TOXICOLOGICAL PROFILE FOR
METHYL tert-BUTYL ETHER

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Agency for Toxic Substances and Disease Registry

August 1996



METHYL tert-BUTYL ETHER ii

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.



METHYL tert-BUTYL ETHER iii

UPDATE STATEMENT

Toxicological profiles are revised and republished as necessary, but no less than once every three years. For information
regarding the update status of previously released profiles, contact ATSDR at:

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






FOREWORD

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

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

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a public health statement that describes, in nontechnical language, a substance's relevant
toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance is
available or in the process of development to determine levels of exposure that present a
significant risk to human health of acute, subacute, and chronic health effects; and

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

The principal audience for the toxicological profiles is health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has
been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal scientists
have also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and was made available for public review. Final responsibility for the contents and views expressed in this
toxicological profile resides with ATSDR.

Qi Sebh—

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



\

*Legislative Background

The toxicological profiles are developed in response to the Superfund Amendments and Reauthorization Act
(SARA) of 1986 (Public Law 99-499) which amended the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA or Superfund). This public law directed ATSDR to prepare toxicological profiles for
hazardous substances most commonly found at facilities on the CERCLA National Priorities List and that pose the most
significant potential threat to human health, as determined by ATSDR and the EPA. The availability of the revised
priority list of 275 hazardous substances was announced in the Federal Register on April 29, 1996 (61 FR 18744). For
prior versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866); October 20,
1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17, 1990 (55 FR 42067); October 17, 1991 (56 FR
52166); October 28, 1992 (57 FR 48801); and February 28, 1994 (59 FR 9486). Section 104(I)(3) of CERCLA, as
amended, directs the Administrator of ATSDR to prepare a toxicological profile for each substance on the list.
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2. Dr. Arthur Gregory, Private Consultant, 220 West Ash Road, Sterling, Virginia; and
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These experts collectively have knowledge of MTBE’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.






METHYL tert-BUTYL ETHER xi

CONTENTS

FOREWORD . . ...t e e e e e e e e e e e e e e e e v
CONTRIBUTORS . . . . e e e e e e e e e e e e vii
PEER REVIEW . . . ... e e e e e e e e e e e ix
LIST OF FIGURES . . . . . o e e e e e e e e e e e e e e e XV
LIST OF TABLES . . . . o e e e e e e e e e e xvii
1. PUBLIC HEALTH STATEMENT . . .. .. e e e e e e e 1
1.1 WHATIS MTBE? .. ... e 1
1.2 WHAT HAPPENS TO MTBE WHEN IT ENTERS THE ENVIRONMENT? .......... 2
1.3 HOW MIGHTIBE EXPOSED TOMTBE? . . ... ... ... . . .. 2
1.4 HOW CAN MTBE ENTER AND LEAVEMY BODY? .. ...................... 3
1.5 HOW CAN MTBE AFFECT MY HEALTH? . ... ..... ... ... ... 3

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER 1 HAVE BEEN EXPOSED
TO MTBE? . ... e 5

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO

PROTECT HUMAN HEALTH? . ... .. . . et 5
1.8 WHERE CAN I GET MORE INFORMATION? . .. ... ... .. ... ... 6
2. HEALTH EFFECTS . . . . . o e e e e e e e e e e e e e e e e 7
2.1 INTRODUCTION . . ... e e e e e e e e 7
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTEOFEXPOSURE . . ... .......... 7
2.2.1 Inhalation EXposure . . ... ... ... ... i e e 9
2211 Death ... .. e e 9
22.1.2. SystemicEffects .. ...... ... . . 10
2.2.1.3 Immunological and Lymphoreticular Effects . .................. 47
2.2.1.4 Neurological Effects . ........... .. ... ... ... 48
2.2.1.5 Reproductive Effects . .......... ... .. . . i 54
2.2.1.6 Developmental Effects . ............ ... ... . ... ... .... 55
2.2.1.7 Genotoxic Effects ... ........ ... ... ... 56
22 1.8, Cancer . ... ...t e 57
222 Oral EXPOSUIE . . . oottt e e e 58
2221 Death . ... .. e 58
2222 Systemic Effects ... ... . . 58
2.2.2.3 Immunological and Lymphoreticular Effects . .................. 73
2.2.2.4 Neurological Effects .. ........ ... .. ... .., 73
2.2.2.5 Reproductive Effects .. ........ ... ... . . ... e, 74
2.2.2.6 Developmental Effects . .............. ... . ... ... ....... 75
2.2.277 Genotoxic Effects .. ... ... . . . .. e 75
2228 CanCeT ..ot it e 75
223 Dermal EXposure . . ... i e e e 76
2231 Death . ... . 76
2.23.2 SystemicEffects ... ..... .. ... .. 76

2.2.3.3° Immunological and Lymphoreticular Effects . .................. 85



METHYL ter-BUTYL ETHER Xii

2.23.4 Neurological Effects ........ ... .. ... . ... .. . ... 85

2235 Reproductive Effects ......... ... . 86

223.6 Developmental Effects ........ ... .. .. ... . . . i 86

2237 Genotoxic Effects . ... .. .. 86

2238  CaNCET . ..o e e e 86

2.3 TOXICOKINETICS . ... e e e e 86
23,1 ADSOIPHION . ... 88
23.1.1 Inhalation Exposure ........ ... ... ... .. 88

23.1.2  Oral EXposure . ... ...t e e 90

2.3.1.3  Dermal Exposure ......... ... .. 91

232 Distribution ... ... e e 93
2321 Inhalation Exposure ........ ... ... . . . 93

2322 Oral EXposure . .......c.o ot 94

2323 Dermal Exposure .............. ... ... .... e 94

2324 OtherRoutes of Exposure ........ ... .. .0 . i, 95

233 Metabolism ... .. 96

2314 EXCIelion . ... e e e e e 99
2341 Inhalation EXposure ......... ... ittt 99

2342  Oral EXposure . ..... ... i i e 101

2343 Demmal Exposure ............ .. e 102

2344 OtherRoutesof Exposure ............. .. .. .. .. ... 103

2.3.5 Physiologically Based Pharmacokinetic (PBPK)Model ......................... 104

24 MECHANISMS OF ACTION ... .. e e e e 105
25 RELEVANCETOPUBLICHEALTH ........ ... .. . i 109
2.6 BIOMARKERS OF EXPOSURE ANDEFFECT ....... ... ... ... 136
2.6.1 Biomarkers Used to Identify or Quantify Exposure to MTBE .................. 137

