. 1978b).
Furthermore, rats exposed to n-hexane or a combination of n-hexane and 2-butanone
did not develop bronchopneumonia, suggesting that a factor other than poor animal
maintenance precipitated the bronchopneumonia. The Wistar rats used in this study
may possibly have been derived from a stock that was particularly susceptible to
infection. The initial exposure to a high concentration of 2-butanone may have
weakened their immune system allowing infection to develop. No other studies were
located that reported a link between 2-butanone exposure and bronchopneumonia in
humans or animals.

Cardiovascular Effects. No studies were located regarding cardiovascular
effects in humans after inhalation exposure to 2-butanone.

Histological examination of the hearts and aortae of rats exposed to 5,000
ppm or less of 2-butanone for 90 days revealed no exposure-related lesions
(Cavender and Casey 1981; Cavender et al. 1983).

Gastrointestinal Effects. No studies were located regarding gastrointestinal
effects in humans after inhalation exposure to 2-butanone.

No histopathological lesions were found in the esophagus, salivary glands,
ileum, duodenum, jejunum, cecum, large or small intestines, or pancreas of rats
exposed to 5,000 ppm or less of 2-butanone for 90 days (Cavender and Casey 1981;
Cavender et al.1983).

Hematological Effects. Information regarding hematological effects of 2[J
butanone exposure in humans is limited to a case report in which a normal
hematological profile and blood chemistry were found in an 18-year-old seaman
exposed to 2-butanone while removing paint from an airplane hangar (Berg 1971). 20J
Butanone exposure in this case was linked to retrobulbar neuritis and severely
impaired vision. However, because methanol was found in the blood of the patient,
consumption or exposure to methanol cannot be ruled out.

Studies in animals also indicate that 2-butanone does not produce
hematological effects. No effect on hemoglobin concentration, or on red blood cell,
white blood cell, neutrophil, lymphocyte, or monocyte populations were observed in
rats exposed intermittently to 235 ppm 2-butanone for 12 weeks(LaBelle and Brieger
1955). Similarly, the hematological profile and serum
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chemistry of rats exposed to 5,000 ppm or less of 2-butanone for 90 days
were normal (Cavender et al. 1983).

Musculoskeletal Effects. No studies were located regarding musculoskeletal
effects in humans after inhalation exposure to 2-butanone.

Histological examination of skeletal muscle and bone of rats exposed to 5,000
ppm or less of 2-butanone for 90 days revealed no exposure-related lesions
(Cavender and Casey 1981; Cavender et al. 1983).

Hepatic Effects. No studies were located regarding hepatic effects in
humans after inhalation exposure to 2-butanone.

Most of the hepatic effects of inhalation exposure to 2-butanone observed in
animals are minimal and probably not adverse, although acute exposure of guinea
pigs to a high concentration (10,000 ppm) caused liver congestion (Patty et al.
1935) . Exposure to 3,300 ppm had no effects. Serum alkaline phosphatase activity
was not different in rats exposed intermittently to 300 ppm 2-butanone for 7 days
compared to nonexposed control rats (Li et al. 1986). There was no change in the
isozymes of cytochrome P-450 or in the total concentration of cytochrome P-450 in
rats exposed to 800 ppm for 4 weeks(Toftgard et al. 1981). 2-Butanone, however,
altered the metabolism of androstenedione by increasing the formation of two
metabolites and decreasing the formation of two other metabolites. Furthermore,
liver weight was increased in the 2-butanone-exposed rats (Toftgard et al. 1981). A
small but statistically significant increase in absolute and relative liver weights
of male and female rats, but no change in serum levels of hepatic enzymes (serum
glutamic-oxaloacetic transaminase [SGOT], serum glutamic-pyruvic
transaminase [SGPT], serum gamma-glutamyl transpeptidase [SGGT], and alkaline
phosphatase)in male rats, was observed at an exposure level of 5,000 ppm for 90
days (Cavender et al. 1983). A significant increase only in alkaline phosphatase
was noted in the female rats. Histopathological examination did not reveal any
hepatic lesion aside from those expected in Fischer rats of this age. Exposure to
2,500 ppm 2-butanone had no effect on any hepatic parameter (Cavender et al. 1983).
In the absence of histopathological liver lesions, the mild liver effects observed
at 5,000 ppm were probably not adverse.

Renal Effects. No studies were located regarding renal effects in humans
following inhalation exposure to 2-butanone.

