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FOREWORD

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

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

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

Each profile includes the following:

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

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

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

The principal 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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points, mechanisms of action, human and animal exposure, and quantification of risk to humans. All reviewers were
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Environmental Response, Compensation, and Liability Act, as amended.

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

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

This public health statement tells you about 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
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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)

S103443 HAV3H 2

H3IH13 TALNE-U8] TAHLINW

1



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)
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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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Figure 2-1. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Inhalation (cont.)
Chronic (2365 days)
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spaciness or disorientation; eye irritation) was highest in taxi drivers (4 of 12 or 33%), followed by health — care workers
(26 of 90 or 29%); the percentage of Fairbanks university students who met the case definition was 15% (15 of 101). The
proportion of cases in which symptoms while traveling were reported was 3 of 4 taxi drivers, I1 of 26 health-care
workers, and 3 of 15 students; the proportion of cases in which symptoms while fueling were reported was 1 of 4 taxi
drivers, 9 of 26 health-care workers, and 3 of 15 students. Of the cases, burning sensation in the nose or throat was
reported by 0 of 4 (0%) taxi drivers, 2 of 26 (8%) health workers, and 3 of 15 (20%) students, and cough was reported by
1 of 4 (25%) taxi drivers, 8 of 26 (31%) health-care workers, and 3 of 15 (20%) students. On average, taxi drivers,
healthcare workers, and students reported spending 69, 7.7, and 0.8 hours/week, respectively, traveling by motor vehicle.
In the Anchorage study (Chandler and Middaugh 1992), the proportion of persons who met the case definition, as
defined above, was 12 of 25 (48%) taxi drivers and 36 of 137 (26%) health-care workers. The proportion of cases in
which symptoms while traveling were reported was 12 of 12 taxi drivers and 27 of 36 health-care worker, and the
proportion of cases in which symptoms while fueling were reported was 9 of 12 taxi drivers and 19 of 36 health-care
workers. Of these cases, nose or throat burning was reported by 5 of 12 (42%) taxi drivers and 13 of 36 (36%) health-
care workers, and cough was reported by 4 of 12 (33%) taxi drivers and 13 of 36 (36%) health-care workers. The authors
of these reports noted that these investigations do not provide definitive evidence that symptoms are due to the oxyfuel
programs, but since these investigations were initiated with only modest goals and had many limitations, no definitive
results could be expected. Limitations of these studies include the observations that the university students were
interviewed shortly before their final examinations took place (when students historically experience more headaches)
and that some of the students had access to motor vehicles, factors which could bias results against finding an association
between symptoms and exposure to oxyfuel. In addition, the investigations were not conducted when the temperature
dropped below 0 °F, when many people reported that health complaints were worse. Furthermore, the results of these
investigations could have been heavily influenced by widespread media coverage and public opposition to the oxyfuel
program. Several Anchorage taxi drivers mentioned issues that could bias their symptom

reporting: that oxyfuels cost more money, that their cabs were running poorly, that they experienced

decreased gas mileage, and that they lost profits because the airport was charging the taxi drivers more.