2.6.2  Biomarkers Used to Characterize Effects Caused by MTBE ................... 139

2.7 INTERACTIONS WITH OTHER CHEMICALS ... ... ... ... ... .. .. 140
2.8 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE ......................... 140
2.9 METHODS FOR REDUCING TOXICEFFECTS . ... ... ...t 142
29.1 Reducing Peak Absorption Following Exposure ....... ... ... ... .......... 142

29.2 ReducingBodyBurden ......... . .. 143

293  Interfering with the Mechanism of Action for Toxic Effects ................. .. 143

2.10 ADEQUACY OF THE DATABASE .. .. ... e 144
2.10.1 Existing Information on Health Effects of MTBE .. ...... ... .. ... ... ....... 144
2.10.2 Identificationof DataNeeds ....... .. ... . .. ... ... . . i 146
2.10.3 Ongoing Studies ...... ... e 157

3. CHEMICAL AND PHYSICAL INFORMATION .. ... ... . i i 159
3.1 CHEMICAL IDENTITY ... e e e e 159
3.2 PHYSICAL AND CHEMICALPROPERTIES . ... ... .. . . i, 159
4. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL ........ ... ... .. ... ... ...... 163
4.1 PRODUCTION . ... e e e e 163
4.2 IMPORT/EXPORT . . . e 166
4.3 USE 166
4.4 DISPOSAL 166
5. POTENTIAL FOR HUMAN EXPOSURE . . . ... i e e 169
5.1 OVERVIEW o 169



METHYL tert-BUTYL ETHER xiii

5.2 RELEASESTOTHE ENVIRONMENT . ... ... i e 170

5.2.1 - N1 PPN 170

522 D2 17 e 175

5.2.3 SO0l o e e e e 176

5.3 ENVIRONMENTAL FATE ... .. e e e e 176

5.3.1  Transport and Partitioning ............. ... . i ... 176

5.3.2  Transformation and Degradation ............. ... .. . i 177

5.3, 2. AIT o e e e 177

5,322 Waaler . ot ottt et e e e e e 179

5.32.3 Sedimentand Soil ........ ... .. 180

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT .................. 180

5.4.1 AT Lt e e e e e 180

5.4.2 1) 181

54.3 Sedimentand Soil . ... .. .. e e e e 182

5.4.4  Other Environmental Media ........... ... 00, 183

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE ..................... 183

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES ............... ... .. .... 186

5.7 ADEQUACY OFTHEDATABASE . ... ... .. i 186

5.7.1 Identification of Data Needs . ... ..ottt e e 187

5.7.2  Ongoing Studies .......... RO 190

6. ANALYTICAL METHODS ... it e e e e et et et e e e 191

6.1 BIOLOGICAL SAMPLES . ... . e e e e e e e e e 191

6.2 ENVIRONMENTAL SAMPLES . ... .. it it e et 193

6.3 ADEQUACYOFTHEDATABASE ... ... i e 197

6.3.1 Identification of Data Needs .......... . i 197

6.3.2 Ongoing Studies ..........o it e 198

7. REGULATIONS AND ADVISORIES ... . e e e et e i 199

8. REFERENCES ... ittt ettt e ettt et ettt e et it ee s 203

0, GLOSSARY oot e e e 221
APPENDICES

A. MINIMAL RISK LEVEL (MRL) WORKSHEET(S) ......c.cooviriiiiiiiiiiii i, A-1

B. USER'S GUIDE . ...t e et e e e e e e e e e B-1

C. ACRONYMS, ABBREVIATIONS, ANDSYMBOLS ........ ... ... i C-1






METHYL tert-BUTYL ETHER XV

2-1

2-2

2-4

5-1

LIST OF FIGURES
Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation .............. 26
Levels of Significant Exposure to Methyl rert-Butyl Ether MTBE)-Oral ................... 66
Proposed Metabolic Scheme for Methyl tert-Butyl Ether (MTBE)inRats ................... 100
Existing Information on Health Effects of Methyl rert-Butyl Ether MTBE) ................. 145

Frequency of NPL Sites with Methyl tert-Butyl Ether (MTBE) Contamination ............... 171






METHYL tert-BUTYL ETHER Xvii

2-1

2-2

2-4

2-5

3-1

4-1

5-1

6-1

6-2

7-1

LIST OF TABLES
Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation .. ............. 11
Levels of Significant Exposure to Methyl rert-Butyl Ether (MTBE) -Oral ................... 59
Levels of Significant Exposure to Methyl rerr-Butyl Ether (MTBE) -Dermal ................. 77
Genotoxicity of Methyl tert-Butyl Ether MTBE) In Vivo ... ............. .. .. ....... ... 133
Genotoxicity of Methyl tert-Butyl Ether MTBE) In Vitro ................ ... ... .. ... 135
Chemical Identity of Methyl tert-Butyl Ether MTBE) ............ ... . ... ... o, 160
Physical and Chemical Properties of Methyl rert-Butyl Ether  MTBE) ..................... 161
Facilities that Manufacture or Process Methyl rert-Butyl Ether .. ............ .. ... . .. 165