Acute inhalation exposure of guinea pigs to 10,000 ppm 2-butanone
resulted in congestion of the kidney (Patty et al. 1935). No effects were
observed at 3,300 ppm. In an intermediate duration study, only minimal
kidney effects were observed in rats exposed to 5,000 ppm or less
(Cavender et al. 1983). Blood urea nitrogen determinations and urinalysis
including urine volume, specific gravity, and pH showed that all values
were within normal limits for male and female rats; the exception was that
urine volume in the females was slightly but significantly increased. The
kidney/body weight
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ratio in male rats and the kidney/brain weight ratio in female rats were
slightly but significantly elevated. Histopathological examination did not
reveal any treatment-related renal lesion. In the absence of histopathological
lesions or decrements in kidney function, these mild kidney effects do not
appear to be adverse. No other studies were located regarding the renal effects
of inhalation exposure to 2-butanone.

Dermal/Ocular Effects. Two men exposed to 2-butanone while removing paint
from an airplane hangar had conjunctival irritation (Berg 1971). A
third man had severe loss of vision. Within 36 hours, the man's vision was
completely restored. However, because methanol was found in the blood of the
man with vision loss, exposure to methanol cannot be ruled out. No other
studies were located regarding dermal/ocular effects in humans following
inhalation exposure to 2-butanone.

Guinea pigs exposed to 2-butanone. concentrations of 10,000 ppm or
greater had eye irritation and lacrimation (Patty et al. 1935). Exposure to
100,000 ppm for 30 minutes or more caused corneal opacity. This condition
gradually improved in guinea pigs that lived to 8 days after exposure. No
effects occurred when guinea pigs were exposed to 3,300 ppm. Ophthalmological
examination of the eyes and histological examination of the skin revealed no
effects in rats exposed to 5,000 ppm or less of 2-butanone for 90 days
(Cavender and Casey 1981; Cavender et al. 1983). No other studieswere
located regarding dermal/ocular effects in animals following inhalation
exposure to 2-butanone.

Other Systemic Effects. No studies were located regarding other systemic
effects in humans after inhalation exposure to 2 butanone.

In rats, no histopathological lesions were found in the thyroid,
parathyroid, pituitary gland, adrenal glands, ears, or Zymbal glands
of rats exposed to 5,000 ppm or less of 2-butanone for 90 days
(Cavender and Casey 1981; Cavender et al. 1983). Furthermore, no
specific effects on body weight were found.

2.2.1.3 Immunological Effects

No studies were located regarding immunological effects in humans
following inhalation exposure to 2-butanone.

Although no specific tests for immunological effects were
performed, histological examination of lymph nodes, thymus, spleen,
and bone marrow of rats exposed to 5,000 ppm or less of 2-butanone for
90 days revealed no exposure-related lesions (Cavender and Casey 1981;
Cavender et al. 1983). This NOAEL value 1is recorded in Table 2-1 and
plotted in Figure 2-1.
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2.2.1.4 Neurological Effects

In three separate studies, volunteers underwent a single 4-hour
exposure to 200 ppm 2-butanone (Dick et al. 1984, 1988, 1989). No
differences were observed between exposed and control groups on
neurobehavioral tests including psychomotor tests (choice reaction time,
visual vigilance, dual task, and memory scanning), postural sway, and a
profile of mood states. No other studies were located regarding
neurological effects after inhalation exposure to 2-butanone.

Neurological effects have been observed in animals exposed by inhalation to
2-butanone. Exposure of mice to 2-butanone at concentrations greater than or equal
to 1,602 ppm for 4 hours caused a dose-related reduction in the duration of
immobility in a "behavioral despair" swimming test (De Ceaurriz et al. 1983). The
authors noted that the effect of 2-butanone was similar to that of antidepressants.
In guinea pigs exposed acutely to 10,000 ppm 2-butanone, incoordination occurred
within 90 minutes and unconsciousness occurred within 240-280 minutes (Patty et al.
1935) . These signs occurred earlier at higher concentrations, but no neurological
signs were observed at 3,300 ppm. Juvenile baboons exposed continuously to 100 ppm
for 7 days showed early signs of narcosis, incoordination, and a loss of time
perception in neurobehavioral tests (Geller et al. 1979). The neurological effects
observed in this study could have resulted from narcosis. It is also possible that
the baboons were distracted during the testing due to the irritating effects of 20
butanone on the respiratory system. Furthermore, the effects of 2-butanone observed
at 100 ppm in the baboons do not imply that baboons are more sensitive to 2[]
butanone than other species tested. Since the baboons were evaluated with a complex
discriminant behavioral task, it is possible that subtle neurobehavioral effects
could be observed. However, it should be noted that only one exposure level was
tested, only one baboon of four tested showed consistently different results from
the controls throughout the study, and no statistical tests were performed. These
limitations preclude definitive conclusions.