CDC studies were conducted in Fairbanks, Alaska (CDC 1993a; Moolenaar et al. 1994) and in Stamford,
Connecticut (CDC 1993b; White et al. 1995), during oxygenated fuel programs. In the Fairbanks study,
people exposed to MTBE in gasoline were monitored during the first 2 weeks of December, 1992 (Phase
I), when the oxygenated fuel program was in full effect, and during the beginning of February, 1993
(Phase II), after the oxygenated fuel program had ended on December 22, 1992 (CDC 1993a; Moolenaar et
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al. 1994). In Phase I, the subjects consisted of 10 mechanics and workers at service stations and
automobile dealerships and 8 subjects who spent most of their workdays in motor vehicles (animal control
officers, meter and telephone technicians, and a garbage collector). The median 8-hour time-weighted
average (TWA) concentration of MTBE in the workplace air of the service stations and dealership garages
was 0.1 ppm, with a range of 0.01-0.81 ppm. The frequencies of key respiratory symptoms were 9 of 18
for burning sensation of nose or throat and 5 of 18 for cough. In Phase II, the subjects consisted of 12 of
the original 18 participants in Phase I and an additional 16 workers from service stations and garages
(n=28 workers). The median 8-hour TWA concentration of MTBE in the workplace air was 0.04 ppm,
with a range of nondetectable to 0.14 ppm. The difference in the median TWAs of MTBE concentrations
in Phase I and Phase II was statistically significant. The frequency of key respiratory symptoms in the
Phase II subjects was 0 of 28 for both cough and burning sensations of the nose or throat. As discussed in
Section 2.3.1.1, the median preshift concentrations of MTBE in blood of occupationally exposed workers
were 1.15 pg/L (range, 0.1-27.8 pg/L) in Phase I and 0.20 pg/L (range, 0.05 to 4.35 ng/L) in Phase II,
which were statistically significantly different. Likewise, postshift blood concentrations of MTBE in
occupationally exposed workers were statistically significantly higher in Phase I (median 1.80 pg/L and
range 0.2-37.0 pg/L) than in Phase II (median 0.24 pg/L and range 0.05-1 .44 pg/L). The authors reported
that when the Phase I postshift blood concentrations were separated into quartiles, all of the 4 workers
whose levels were in the top quartile (above 9.6 pug/L) had one or more of the 7 key health complaints
(headache, eye irritation, burning of the nose of throat, cough, nausea or vomiting, dizziness, and a
sensation of spaciness or disorientation) on the day the blood samples were obtained, compared with 9 of
14 of those whose levels were in the lower 3 quartiles. The Stamford, Connecticut study (CDC 1993b;
White et al. 1995) was conducted from April 5 to 16, 1993, about 5 months after gasoline stations began
selling gasoline containing 15% MTBE (no Phase II in Stamford study). The study participants were
divided into 4 groups: Group 1 consisted of 48 male mechanics or gasoline station attendants; Group 2
consisted of 57 male taxi or limousine drivers; Group 3 consisted of 12 “other” male workers who spent
most of their time around traffic or motor vehicles (e.g., meter readers); and Group 4 consisted of 59 men
not occupationally exposed, but who commuted to work in their cars. The frequency of key respiratory
symptoms was as follows: burning nose or throat in 7 of 48 (14.6%) mechanics (Group 1), in 0 of 57 (0%)
professional drivers (Group 2), in 4 of 12 (33.3%) “other” workers (Group 3), and in 4 of 59 (6.8%)
commuters (Group 4); cough in 7 of 48 (14.6%) mechanics, in 3 of 57 (5.3%) professional drivers, in 5 of
12 (41.7%) “other” workers, and in 9 of 59 (15.3%) in commuters. Approximate median blood levels of
MTBE were 0.1 pug/L in 14 commuters, 2 ug/L in 2 1 car repairers, 0.1 pg/L in 6 “other” workers, and

25 ng/L in 3 gas station attendants. The 11 individuals with the highest blood MTBE levels (>2.4 nug/L)

were significantly more likely to report one or more key symptoms. Both personal breathing zone levels
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of MTBE for the mechanics and workroom levels of MTBE were measured. Personal breathing zone
levels of mechanics ranged from <0.03 to 12.04 ppm, while workroom levels ranged from 0.001 to

0.429 ppm. In both the Stamford and the Fairbanks studies, the accuracy of the measured workroom levels
was questionable since the content of the air a worker actually breathed may have been substantially
different from the air level measured by the monitoring devices. In addition, in the Stamford study, many
of the windows and doors were open due to the mildness of the weather, leading to an underestimation of
the exposure levels (CDC 1993b; White et al. 1995). Furthermore, the breathing zone levels, which were
measured approximately one week earlier, were questioned because exposure to higher levels of MTBE
probably occurred while the workers were close to the gasoline tank. Other limitations of these studies
include the participation of only healthy working adults, no control groups, small to modest numbers of
participants limiting the statistical power, and the possibilities that an unknown contaminant or
combustion product of MTBE, interaction between MTBE and other gasoline components, or the other
components alone, may have been responsible for the symptoms. In addition, it is possible that persons
willing to participate in the study may have been more likely to report symptoms; or that participants and
investigators may have been biased due to awareness of the purpose of the study, publicity, the cost of

oxygenated fuel, the odor, or negative personal views.