Releases to the Environment from Facilities that Manufacture or Process
Methyl tert-Butyl Ether .......... .. ... ... ... . ... P 173

Analytical Methods for Determining Methyl tert-Butyl Ether (MTBE) in
Biological Samples ... ......... 192

Analytical Methods for Determining Methyl rert-Butyl Ether (MTBE) in
Environmental Samples ... ... . e 194

Regulations and Guidelines Applicable to Methyl tert-Butyl Ether (MTBE) ................. 201






METHYL tert-BUTYL ETHER 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about methyl fer#-butyl ether (MTBE) and the effects of

exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the nation. These sites
make up the National Priorities List (NPL) and are the sites targeted for long-term federal cleanup activities. MTBE has
been found in at least 12 of the 1,430 current or former NPL sites. However, it’s unknown how many NPL sites have
been evaluated for this substance. As more sites are evaluated, the sites with MTBE may increase. This information is

important because exposure to this substance may harm you and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container, such as a drum or bottle,
it enters the environment. This release does not always lead to exposure. You are exposed to a substance only when you

come in contact with it. You may be exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to MTBE, many factors determine whether you’ll be harmed. These factors include the dose (how
much), the duration (how long), and how you come in contact with it. You must also consider the other chemicals you’re

exposed to and your age, sex, diet, family traits, lifestyle, and state of health.

1.1 WHAT IS MTBE?

MTBE is the common name for a synthetic chemical called methyl tert-butyl ether. It is a flammable liquid made from
combinations of chemicals like isobutylene and methanol. It has a distinctive odor that most people find disagreeable. It
was first introduced as an additive for unleaded gasolines in the 1980s to enhance octane ratings. In city areas where

there are concerns over pollutants like carbon monoxide, EPA may require the use of MTBE or ethanol
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as an oxygenating agent to make the fuel burn more cleanly during the winter months. Fuels containing these additives
are called reformulated gasolines. Most MTBE is mixed with gasoline, so most people would come in contact with it
while exposed to automobile fuel vapors or exhausts. MTBE has other special uses as a laboratory chemical and in
medicine to dissolve gallstones. Its basic physical and chemical properties are summarized in Chapter 3; for more

information on its production and use, see Chapter 4.

1.2 WHAT HAPPENS TO MTBE WHEN IT ENTERS THE ENVIRONMENT?

MTBE will quickly evaporate from open containers. In the open air, it will quickly break down into other chemical
compounds, with half of it disappearing in about 4 hours. Like most ethers and alcohols, MTBE dissolves readily in
water. If MTBE is spilled on the ground, rainwater can dissolve it and carry it through the soil into the groundwater.
Spills or leaks from storage containers can seep into deeper soil layers and pollute groundwater, especially near
manufacturing sites, pipelines, and shipping facilities. Leakage from underground storage tanks, such as tanks at gasoline
filling stations, can also add MTBE to groundwater. MTBE is not expected to concentrate in fish or plants found in lakes,

ponds, and rivers. For more information, please see Chapters 4 and 5.

1.3 HOW MIGHT I BE EXPOSED TO MTBE?

Low levels of MTBE can be present in both indoor and outdoor air, and are mostly linked with the use of MTBE as a
gasoline additive. Because it is not presently considered a major harmful pollutant, it is usually not included in routine
national monitoring programs for liquids. This makes it difficult to estimate how much you could be exposed to.
Because MTBE evaporates quickly, large amounts of the vapor could enter closed spaces. Leaks, spills, or open
containers of MTBE pose a fire and explosion threat in the presence of open flames and electrical sparks, especially in
closed spaces. Most people are exposed to MTBE from auto exhaust when driving or from gasoline while fueling their
cars. People can also be exposed to MTBE from groundwater pollution. The chemical is likely to be present in very

small amounts in the
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air in cities or near highways. MTBE is used to treat gallstones, so patients treated with this medical procedure will have

some €xposure.

1.4 HOW CAN MTBE ENTER AND LEAVE MY BODY?

MTBE can enter your body rapidly if you breathe air, drink water, or eat food that contains it.

If your skin comes into contact with MTBE, it can enter your body through the skin, but this

happens more slowly. Most of the MTBE that you breathe in or take in by mouth can get into

your blood. Not as much gets into the blood through the skin. No matter how you are

exposed, a large amount of MTBE is breathed out without being changed into other chemicals. The MTBE that is not
breathed out is changed into other chemicals such as butyl alcohol, methyl alcohol, formaldehyde, formic acid, and
carbon dioxide. These chemicals also leave the body quickly in the air that you breathe out or in the urine. MTBE does
not stay in any organs of your body for a long time. Most of it and its breakdown products leave the body in 1 or 2 days.

For more information, see Chapter 2.

1.5 HOW CAN MTBE AFFECT MY HEALTH?

Some people who were exposed to MTBE while pumping gasoline, driving their cars, or

working as attendants or mechanics at gas stations complained of headaches, nausea, dizziness, irritation of the nose or
throat, and feelings of spaciness or confusion. These symptoms were reported when high levels of MTBE were added to
gasoline in order to lower the amount of carbon monoxide, a known poison, released from cars. MTBE has a very
unpleasant odor that most people can smell before any harmful effects would occur, but some people might feel irritation
of the nose or throat before noticing the smell. MTBE caused side effects in some patients who were given MTBE to
dissolve gallstones. The MTBE is given to these patients through special tubes that are placed into their gallbladders. If
MTBE leaks from the gallbladder into other areas of the body, the patient can have minor liver damage, a lowering of the