Intermediate duration exposures to 2-butanone were not neurotoxic in rats.
Male Sprague-Dawley rats exposed continuously to 1,125 ppm 2-butanone for periods
of 5 months or less showed no signs of peripheral neuropathy following histological
examination (Saida et al. 1976). The neurotoxicity of n-butyl ketone, however, was
markedly potentiated by 2-butanone. No differences were observed in nerve fiber
preparations from male and female Fischer 344 rats exposed to 5,000 ppm or less 2L
butanone for 90 days (Cavender and Casey 1981; Cavender et al. 1983). Furthermore,
no histopathological lesions were found in the brain, sciatic nerve, tibial nerve,
spinal cord, or optic nerves. No effects were observed in posture, gait, tone, and
symmetry of the facial muscles, or in the pupillary, palpebral, extensor thrust,
and cross-extensor thrust reflexes. The only effect recorded was a slight but
statistically significant increase in brain weight in female rats exposed to 5,000
ppm. No clinical signs and no histological evidence of neuropathy in
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peripheral nerves from the brachial plexus, sciatic nerve, spinal cord, and medulla
were observed in rats exposed to 6,000 ppm for 7 weeks compared with rats exposed
to n-hexane or a combination of n-hexane and 2-butanone (Altenkirch et al. 1978a).
In contrast, 2-butanone potentiated the neurotoxicity of n-hexane. No
neuropathological changes were found on light microscope and electron microscope
examination of teased tail nerves after exposure of a rat to 200 ppm 2-butanone for
24 weeks (Takeuchi et al. 1983). At 4 weeks, significant increases in motor nerve
conduction velocity and mixed nerve conduction velocity were found, while distal
motor latency was decreased. These changes in nerve conduction velocity were not
seen beyond 4 weeks. The transient increase in nerve conduction velocity may have
been due to an effect of 2-butanone on the axonal membrane (Takeuchi et al. 1983).
The highest NOAEL values and all reliable LOAEL values for neurological

effects in each species and duration category are recorded in Table 2-1

and plotted in Figure 2-1.

2.2.1.5 Developmental Effects

No studies were located regarding developmental effects in humans
after inhalation exposure to 2-butanone.

Several studies in rats and mice were located regarding developmental effects
after inhalation exposure. Exposure of pregnant rats to 1,000 or 3,000 ppm 20
butanone during gestation resulted in a slight increase in the incidence of
malformations at 3,000 ppm; acaudia and imperforate anus were found in 2 fetuses
out of 21 litters, and brachygnathia was noted in 2 other fetuses (Schwetz et al.
1974) . A low incidence of sternebral anomalies was also noted in the 3,000 ppm
group. Although the incidence of malformations was not high enough to support a
positive correlation, it may have indicated a slight teratogenic effect in rats. A
second study by the same group supported the previous findings of skeletal
anomalies (Deacon et al. 1981). No statistically significant differences in
external or soft tissue abnormalities were found in the offspring of dams exposed
to 3,000 ppm or less during gestation, No effect was observed on the number of live
fetuses/litter or on fetal crown-rump length. Skeletal abnormalities, including
delayed ossification of the cervical centra, sternebral malformations, and
asymmetric pelvis were observed at 3,000 ppm. Decreased body weight gain and
increased water consumption in the pregnant rats at 3,000 ppm 2-butanone indicated
that some maternal toxicity may have occurred at this exposure level. Deacon et al.
(1981) concluded 2-butanone was slightly fetotoxic, but not embryotoxic or
teratogenic at 3,000 ppm. Mean fetal body weight was reduced in the male and female
offspring of mouse dams exposed to 3,000 ppm butanone, but was significantly
reduced only in the males(Mast et al. 1989). A statistically significant increase
in the incidence of misaligned sternebrae was observed in the 3,000 ppm group. No
effects were observed at 1,000 ppm. Thus, 2-butanone was fetotoxic in both rats and
mice. In pregnant rats, continuous exposure to 800 ppm 2-butanone throughout
gestation resulted in the failure of three of eight of the rats to deliver
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litters. While all 8 of the control dams in the experiment for 2-butanone delivered
litters, 6 of 16 control dams in an experiment with n-hexane in the same study also
failed to produce litters. Therefore, the reliability of the results in the 2[J
butanone exposed group is questionable (Stoltenburg-Didinger et al. 1990). The
reliable NOAEL and LOAEL values for developmental effects are recorded in Table 2-1
and plotted in Figure 2-1.

2.2.1.6 Reproductive Effects

No studies were located regarding reproductive effects in humans
after inhalation exposure to 2-butanone.