A telephone interview survey was conducted in metropolitan Milwaukee, Wisconsin, and in metropolitan
Chicago, Illinois (the use of reformulated gasoline was required in both of these areas), and in the rest of
Wisconsin exclusive of metropolitan Milwaukee (where the use of reformulated gasoline was not required)
(Anderson et al. 1995). In the Milwaukee metropolitan area, 23% of the telephone survey respondents
reported experiencing unusual symptoms since the reformulated gasoline program started, while in the
Chicago metropolitan area and in the rest of Wisconsin, only 6% of the respondents reported experiencing
unusual symptoms. Therefore, the proportion in Chicago was not statistically different from that found in
Wisconsin. Prevalence of respiratory symptoms associated with MTBE exposure in the questionnaire
(throat irritation, difficulty breathing, sinus congestion, funny smells) was statistically higher in
Milwaukee than in either Chicago or Wisconsin; the prevalence was not different between Chicago and
Wisconsin for any symptom. These results suggest that factors other than reformulated gasoline use
contributed significantly to the differences in symptom prevalence between Milwaukee and the other two
areas. Knowledge about reformulated gasoline, including the likely awareness of the potential negative
effects of reformulated gasoline in Milwaukee and Wisconsin, may have biased the symptom reporting. It
was noted that following the nationally televised story about the health effects of MTBE on January 19,
1995, a local Milwaukee television station ran a week-long feature about MTBE, which prompted an

increasing number of complaints from Milwaukee residents. In the telephone survey, familiarity with
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MTBE as a reformulated gasoline additive was reported by 54% of the Milwaukee residents, 23% of
Chicago residents, and 40% of the Wisconsin residents. The authors concluded that the study was unable
to attribute the increased prevalence of symptoms in Milwaukee to reformulated gasoline use, but did not
rule out subtle effects or the possibility that a relatively small number of individuals in Milwaukee may

have had a greater sensitivity to reformulated gasoline mixtures.

In May 1993, CDC and New York state health officials investigated whether exposure to MTBE in fuels
was measurable in occupationally and nonoccupationally exposed people in Albany, where MTBE is used
in small concentrations (CDC 1993c). Questionnaires regarding MTBE-associated symptoms (headache,
eye irritation, burning of the nose or throat, cough, nausea, dizziness, and spaciness) were administered.
Group 1 consisted of 34 automobile repair shop workers and service station attendants exposed to gasoline
fumes; Group 2 consisted of 48 policemen, toll booth workers, and parking garage attendants exposed to
automobile exhaust; and Group 3 consisted of 182 office workers and college students who may have been
exposed to minute amounts of automobile emissions, but who were not occupationally exposed to
gasoline. Ambient air and worksite levels of MTBE were nondetectable (<5 ppb), but MTBE was
detectable in the personal air monitoring zone of 2 of 13 auto mechanics and gas station attendants, one at
a level of 140 ppb. The proportion of subjects who reported burning nose or throat was 2 of 34 (6%) in
Group I, 2 of 48 (4%) in Group 2, and 24 of 182 (13%) in Group 3. The proportion of subjects who
reported cough was 5 of 34 (15%) in Group 1, 12 of 48 (25%) in Group 2, and 37 of 182 (20%) in Group
3. All key symptoms were slightly more prevalent and the presence of 2 or more key symptoms was

2-3 times more prevalent in Groups 2 and 3 than in Group 1, but the increases were not statistically
significant. Thus, no increase in health complaints among people with higher gasoline exposures was
detected. Limitations of the this study included that the study sample may not have accurately represented
the population in the various exposure categories; that subjects in Group 3 may have been more likely to
report symptoms; and that the study was conducted in early May, when the people may have been driving
with their car windows open, when car repair garages typically had their bays open, and when allergies

related to pollen may have affected the symptom reporting.