amount of white blood cells, nausea, vomiting, sleepiness, dizziness, and confusion. These effects are not long lasting.
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We know more about how MTBE affects the health of animals than the health of humans. Some rats and mice died after
they breathed high amounts of MTBE, but these levels were much higher than people are likely to be exposed to. MTBE
also caused irritation to the noses and throats of animals that breathed MTBE, The most common effect of MTBE in
animals is on their nervous systems. Breathing MTBE at high levels can cause animals to act as if they are drunk. For
example, some became less active, staggered, fell down, were unable to get up, and had partially closed eyelids. These
effects lasted only for about an hour, and then the animals seemed normal again. Some animals that breathed high levels
of MTBE for several hours a day for several weeks gained less weight than normal, probably because they ate less food
while they were inactive. When rats breathed high levels of MTBE for several hours every day for two years, some got
more serious kidney disease than these rats usually get as they grow old. Some of the male rats developed cancer in the
kidney, but whether this has meaning for people is not known When mice breathed high levels of MTBE for several
hours every day for a year and a half, some had larger livers than normal, and some mice developed tumors in the liver.
When rats were given high levels of MTBE by mouth for 2 years, some male rats developed cancer in the testes and
some female rats developed cancer of the blood (leukemia) and cancer (lymphoma) of some of the tissues that produce
blood cells. The Department of Health and Human Services (DHHS), the International Agency for Research on Cancer
(IARC), and the EPA have not classified MTBE for its ability to cause cancer. When pregnant rats, rabbits, or mice
breathed MTBE, birth defects occurred only in the baby mice. We do not know if this has any relevance for people.
MTBE did not affect the animals’ ability to reproduce.

Some rats and mice died after being given very large amounts of MTBE by mouth. The

amounts were much higher than people are likely to swallow from drinking water containing

MTBE. The effects on the nervous system in animals that are given MTBE by mouth are the

same as the effects that occur in animals that breathe MTBE. Some animals that were given

MTBE by mouth had diarrhea and irritation in their stomachs and intestines. Some animals also had very slight liver

damage.

MTBE irritated the skin of animals when it was placed directly on their skin. MTBE also
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irritated the eyes of animals when it was placed in their eyes or when air containing MTBE came
into contact with their eyes. For more information on the health effects of MTBE, please see

Chapter 2.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO MTBE?

There are no specific medical tests to determine whether you have been exposed to MTBE. But MTBE and its
breakdown product, butyl alcohol, can be measured in exhaled air, in blood, and in urine. Because MTBE and its
breakdown products leave the body in 1 or 2 days, these measurements can only tell if you have been exposed recently.
The effects of exposure to MTBE, such as stomach aches, fatigue, and dizziness, are common to many chemicals and
illnesses. These symptoms are not very useful in determining whether you were exposed to this particular chemical. For

more information, see Chapters 2 and 6.

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

To protect workers, the American Conference of Governmental Industrial Hygienists (ACGIH) recommends that the
amount in workroom air be limited to 100 parts per million (ppm) in an 8-to 10-hour work shift. At this time,
governmental agencies such the National Institute for Occupational Safety and Health (NIOSH), Occupational Safety and
Health Administration (OSHA), and EPA have not established exposure criteria for MTBE. For more information, see
Chapter 7.
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1.8 WHERE CAN I 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 provide you with information on 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.
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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 methyl fer#butyl
ether (MTBE). 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. LOAELS

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 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
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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 LSE tables and figures may differ depending on the
user’s perspective. Public health officials and others concerned with appropriate actions to take at
hazardous waste sites may want information on levels of exposure associated with more subtle effects in
humans or animals (LOAEL) or exposure levels below which no adverse effects (NOAELSs) have been
observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels or MRLs) may be of

interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of MTBE are

indicated in Tables 2-1 and 2-2, and Figures 2-1 and 2-2.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for MTBE. 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 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
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 B). 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. HEALTH EFFECTS

2.2.1 Inhalation Exposure

2.2.1.1 Death

No studies were located regarding death in humans following inhalation exposure to MTBE.

Information regarding death in animals was located for rats, mice, and rabbits. Acute inhalation 4-hour
LCs (lethal concentration, 50% kill) values in rats for 2 grades of MTBE were determined to be

39,395 ppm for ARCO MTBE (96.2% MTBE) and 33,370 ppm for commercial MTBE (99.1% MTBE)
(ARCO 1980). An acute LCs, in mice following inhalation of MTBE for 10 minutes was determined to be
180,000 ppm (Snamprogetti 1980). The LTs, (time at which death occurs in 50% of exposed animals) in
mice following inhalation exposure to 209,300 ppm MTBE was 5.6 minutes. No deaths occurred in male
or female Fischer rats exposed to < 8,000 ppm for 6 hours (Bioresearch Labs 1990d; Gill 1989).
Intermittent inhalation exposure of Sprague-Dawley rats of both sexes to MTBE for 9 days to
concentrations ranging from 100 to 3,000 ppm did not result in any treatment-related deaths (Biodynamics
1981). Intermittent exposure of rats for 5 days (Vergnes and Morabit 1989), rats and mice for 13 days
(Dodd and Kintigh 1989), or mice for 1 or 2 days (Vergnes and Chun 1994; Vergnes and Kintigh 1993) to
concentrations <8,000 ppm MTBE was not lethal. Similarly, no deaths occurred in pregnant Sprague-
Dawley rats (Conaway et al. 1985), pregnant CD-I mice (Conaway et al. 1985; Tyl and Neeper-Bradley
1989), or pregnant New Zealand rabbits exposed intermittently to < 8,000 ppm (Tyl 1989) during

gestation.