Although no tests for reproductive function were performed, histological
examination of the testes, epididymides, seminal vesicles, vaginas, cervices,
uteri, oviducts, ovaries, or mammary glands of rats exposed to 5,000 ppm or less
of 2-butanone for 90 days revealed no exposure-related lesions (Cavender and Casey
1981; Cavender et al. 1983).

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or
animals after inhalation exposure to 2-butanone.

Genotoxicity studies are discussed in Section 2.4.
2.2.1.8 Cancer

Two retrospective studies of industrial workers chronically exposed to 20J
butanone in dewaxing plants reported that deaths due to cancer were less than
expected. In a cohort of 446 males employed by Shell Chemical Company, 13 deaths
were due to cancer, whereas 14.26 were expected; the standard mortality ratio
(SMR) was 0.91 (Alderson and Rattan 1980). In the same cohort, 2 cases of buccal
or pharyngeal neoplasms were found; 0.13 were expected to exist, and the' SMR was
15.38. There were 4 cases of stomach, colon, or rectal cancer; 3.18 were expected,
and the SMR was 1.28. The incidence of buccal or pharyngeal neoplasms was
statistically significant but was regarded by the authors as due to chance because
of the small number of individuals affected and the number of separate comparisons
made between observed and expected rates. Furthermore, the use of tobacco was not
discussed in this study. The incidence of stomach, colon, or rectal cancer was not
statistically significant. The authors concluded that there was no clear evidence
of a cancer hazard at this dewaxing plant. A retrospective cohort study of 1,008
male oil refinery workers occupationally exposed to an estimated 1-4 ppm of 2[]
butanone in a dewaxing-lubricating oil plant was also conducted (Wen et al. 1985).
The overall cancer-related mortality was less than expected. The increased
incidence of buccal and pharyngeal neoplasms reported by Alderson and Rattan
(1980) was not confirmed in this study.
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No studies were located regarding cancer in animals following
inhalation exposure to 2-butanone.

2.2.2 Oral Exposure
2.2.2.1 Death

No studies were located regarding death of humans following oral
exposure to 2-butanone.

Oral LDsy values for 2-butanone were similar (approximately 2,737
mg/kg) in three groups of Sprague-Dawley rats: immature (14 days old),
young adult (80-160 g), and older adult (300-470 g) (Kimura et al.
1971) . The oral LDsy; could not be determined in newborn rats because of
volume limitations; it was estimated to be less than 805 mg/kg, Most
of the Sprague-Dawley rats receiving 3,670, 7,340, or 14,680 mg/kg by
gavage died within 1 hour at each dose, except 1 male and 1 female at
the lowest dose; these rats survived until sacrifice at 14 days
(Stillmeadow Inc. 1978). The data were insufficient for determination
of an LDsg, but the authors estimated the acute oral LDsg to be less
than 3,670 mg/kg, which is in agreement with the data reported in
Kimura et al. (1971). The LDsy in Carworth-Wistar rats was 5,522 mg/kg
(Smyth et al. 1962), which may represent a strain difference. In two
separate experiments, 1,080 mg 2-butanone/kg administered by gavage in
corn o0il produced no deaths in male Fischer rats (Brown and Hewitt
1984) or in male Sprague-Dawley rats (Hewitt et al. 1983). Tanii et al.
(1986) determined the oral LDsy for 2-butanone in mice as 4,044 mg/kg
(95% confidence limits - 3,200-5,111 mg/kg). The acute duration LDsg
values and the LOAEL value for death in rats are recorded in Table 2-2
and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

The systemic effects of 2-butanone after oral exposure are
discussed below. No studies were located regarding gastrointestinal,
hematological, musculoskeletal, or dermal/ocular effects in humans or
animals after oral exposure to 2-butanone. The highest NOAEL values
and all reliable LOAEL values for each systemic effect after oral
exposure in each species and duration category are recorded in Table
2-2 and plotted in Figure 2-2.

Respiratory Effects. One clinical report of oral exposure to 2-butanone in
humans was located. A 47-year-old woman accidentally ingested an unknown volume of
2-butanone that had been stored in a rum bottle (Kopelman and Kalfayan 1983). She
was admitted to an emergency ward unconscious and hyperventilating. Blood gases
were 85 mmHg oxygen and 24 mmHg carbon dioxide. Analysis of her blood showed a 20
butanone plasma concentration of 95 mg/100 mL. Slow infusion of sodium bicarbonate
reduced the hyperventilation, and blood gases improved to 78 mmHg oxygen and 25
mmHg carbon dioxide. Within 12 hours, she had regained consciousness, made an