A cross-sectional cohort study investigated self-reported symptoms (headache, nausea, cough,
lightheadedness, sleepiness while driving, daytime sleepiness, eye irritation) of garage workers in the state
of New Jersey exposed to high (115 workers in northern New Jersey during the wintertime oxyfuel
program) and low (122 workers in southern New Jersey 10 weeks after the phase-out date for oxyfuel
program) MTBE concentration environments; the results of the questionnaire regarding respiratory

symptoms (cough) over the last 30 days showed no significant difference (12% in the northern workers



METHYL tert-BUTYL ETHER 34

2. HEALTH EFFECTS

and 17% in the southern workers, p=0.23) (Mohr et al. 1994). Results of the pre- and postshift
questionnaires revealed that all workers felt worse at the end of the workday with regard to symptoms
associated with MTBE (not otherwise specified), but no difference was found between the groups or in
reporting rates between groups across the work shift. No difference in 30-day symptom reporting was
found in subgroups of 13 northern New Jersey workers and 15 southern New Jersey workers who spent an
average of >5 hours per day pumping gasoline. However, analysis of the pre- and postshift questionnaires
showed a higher rate of symptom reporting (p=0.03 for MTBE-associated symptoms) for the northern gas
pumpers than for the southern gas pumpers, but not when the same analysis was repeated with northern
gas pumpers and age-, sex-, and education-matched southern gas pumpers. Active air sampling done for

1 hour, which was converted to 8-hour TWAs, yielded high MTBE levels (1.66-6.1 ppm) in northern New
Jersey garages and nondetectable (<0.28 ppm) to low (0.28-0.83 ppm) MTBE levels in southern New
Jersey garages. Passive samplers worn by some of the workers indicated high (1.66-6.1 ppm) or very high
(>6.1 ppm) MTBE levels in northern New Jersey. For the southern New Jersey workers, some of the
samplers had high levels, but most were low or nondetectable. The authors concluded that no increased
rate of symptom reporting was found, even though the northern New Jersey workers received higher
exposures. Nevertheless, even 10 weeks after the phase-out date of oxyfuels in southern New Jersey, some
workers still received significant exposure, probably due to changing fuel filters and pumps in vehicles

that still contained the wintertime oxyfuel.

To address some of the issues identified in the occupational and field studies, an experimental double - blind
study was conducted in 22 healthy men and 21 healthy women, who were examined for both objective
and subjective effects (Cain et al. 1994). In this study, half of the subjects were exposed

sequentially to 1.7 ppm MTBE for 1 hour on 1 day, to uncontaminated air for 1 hour 2 days later, and to
7.1 ppm of a 17-component mixture of volatile organ compounds (VOCs) for 1 hour 2 days later. The
other half of the subjects were similarly exposed in the reverse order. The subjects were able to detect the
odor of MTBE, but expressed little objection to it. Analysis of nasal lavage material for differential cell
counts of polymorphonuclear neutrophilic leukocytes (PMNS5), epithelial cells, monocytes, eosinophils,
and lymphocytes revealed no statistically significant differences across the three exposure conditions. In
addition, statistical analysis of the results of questionnaires administered every 10 minutes during the
various exposure conditions revealed no differences for irritation of the nose or throat, dry or sore throat,
stuffy or runny nose, sinus congestion, cough, wheezing, chest tightness, or shortness of breath when the
subjects were exposed to MTBE or when they exposed to air. In a similar study, 19 healthy men and

18 healthy women were exposed for 1 hour to clean air and 1.39 ppm MTBE in separate sessions at least

1 week apart (Prah et al. 1994). The order of exposure was randomly selected, but because of the odor of
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MTBE, it is likely that subjects were aware of the exposure conditions. Results of questionnaires
administered prior to exposure, immediately upon entering the exposure chamber, after 30 minutes of
exposure, and during the last 5 minutes of exposure revealed no differences for irritation of the nose,
cough, wheezing, chest tightness, shortness of breath, stuffy or runny nose, or irritation of the throat. No
differences were found for nasal inflammation by the determination of neutrophils, interleukin-8, albumin
and prostaglandin D2 in nasal lavage material. Female subjects reported that the air quality in the MTBE
condition was worse than in the clean air condition. The odor threshold was determined to be
approximately 0.18 ppm. Thus, other than detection of the odor and the reported poor air quality in these
experimental studies, no reactions to exposure to MTBE were observed or reported under the conditions of
the studies. Although the exposure concentrations used in these experimental studies were chosen on the
basis of airborne concentrations of MTBE to which commuters are exposed, the studies could not resolve
whether multiple exposures, exposure to higher concentrations, and exposure for longer durations, which

are more relevant for real-life exposure of motorists to MTBE, would have caused cumulative effects.