Intermediate-duration exposure of rats (5-10 minutes per day, 5 days per week for 30 days) to 50,000 and
80,000 ppm MTBE caused no mortality (Snamprogetti 1980). However, in mice similarly exposed, death
occurred in 1 of 30 mice exposed to 80,000 ppm for 10 minutes per day, 5 days per week for 30 days, but
no mice died after exposure to 50,000 ppm for 10 minutes per day or to 80,000 ppm for 5 minutes per day.
No mortality was observed in rats or mice exposed to <8,000 ppm MTBE 6 hours per day, 5 days per week
for 4 or 5 weeks (Chun and Kintigh 1993). No rats died during intermittent exposure to <8,000 ppm
MTBE for I3 weeks (Dodd and Kintigh 1989; Greenough et al. 1980) or to <2,500 ppm for 16-28 weeks
(Biles et al. 1987).

In a 24-month inhalation study, increased mortality and decreased mean survival time occurred in male
rats exposed intermittently to 3,000 and 8,000 ppm MTBE (Chun et al. 1992). These groups were

sacrificed at weeks 97 and 82, respectively. A slight increase in mortality and a significantly decreased



METHYL tert-BUTYL ETHER 10

2. HEALTH EFFECTS

mean survival time also occurred in the male rats exposed to 400 ppm (lowest concentration tested). This
group was maintained until the scheduled sacrifice. Chronic progressive nephropathy was the main cause
of death. Although female rats had slightly more deaths from chronic progressive nephropathy, the
increased mortality was not statistically significant. As discussed for Renal Effects in Section 2.2.1.2, the
higher incidence and greater severity of chronic progressive nephropathy at lower exposure concentrations
in male rats compared with female rats may be due to the exacerbation of this syndrome by the
accumulation of a;,-globulin or another unknown protein unique to male rats. In mice exposed to the
same concentrations of MTBE for 18 months, increased mortality and decreased mean survival time, due
to a slightly increased incidence of obstructive uropathy, occurred in males at 8,000 ppm (Burleigh-Flayer
et al. 1992). No increased mortality occurred in female mice. The LCs, values in rats and mice, the LTs
value in mice, and the concentrations associated with increased mortality in male mice in the chronicduration

studies are recorded in Table 2-1 and plotted in Figure 2- 1.

2.2.1.2. Systemic Effects

Studies regarding the systemic effects in humans and animals after inhalation exposure to MTBE are
discussed below. The highest NOAEL values and the LOAEL values for each systemic effect from all

reliable studies for each species and duration category are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Since MTBE has been used as a gasoline additive to increase octane levels and
more recently to reduce the levels of carbon monoxide emissions; some humans have reported respiratory
symptoms while adding gasoline to automobile tanks or while driving. Such anecdotal reports have
prompted studies by the Centers for Disease Control and Prevention (CDC). Preliminary investigations
were conducted by the state of Alaska, with the assistance of CDC (Belier and Middaugh 1992; Chandler
and Middaugh 1992). To determine whether symptoms were occurring, whether symptoms occurred in a
consistent pattern, and whether symptoms could be related to exposure to oxyfuel in Fairbanks and
Anchorage, Alaska, people believed to travel routinely in motor vehicles (taxi cab drivers and health-care
workers) were asked if they experienced an increase in health complaints during 1 or 2 months since
oxyfuel programs were initiated. In the study in Fairbanks (Beller and Middaugh 1992), university
students were used as controls. No appropriate control group was identified in Anchorage; university
students did not live in dormitories on a campus as isolated as in Fairbanks, and thus could not serve as a
control group (Chandler and Middaugh 1992). In the Fairbanks study (Beller and Middaugh 1992), the
percentage of persons who met the case definition (an increase in headaches or an increase in two or more

of the following: nausea or vomiting; burning sensation in the nose, mouth, or throat; cough; dizziness;



Table 2-1. Levels of Significant Exposure to

Methyl tert-Butyl Ether (MTBE) - Inhalation

R Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System {ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 4 hr 33370 (4-hrLC) ARCO 1980
(NS)
2 Mouse 3-12 min 209300 M (LT,,=5.6 min) Snamprogetti
(Swiss 1980
Aibino)
3  Mouse 10 min 180000 M (10-min LC,,) Snamprogeti
(Swiss 1980
Albino)
Systemic
4 Human 1hr Resp 1.7 Cain et al. 1994
5 Human 1hr Resp 1.39 Prah el al. 1994
6 Rat 4 hr Resp 18892  (nasal discharge, ARCO 1980
(NS) tachypnea, respiration