TABLE 2-2. Levels of Significant Fxposure to 2-Butanone - Oral
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figurea Species Route duration System (mg/kg/day) (mg/kg/day) {mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (G) 1d 5,522 (LDgq) Smyth et al.
1962
2 Rat (G) 14 3,670 (8/10 died) Stillmeadow Inc.
1978
3 Rat (G) 1d 2,737 (Lbgq) Kimura et al.
1971
4 Mouse (G) 1d 4,044 (LDSO) Tanii et al.
1986 )
Systemic
e o]
5 Rat (G) 1d ’ Hepatic 1,080 Brown and Hewitt g
Renal 1,080 (tubular necrosis) 1984 (o
-3
6 Rat o) 14 Hepatic 1,080 Hewitt et al. =
1x/d 1990 to
"y
7 Rat (W) 3d Hepatic 1,130 Raunio et al. &
ix/d 1990 e}
3
8 Rat GW) 1-74d Hepatic 1,500 Robertson et al. »
ix/d 1989
9 Rat (G) 1d Hepatic 1,500 Traiger et al.
1x/d 1989
10 Rat (GO) 14d Hepatic 1,080 Brady et al.
1x/d 1989
Neurological
11 Rat (G) 1d 3,670 (CNS depression) Stillmeadow Inc.

1978

02



TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
INTERMEDIATE EXPOSURE
Neurological
12 Rat (G) 13 wk 173 Ralston et al.
5 d/wk 1985

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

CNS = central nervous system; d = day; (G) = gavage (undiluted); LDgg = lethal dose 50X kill; LOAEL = lowest-observed-adverse-effect
level; NOAEL = no-observed-adverse-effect level; wk = week(s)
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FIGURE 2-2. Levels of Significant Exposure to 2-Butanone - Oral
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uneventful recovery over the next few days, and was discharged after 1
week (Kopelman and Kalfayan 1983).

All albino rats receiving 3,670 mg/kg or more had labored breathing, and
most of them died within 1 hour (Stillmeadow Inc. 1978). It is'not clear
whether the labored breathing represented a respiratory or a neurological
response to a high dose. No other studies were located regarding respiratory
effects after oral exposure to 2-butanone.

Cardiovascular effects. Cardiovascular effects observed in a 47-yearl]
old woman after accidental ingestion of 2-butanone were decreased blood
pressure and increased pulse rate (Kopelman and Kalfayan 1983). No other
reports were located regarding cardiovascular effects in humans following oral
exposure to 2-butanone.

No studies were located regarding cardiovascular effects in animals
following oral exposure to 2-butanone.

Hepatic Effects. No studies were located regarding hepatic effects
in humans following oral exposure to 2-butanone.

2-Butanone had no effect on liver weight, SGPT, or serum ornithine
carbamyl transferase activities measured 42 hours after oral exposure of rats
to 1,080 mg/kg (Hewitt et al. 1983). Similarly, Brown and Hewitt (1984)observed
normal SGPT activity in rats exposed orally to 1,080 mg 2-butanone/kg. Although
histological examination was not performed, 2-butanone appears to have a low
order of hepatic toxicity in inhalation studies. Several studies have shown
that 2-butanone has the ability to induce microsomal liver enzymes. Acute oral
treatment of rats with 2-butanone at doses of 1,080 to 1,500 mg/kg/day for 1-7
days resulted in increased levels of cytochrome P-450, increased activities of
cytochrome P-450-dependent monooxygenases (Brady et al. 1989; Raunio et al.
1990; Robertson et al. 1989; Traiger et al. 1989) and proliferation of the
smooth endoplasmic reticulum(Traiger et al. 1989). In the absence of clinical
or histological evidence of liver damage, induction of microsomal enzymes
probably represents a normal physiological response to xenobiotics rather than

an adverse effect. Furthermore, oral treatment of rats with 1,080 mg/kg
2-butanone had no effect on the fragility of hepatic lysosomes or on the
calcium uptake by mitochondria or microsomes (Hewitt et al. 1990). Therefore,

the doses of 1,080-1,500 mg/kg can be considered acute oral NOAEL values for
hepatic effects.

Renal Effects. NoO studies were located regarding renal effects in humans
following oral exposure to 2-butanone.

Oral exposure of rats to 1,080 mg 2-butanone/kg caused mild renal tubular
necrosis but had no effect on renal organic ion transport (PAH, TEA) or
plasmacreatinine (Brown and Hewitt 1984). No other studies were located
regardingrenal effects in animals after oral exposure to 2-butanone.
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2.2.2.3 Immunological Effects

No studies were located regarding immunological effects in humans or
animals after oral exposure to 2-butanone.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after
oral exposure to 2-butanone.