slowing until death)
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Specles  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (Ppm) Reference
7 Rat 9d Resp 1000  (chronic inflammation of Biodynamics 1981
(Sprague- 5 d/wk nasal mucosa and
Dawley) 6 hr/d trachea)
Cardio 3000
Gastro 3000
Hemato 3000
Musc/skel 3000
Hepatic 1000 3000 (increased relative liver
weight)
Renal 3000
Endocr 3000
Bd Wt 3000
8 Rat 2wk Bd Wt 3000 8000 (24-49% decreased body  Chun and Kintigh
(Fischer 6 hr/d weight gain) 1993
344) 5 d/wk
9 Rat 5d Renal 400 M 3000M (increased proliferation Chun and Kintigh
(Fischer 6 hr/d 8000 F of epithelial cells in the 1993
344) proximal convoluted
tubules)
10 Rat 1i0d Hepatic 2500 F Conaway et al.
(Sprague-  Gd 6-15 1985
Dawley) 6 hr/d
Bd Wt 2500 F
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System {ppm) (ppm) (Ppm) Reference
11 Rat 13d Resp 8000 Dodd and Kintigh
(Fischer 344) 6 hr/d 1989
Hepatic 2000 4000 (10-13% increased
relative liver weight in
both sexes; 14%
increased absolute liver
weight in females only)
Renal 2000 M 4000 M (8% increased relative
kidney weight)
4000 F 8000 F (8% increased absolute
kidney weight)
Bd Wt 2000 M 4000 M (65% decreased body
weight gain during days
1-3)
4000 F 8000 F (36% decreased body
weight gain during days
1-7)
12 Rat 1-14d Bd Wt 800 M 4000M (12% decrease in body 8000 (decrease in body weight  Dodd and Kintigh
(Fischer 344) 5 d/wk weight gain) gain, 60% in males, 41% 1989
6 hr/d in females)
4000 F
13 Rat 6 hr Bd Wt 8000 Gill 1989
(Fischer 344)
14  Mouse 5d Hepatic 3000 F 8000 F ‘ircreased proliferation Chun and Kintigh
(CD-1) 6 hr/d 8000 M of hepatocytes) 1993
<23 exp
15 Mouse i0d Hepatic 2500 F Conaway et al.
(CD-1) Gd 6-15 1985
6 hr/d Bd Wt 2500 F
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyi Ether (MTBE) - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain)  frequency System (PPM) (ppm) (PPM) Reference
16 Mouse 13d Hepatic 4000 M 8000M (13% increased relative Dodd and Kintigh
(CD-1) 6 hr/d liver weight) 1989
2000 F (13% increased relative
liver weight and 16%
increased absolute liver
weight)
Bd Wt 8000
17 Mouse 1 hr Resp 4604M (RD,, [50% decrease in Tepper et al. 1994
(Swiss- respiratory rate]
Webster) indicative of sensory
irritation)
18  Mouse 10d Resp 4000 F 8000 F (labored breathing) Tyl and
(CD-1) Gd 6-15 Neeper-Bradley
6 hr/d 1989
Hepatic 8000 F
Bd Wt 4000 F 8000 F (reduction in body weight
and weight gain by
7-16% accompanied by
reduction in food
consumption)
19  Mouse 1-2d Bd Wt 8000 Vergnes and
(CD-1) 6 hr/d Kintigh 1993
20 Rabbit 13d Resp 8000 F Tyl 1989
{New Gd 6-18
Zealand) 6 hr/d
Hepatic 4000 F 8000 F (increased relative liver
weight)
Bd Wt 1000 F 4000 F (reduction in maternal

weight gain and reduced
food consumption)
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - inhalation (continued)

a Exposure/ LOAEL
Keyto Species  duratior/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (Ppm) Reference
immunological/lLymphoreticular
21 Human 1hr 1.7 Cain et al. 1994
22 Rat 9d 3000 Biodynamics 1981
(Sprague- 5 d/wk
Dawiley) 6 hr/d
23 Rat 13d 8000 Dodd and Kintigh
{Fischer 344) 6 hr/d 1989
Neurological
24 Human 1 hr 1.7 Cain et al. 1994
25 Human 1hr 1.39 Prah et al. 1994
26 Rat 4 hr 18892 (incoordination, prostration, ARCO 1980
(NS) and loss of righting reflex)
27 Rat 9d 3000 Biodynamics 1981
(Sprague- 5 diwk
Dawley) 6 hr/d
28 Rat 6 hr 400 8000 (ataxia and drowsiness) Bioresearch Labs
(Fischer 344) 1990d
29 Rat <28d 400 3000 (ataxia, hypoactivity, lack Chun and Kintigh
{Fischer 344) 5 d/wk of startle response, 1993
6 hr/d blepharospasm})
30 Rat 13d 2000 (hypoactivity) 4000 (hypoactivity, ataxia) Dodd and Kintigh
(Fischer 344) 6 hr/d 1989
31 Rat 1-14d 800 4000 (hypoactivity) 8000 (ataxia) Dodd and Kintigh
(Fischer 344) 5 d/wk 1989
6 hr/d
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto  Specles  duration/ NOAEL Less serious Serlous
figure (strain)  frequency System (Ppm) (Ppm) (ppm) Reference
32 Rat 6 hr 800b 4000 (dose-related increased Gill 1989
(Fischer 344) incidence/severity ataxia
and duck walk gait)
33 Mouse <23 exp 400 3000 (ataxia, hypoactivity, lack  Chun and Kintigh
(CD-1) 5 d/wk of startle response) 1993
6 hr/d
34 Mouse 13d 2000 (hypoactivity) 4000 (hypoactivity and ataxia) Dodd and Kintigh
(CD-1) 6 hr/d 1989
35 Mouse 10d 1000 F 4000 F (hypoactivity, ataxia) Tyl and
(CD-1) Gd 6-15 Neeper-Bradiey
6 hr/d 1989
36 Mouse 2d 400 3000 (hypoactivity, lack of 8000 (hypoactivity, abdominal Vergnes and
(CD-1) 6 hr/d startle response) breathing, ataxia, Chun 1994
prostration)
37 Rabbit 13d 4000 F 8000 F (ataxia, hypoactivity) Tyl 1989
(New Gd 6-18
Zealand) 6 hr/d
Reproductive
38 Rat 9d 3000 Biodynamics
(Sprague- 5 d/iwk 1981
Dawley) 6 hr/d
39 Rat 10d 2500 F Conaway et al.
(Sprague- Gd 6-15 1985
Dawley) 6 hr/d
40 Mouse 10d 2500 F Conaway et al.
(CD-1) Gd 6-15 1985
6 hr/d
41  Mouse 13d 8000 M Dodd and Kintigh
(CD-1) 6 hr/d 1989
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

a Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System (Ppm) (Ppm) (ppm) Reference
42 Mouse 10d 8000 F Tyl and
(CD-1) Gd 6-15 Neeper-Bradley
6 hr/d 1989
43 Rabbit 13d 8000 F Tyt 1989
(New Gd 6-18
Zealand) 6 hr/d
Developmental
44 Rat 10d 2500 Conaway et al.
(Sprague- Gd 6-15 1985
Dawley) 6 hr/d
45 Mouse 10d 2500 Conaway et al.
(CD-1) Gd 6-15 1985
6 hr/d
46 Mouse 10 d 1000 4000 (reduced skeletal 8000 (increased nonviable Tyl and
(CD-1) Gd 6-15 ossification, reduced implants/litter and late Neeper-Bradley
6 hr/d fetal body weight) resorption; increased 1989
incidence of cleft palate
in fetuses)
47 Rabbit 13d 8000 Tyl 1989
(New Gd 6-18
Zealand) 6 hr/d
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (ppm) (Ppm) Reference
INTERMEDIATE EXPOSURE
Systemic
48 Rat 16-28 wk Resp 2500 Biles et al. 1987
(Sprague- 5-7 diwk
Dawley) 6 hr/d
Bd Wt 2500
49 Rat 4-5 wk Hepatic 400 3000 (increased absolute and Chun and Kintigh
(Fischer 5 d/wk relative liver weight) 1993
344) 6 hr/d
Renal 400 3000 (increased protein
accumulation & prol-
iferation of epithelial
cells in proximal con-
voluted tubules in males;
increased absolute and
relative kidney weight in
females)
Bd Wt 3000 M 8000 M (24-35% decreased body
8000 F weight gain)
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System (Ppm) (ppm) (ppm) Reference
50 Rat 13 wk Resp 8000 Dodd and Kintigh
(Fischer 344) 5 dfwk 1989
6 hr/d Cardio 8000
Gastro 8000
Hemato 800 M (mild decrease in RBC
and WBC; increase in
MCV, and MCH)
4000 F 8000 F (increased neutrophils
and hematocrit)
Musc/skel 8000
Hepatic 800 M (increased relative liver
800 F 4000 F weight)
Renal 800 M (increased relative
800 F 4000 F kidney weight)
Endocr 4000 8000 (increase in serum
corticosterone)
Bd wt 8000
51 Rat 13 wk Resp 1000 Greenough et al.
{Sprague- 5 d/wk 1980
Dawley) 6 hr/d
Cardio 1000
Gastro 1000
Hemato 1000
Musc/skel 1000
Hepatic 1000
Renal 500 M 1000 M (significant increase in BUN)
1000 F
Endocr 1000
Bd Wt 1000
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serlous Serious
figure (strain) frequency System (epm) (ppm) (ppm) Reference
52 Rat 14-19 wk Resp 8000 Neeper-Bradley
(Sprague- 5-7 d/iwk 1991
Dawley) 6 hr/d
Gastro 8000
Hepatic 400 M 3000 M (increased relative liver
3000 F 8000 F weight in F1 parents)
Renal 8000
Endocr 8000
Bd Wt 3000 M 8000M (10.3% reduction in body
weight gain)
53 Rat 2-15 wk Musc/skel 300M Savolainen et al.
(Wistar) 5 d/wk 1985
6 hr/d
Hepatic 300M
Renal 300 M
Bd Wt 300 M
54 Mouse 28d Hepatic 400 F 3000 F (increased absolute and Chun and Kintigh
(CD-1) 5 d/wk relative liver weight) 1993
6 hr/d 3000M 8000M (centrilobular
hepatoceliular
hypertrophy)
Renal 8000
Endocr 8000
Bd wt 8000
Immunological/Lymphoreticular
55 Rat 13 wk 4000 M 8000M (hyperplasia of Dodd and Kintigh
(Fischer 344) 5 d/wk submandibular lymph 1989
6 hr/d nodes)
8000 F
56 Rat 13 wk 1000 Greenough et al.
(Sprague- 5 d/wk 1980
Dawley) 6 hrid
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

s Exposure/ LOAEL
Keyto Specles  duration/ NOAEL Less serious Serious
figure (strain) frequency System (PPm) (ppm) (ppm) Reference
57 Rat 14-19 wk 8000 Neeper-Bradley
(Sprague- 5-7 d/wk 1991
Dawley) 6 hr/d
Neurological
58 Rat 4-5 wk 400 3000 (ataxia, hypoactivity, lack  Chun and Kintigh
(Fischer 5 d/iwk of startle response, 1993
344) 6 hr/d blepharospasm)
.59 Rat 13 wk 800 M 4000 M (hypoactivity; decreased 8000 (ataxia and hypoactivity) Dodd and Kintigh
{Fischer 344) 5 d/wk hind limb grip strength) 1989
6 hr/d 800 F (increased motor
activity)
60 Rat 14-19 wk 400¢ 3000  (hypoactivity, lack of Neeper-Bradley
(Sprague- 5-7 d/wk startle response, 1991
Dawley) 6 hr/d blepharospasm)
61 Rat 2-15 wk 300 M Savolainen et al.
(Wistar) 5 dfwk 1985
6 hr/d
62 Mouse 28d 400 3000 (ataxia, hypoactivity, lack  Chun and Kintigh
(CD-1) 5 diwk of startle response) 1993
6 hr/d
Reproductive
63 Rat 16-28 wk 2500 Biles et al. 1987
(Sprague- 5-7 diwk
Dawley) 6 hr/d
64 Rat 13 wk 8000 Dodd and Kintigh
(Fischer 344) 5 d/iwk 1989