In animals, clinical signs of central nervous system toxicity including
lethargy, labored breathing, ptosis, lacrimation, exophthalmos, ataxia,
salivation, and piloerection were observed in rats treated by gavage with
2-butanone at doses greater than or equal to 3,670 mg/kg (Stillmeadow Inc.1978).
Most of these rats died. No effect was observed on neurobehavioral tests
including hindlimb grasp, hindlimb place, balance beam, and roto-rod in rats
treated by gavage with 2-butanone at a time-weighted average dose of 173
mg/kg/day for 90 days (Ralston et al. 1985). No other studies were located
regarding neurological effects in animals after oral exposure to 2-butanone. The
NOAEL value and LOAEL value for neurological effects are recorded in Table 2-2
and plotted in Figure 2-2.

No studies were located regarding the following health effects in humans
or animals after oral exposure to 2-butanone:

.2.5 Developmental Effects
.2.6 Reproductive Effects
.2.7 Genotoxic Effects

NNMDN
NNMDN

Genotoxicity studies are discussed in Section 2.4.

2.2.2.8 Cancer

No studies were located regarding cancer in humans or animals after oral
exposure to 2-butanone.

2.2.3 Dermal Exposure
2.2.3.1 Death
No studies were located regarding death in humans after dermal exposure
to 2-butanone. One study reported the dermal LDs, for 2-butanone in rabbits to be

greater than 10 mL/kg (Smyth et al. 1962). No other studies were located
regarding death in animals after dermal exposure to 2-butanone.
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2. HEALTH EFFECTS

2.2.3.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular,
gastrointestinal, hematological, musculoskeletal, hepatic, or renal
effects in humans or animals after dermal exposure to 2-butanone.

The only systemic effects of dermal exposure studied were dermal and
ocular. The highest NOAEL value and all reliable LOAEL values for dermal
and ocular effects in each species and duration category are recorded in
Table 2-3.

Dermal/Ocular Effects. Application of 0.1 mL undiluted 2-butanone
once daily for 18 days to the volar forearm of volunteers did not result
in erythema, increase in skin-fold thickness, or edema over the 18-day
exposure period Wahlberg (1984). Further details regarding the number of
volunteers were not reported.

In rabbits and guinea pigs, application of undiluted 2-butanone
caused minimal skin irritation, erythema, and/or increase in skin-fold
thickness (Anderson et al. 1986; Hazleton Laboratories 1963a; Wahlberg
1984) . Slight desquamation occurred in guinea pigs after 31 weeks of
dermal exposure to increasing amounts of 2-butanone (Eastman Kodak 1978).
Abraded skin areas were slightly more sensitive to the application of 2[]
butanone (Hazleton Laboratories 1963a).

2-Butanone instilled into the conjunctival sac of rabbits caused
irritation, corneal opacity, and conjunctivitis (Davis and Baker 1975;
Haskell Laboratories 1971; Hazleton Laboratories 1963b; Kennah et al.
1989) . These effects were generally reversible in 7-14 days. Hazleton
Laboratories (1963b) reported that one of six rabbits had persistent
corneal damage after 7 and 14 days. On the basis of Draize scores in these
studies, Z2-butanone was classified as moderately irritating.

2.2.3.3 Immunological Effects

One clinical report of 2-butanone-evoked contact urticaria was
located. A 48-year-old man employed as a painter complained of severe
irritation when he handled 2-butanone (Varigos and Nurse 1986). A small
amount of 2-butanone applied to his forearm produced a bright red area at
the site of application. The area became itchy, but no induration or
edema was noted. After 15 minutes, the reaction subsided. Two days later,
the test was repeated with the same result. Five volunteers were later
tested for sensitivity to 2-butanone by the same method, but no response
was observed.

No studies were located regarding immunological effects in animals
after dermal exposure to 2-butanone.
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Neurotoxicity -- The occurrence of adverse effects on the nervous
system following exposure to chemical.

No-Observed-Adverse-Effect Level (NOAEL) -- The dose of chemical at
which there were no statistically or biologically significant
increases in frequency or severity of adverse effects seen between the
exposed population and its appropriate control. Effects may be
produced at this dose, but they are not considered to be adverse.

Octanol-Water Partition Coefficient (K.,) —-- The equilibrium ratio of
the concentrations of a chemical in n-octanol and water, in dilute
solution.

Permissible Exposure Limit (PEL) -- An allowable exposure level in
workplace air averaged over an 8-hour shift.

q:*-- The upper-bound estimate of the low-dose slope of the dose-
response curve as determined by the multistage procedure. The g;* can
be used to calculate an estimate of carcinogenic potency, the
incremental excess cancer risk per unit of exposure (usually ug/L for
water, mg/kg/day for food, and pg/m® for air).

Reference Dose (RfD) -- An estimate (with uncertainty spanning perhaps
an order of magnitude) of the daily exposure of the human population
to a potential hazard that is likely to be without risk of deleterious
effects during a- lifetime. The RfD is operationally derived from the
NOAEL (from animal and human studies) by a consistent application of
uncertainty factors that reflect various types of data used to
estimate RfDs and an additional modifying factor, which is based nn a
professional judgment of the entire database on the chemical. The RfD
are not applicable to nonthreshold effects such as cancer.

Reportable Quantity (RQ) -- ,The quantity of a hazardous substance
that is considered reportable under CERCLA. Reportable quantities are
(1) 1 1b or greater or (2) for selected substances, an amount
established by regulation either under CERCLA or under Sect. 311 of
the Clean Water Act. Quantities are measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive system that may result from exposure to a chemical. The
toxicity may bedire.cted to the reproductive organs and/or the related
endocrine system. The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcomes, or
modifications in other functions that are dependent on the integrity
of this system.
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Short-Term Exposure Limit (STEL) -- The maximum concentration to which
workers can be exposed for up to 15 min continually. No more than four
excursions are allowed per day, and there must be at least 60 min between
exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This term covers a broad range of adverse effects
on target organs or physiological systems (e.g., renal, cardiovascular)
extending from those arising through a single limited exposure to those
assumed over a lifetime of exposure to a chemical.

Teratogen -- A chemical that causes structural defects that affect the
development of an organism:

Threshold Limit Value (TLV) -- A concentration of a substance to which
most workers can be exposed without adverse effect. The TLV may be
expressed as a TWA, as a STEL, or as a CL.

Time-Weighted Average (TWA) -- An allowable exposure concentration
averaged over a normal 8-hour workday or 40-hour workweek.

Toxic Dose (TDsy) —-- A calculated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect
in 50% of a defined experimental animal population.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
from experimental data. UFs are intended to account for (1) the variation
in sensitivity among the members of the human population, (2) the

uncertainty in extrapolating animal data to the case of human, (3) the
uncertainty in extrapolating from data obtained in a study that is of less
than lifetime exposure, and (4) the uncertainty in using LOAEL data rather
than NOAEL data. Usually each of these factors is set equal to 10.
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USER'S GUIDE
Chapter 1

Public Health Statement

This chapter of the profile is a health effects summary written in
nontechnical language. Its intended audience is the general public
especially people living in the vicinity of a hazardous waste site or
substance release. If the Public Health Statement were removed from the
rest of the document, it would still communicate to the lay public
essential information about the substance.

The major headings in the Public Health Statement are useful to find
specific topics of concern. The topics are written in a question and
answer format. The answer to each question includes a sentence that will
direct the reader to chapters in the profile that will provide more
information on the given topic.

Chapter 2
Tables and Figures. for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summarize
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. All entries
in these tables and figures represent studies that 'provide reliable,
quantitative estimates of No-Observed-Adverse-Effect Levels (NOAELs),
Lowest-Observed- Adverse-Effect Levels (LOAELS) for Less Serious and
Serious health effects, or Cancer Effect Levels (CELs). In addition, these
tables and figures illustrate differences in response by species, Minimai
Risk Levels (MRLs) to humans for noncancer end points, and EPA's estimated
range associated with an upper-bound individual lifetime cancer risk of 1
in 10,000 to 1 in 10,000,000. The LSE tables and figures can be used for a
quick review of the health effects and to locate data for a specific
exposure scenario. The LSE tables and figures should always be used in
conjunction with the text.

The legends presented below demonstrate the application'of these tables
and figures. A representative example of LSE Table 2-1 and Figure 2-1 are
shown. The numbers in the left column of the legends correspond to the
numbers in the example table and figure.

LEGEND
See LSE Table 2-1

1) Route of Exposure One of the first considerations when reviewing the
toxicity of a substance using these tables and figures should be the
relevant and appropriate route of exposure. When sufficient data exist,
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three LSE tables and two LSE figures are presented in the document.
The three LSE tables present data on the three principal routes of
exposure, i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2,
and 2-3, respectively). LSE figures are limited to the inhalation
LSE Figure 2-1) and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or less);
intermediate (15 to 364 days); and chronic (365 days or more) are
presented within each route of exposure. In this example, an
inhalation study of intermediate duration exposure is reported.