6 hr/d
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

R Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System (Ppm) (ppm) (Ppm) Reference
65 Rat 13 wk 1000 Greenough et al.
(Sprague- 5 d/wk 1980
Dawley) 6 hr/d
66 Rat 14-19 wk 8000 Neeper-Bradley
(Sprague- 5-7 diwk 1991
Dawiey) 6 hr/d
Developmental
67 Rat 16-28 wk 2500 Biles et al. 1987
{Sprague- 5-7 diwk
Dawley) 6 hr/d
68 Rat 14-19 wk 400 3000 (reduced F1 and F2 pup Neeper-Bradley
(Sprague- 5-7 diwk weight) 1991
Dawley) 6 hr/d
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppM) (ppm) (oPm) Reference
CHRONIC EXPOSURE
Death
69 Mouse 18 mo 8000 M (increased mortality and Bureigh-Flayer et
{CD-1) 5 diwk decreased survival time) al. 1992
6 hr/d
Systemic
70 Rat 24 mo Resp 8000 Chun et al. 1992
(Fischer 344) 5 d/wk Cardio 8000
6 hr/d Gastro 8000
Hemato 8000
Musc/skel 400 F 3000 F (osteodystrophy,
secondary to chronic
progressive nephropathy)
Hepatic 400 F 3000 F (increased absolute and
8000 M relative liver weight)
Renal 40049 F 3000 F (dose-related increased
incidence/severity of
chronic progressive
nephropathy)
Endocr 400 3000 F (hyperplasia of parathyroid,
secondary to chronic
progressive nephropathy)
Bd Wt 3000 8000  (13-19% decreased

absolute body weight and
22-29% decreased body
weight gain)
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (PpM) (Ppm) Reference
71 Mouse 18 mo Resp 8000 Burleigh-Flayer et
(CD-1) 5 d/wk al. 1992
6 hr/d Cardio 8000
Gastro 8000
Hemato 8000
Musc/sket 8000
Hepatic 400 3000 (increased absolute and
relative liver weight)
Renal 3000 8000  (obstructive uropathy in
males, increased relative
kidney weight in females)
Endocr 8000
Bd Wt 3000 8000 (15-24% decreased body
weight gain)
Immunological/Lymphoreticular
72 Rat 24 mo 8000 Chun et al. 1992
(Fischer 344) 5 d/wk
6 hr/d
73  Mouse 18 mo 8000 Burleigh-Flayer et
(CD-1) 5 d/wk al. 1992
6 hr/d
Neurological
74 Rat 24 mo 400 3000 (blepharospasm, Chun et al. 1992
(Fischer 344) 5 d/wk hypoactivity, ataxia, lack
6 hr/d of a startle reflex)
75 Mouse 18 mo 400 3000 (blepharospasm, Burleigh-Fiayer et
(CD-1) 5 d/iwk hypoactivity, ataxia, lack  al. 1992
6 hr/d of startle reflex,

stereotypy)
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Table 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (continued)

. Exposure/ LOAEL
Keyto Species  duration/ NOAEL Less serious Serious
figure (straln)  frequency System (ppm) (Ppm) (ppm) Reference
Reproductive
76 Rat 24 mo 8000 Chun et al. 1992
{Fischer 344) 5 d/wk
6 hr/d
77  Mouse 18 mo 8000 Burleigh-Flayer et
(CD-1) 5 diwk al. 1992
6 hr/d
Cancer
78 Rat 82-97 wk 3000 M (CEL - renal tubule Chun et al. 1992
(Fischer 344) 5 d/wk adenoma and carcinoma)
6 hr/d
79 Mouse 18 mo 8000 (CEL - hepatocellular Burleigh-Flayer et
(CD-1) 5 d/wk adenoma and carcinoma)  al. 1992
6 hr/d

4The number corresponds to entries in Figure 2-1.

bUsed to derive an acute inhalation minimal risk level (MRL) of 2 ppm. Concentration adjusted for intermittent exposure, converted to an equivalent concentration in humans, and
divided by an uncertainty factor of 100 (10 for extrapotation from animals to humans and 10 for human variability).

€Used to derive an intermediate inhalation MRL of 0.7 ppm. Concentration adjusted for intermittent exposure, converted to an equivalent concentration in humans, and divided by an

uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability).

dUsed to derive a chronic inhalation MRL of 0.7 ppm. Concentration adjusted for intermittent exposure, converted to an equivalent concentration in humans, and divided by an

uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability).

Bd Wt = body weight; BUN = blood urea nitrogen; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; exp = exposure(s); F = female; Gastro =
gastrointestinal; Gd = gestational day; Hemato = hematological; hr = hour(s); LCso = lethal concentration, 50% kill; LOAEL = lowest-observable-adverse-effect level; LTso = time

to 50% kill; M = male; MCH = mean corpuscular hemaoglobin; MCV = mean corpuscular volume; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NOAEL =

no-observable-adverse-effect level; NS = not specified; RBC = red blood cell; Resp = respiratory; WBC = white blood cell; wk = week(s)
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Figure 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation
Acute (<14 days)

H¥3IHLI 1ALNG-H8) TAHLIN

Systemic
> & P @
S S £ & g
0 e f & 5 & S
& N & S &
s g s £ & s & 3 & N
(ppm) & & S F £ s & & & B
< &
1000000 SIS S @
2m 4
(Y
100000
1r
u 6r
10000 F 11r  18m 20h 14m 18m 20h 8r 12r 13r 16m 18m  19m
O1n® O v O o] o ®e .00 00 O,
(o) 7r 7r 7r 7r " oqor O 4Musm (o) 7r 9r ¢ ) 7t 71 8r 40 ®0 15m o) 0
18m O O O O 00000187 20n OOO o 000012r O 18m
o I 20h
11 11 1
1000 | o (o) ' r ro o
g 12r
100 F
Key
10
t .
:n rn:ouse - LCso (animals) : Minimal risk level
Ag h  rabbit @ LOAEL for serious effects (animals) | for effects other
1} @ LOAEL for less serious effects (animals) \:J than cancer
O NOAEL (animals)
. The number next to
@ CEL: cancer effect level (animals) each point corresponds
A NOAEL (humans) to entries in Table 2-1.
0.1 -

S103443 HLTV3IH T



Figure 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (cont.)

Acute (<14 days)
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Figure 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (cont.)
Intermediate (15-364 days)
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