Health Effect The major categories of health effects included in

LSE tables and figures are death, systemic, immunological,
neurological, developmental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer.- Systemic effects are further defined in the "System" column
of the LSE table.

Key to Figure Each key number in the LSE table links study
information to one or more data points using the same key number in
the corresponding LSE figure. In this example, the study represented
by key number 18 has been used to define a NOAEL and a Less Serious
LOAEL (also see the two “18r” data points in Figure 2-1).

Species The test species, whether animal or human, are identified in
this column.

Exposure Freauency/Duration The duration of the study and the weekly
and daily exposure regimen are provided in this column. This permits
comparison of NOAELs and LOAELs from different studies. In this case
(key number 18), rats were exp'osed to [substance x] via inhalation
for 13 weeks, 5 days per week, for 6 hours per day.

System This columm further defines the systemc effects. These
systens include: respiratory, cardi ovascul ar, gastrointestinal,
hemat ol ogi cal , nuscul oskel etal, hepatic, renal, and dermal/ocul ar.
"Qther" refers to any systemic effect (e.g., a decrease in body
wei ght) not covered in these systens. In the exanple of key numnber
18, one systenic effect (respiratory) was investigated in this

st udy.

NOAEL A No-Observed-Adverse-Effect Level (NOAEL) is the highest
exposure level at which no harmful effects were seen in the organ
system studied. Key number 18 reports a NOAEL of 3 ppm for the
respiratory system which was used to derive an intermediate
exposure, inhalation MRL of 0.005 ppm (see footnote Wc").

LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest
exposure level used in the study that caused a harmful health
effect. LOAELs have been classified into "Less Serious" and
"Serious" effects. These distinctions help readers identify the
levels of exposure at which adverse health effects first appear and
the gradation of effects with increasing dose. A brief description
of the specific end point used to
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quantify the adverse effect accompanies the LOAEL. The "Less
Serious" respiratory effect reported in key number 18 (hyperplasia)
occurred at a LOAEL of 10 ppm.

Reference The complete reference citation is given in Chapter 8 of
the profile.

CEL A Cancer Effect Level (CEL) is the lowest exposure level
associated with the onset of carcinogenesis in experimental or
epidemiological studies. CELs are always considered serious effects.
The LSE tables and figures do not contain NOAELs for cancer, but the
text may report doses which did not cause a measurable increase in
cancer.

Footnotes Explanations of abbreviations or reference notes for data
in the LSE tables are found in the footnotes. Footnote "c" indicates
the ppm in key number 18 was used to derive an MRL of 0.005 ppm.

LEGEND

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the corresponding
LSE tables. Figures help the reader quickly compare health effects
according to exposure levels for particular exposure duration.

(13) .

(14) .

(15)

(16) .

(17) .

Exposure Duration The same exposure periods appear as in the LSE
table. In this example, health effects observed within the
intermediate and chronic exposure periods are illustrated.

Health Effect These are the categories of health effects for which
reliable quantitative data exist. The same health effects appear in
the LSE table.

.Levels of Exposure Exposure levels for each health effect in

LSE tables are graphically displayed in the LSE figures. Exposure
levels are reported on the log scale “y” axis. Inhalation exposure
is reported in mg/m’ ppm and oral exposure is reported in mg/kg/day.

NOAEL In this example, 18r NOAEL is the critical end point for which
an intermediate inhalation exposure MRL is based. As you can see
from the LSE figure key, the open-circle symbol indicates a NOAEL
for the test species (rat). The key number 18 corresponds to the
entry in the LSE table. The dashed descending arrow indicates the
extrapolation from the exposure level of 3 ppm (see entry 18 in the
Table) to the MRL of 0.005 ppm (see footnote "b" in the LSE table).

CEL Key number 38r is one of three studies for which Cancer Effect
Levels (CELs) were derived. The diamond symbol refers to a CEL for
the test species (rat). The number 38 corresponds to the entry in e
the LSE table.
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UF uncertainty factor
WHO World Health Organization

greater than

greater than or equal to
equal to

less than

less than or equal to
percent

alpha

beta

delta

gamma

micron

microgram
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PEER REVIEW

A peer review panel was assembled for 2-butanone. The panel consisted of
the following members: Dr. Michael Norvell, Private Consultant, Ringoes,
New Jersey; Dr. Rolf Hartung, Department of Environmental and Industrial
Health, University of Michigan, Ann Arbor, Michigan; and Dr. Vincent
Garry, Director, Laboratory for Environmental Medicine and Pathology,
University of Minnesota, Minneapolis, Minnesota. These experts
collectively have knowledge of 2-butanone'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 the Comprehensive Environmental Response, Compensation, and
Liability Act of 1986, Section 104.

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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