In a study conducted to determine whether symptoms associated with MTBE were reported at an increased
rate among subjects known to be sensitive to chemicals and in situations where exposure to MTBE was
likely to be greatest, 14 individuals with multiple chemical sensitivities, 5 individuals with chronic fatigue
syndrome, and 6 normal control individuals were interviewed regarding symptoms in response to
situations in which gasoline containing MTBE was used (driving a car, gasoline stations) and not used
(shopping malls, grocery stores, office buildings, parks) (Fiedler et al. 1994). The symptoms of interest
included cough and burning sensation in the nose. Although multiple chemical sensitivity subjects and
chronic fatigue syndrome subjects reported more symptoms than normal controls in some situations, no
significant differences were found among the groups for driving a car or visiting gas stations. The authors
concluded that the study did not provide clear evidence to support that an unusually high rate of symptoms

or an increase of symptoms occurred uniquely where MTBE exposure was likely.

Respiratory effects have been observed in animals following inhalation exposure to MTBE. A 4-hour
exposure of rats to > 19,621 ppm ARCO MTBE (96.2% MTBE) caused hyperpnea, while a 4-hour
exposure of rats to >18,892 ppm commercial MTBE (99.1% MTBE) caused tachypnea and nasal
discharge, with respiration gradually slowing until the rats died (ARCO 1980). In a study to determine the
RDsg (the concentration that results in 50% decrease in respiratory rate) for respiratory irritancy of MTBE,
mice were exposed to 83,277,832, 2,774, or 8,321 ppm MTBE for 1 hour (Tepper et al. 1994). A
threshold irritant response (13%) in respiratory rate occurred at 83 ppm, and a 52% decrease in breathing

frequency occurred at 8,321 ppm. No pulmonary irritation was observed at < 2,774 ppm, but a mixed
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pattern of irritant response, indicating both sensory and pulmonary irritation, occurred at 8,321 ppm. The

RDsg, indicative of sensory irritation, was determined to be 4,604 ppm.

Intermittent exposure of rats for 9 days to concentrations of 1,000 or 3,000 ppm MTBE resulted in high
incidence (27 of 40 in both groups) and increased severity of chronic inflammation of the nasal mucosa
and trachea (Biodynamics 1981). In mated female rabbits exposed to < 8,000 ppm MTBE on

gestational days 6 through 18, no gross lesions were observed in the respiratory tract of the exposed dams
when sacrificed on gestational day 29 (Tyl 1989), but histological examination was not performed.
However, labored breathing was observed in mouse dams exposed to 8,000 ppm, but not 1,000 or

4,000 ppm, MTBE on gestational days 6-15 (Tyl and Neeper-Bradley 1989). Necropsy revealed color
changes in the lungs of 1 dam in the control group, 3 dams in the 4,000 ppm group, and 5 dams in the
8,000 ppm group, but histological examination was not performed. In rats exposed intermittently for
16-28 weeks to concentrations < 2,500 ppm MTBE, nasal discharge and rales were among the most
common observations, but control animals were reported to have similar types and incidences of these
clinical signs (Biles et al. 1987). However, male and female rats exposed intermittently for 13 days or

13 weeks to < 8,000 ppm had no gross or microscopic lesions in the lungs (Dodd and Kintigh 1989). Rats
exposed intermittently for 13 weeks to 1,000 ppm MTBE had significant reductions in absolute and
relative lung weights (Greenough et al. 1980). This appears to be a nonspecific effect; gross necropsy of
the respiratory tract of males and females exposed to 250-1,000 ppm revealed froth in the airways,
congestion of the lung tissues, and small grey foci over the lungs, but these changes were not sex- or doserelated. Rats of
both sexes exposed intermittently for 14-19 weeks to concentrations < 8,000 MTBE

showed no treatment-related lesions in the gross examination or in the histological evaluation of the upper
and lower respiratory tract (Neeper-Bradley 1991). In chronic-duration inhalation studies in rats (Chun et
al. 1992) and mice (Burleigh-Flayer et al. 1992) exposed intermittently to 400, 3,000, or 8,000 ppm
MTBE, gross and histological examination of lungs, nasopharynx, trachea, and larynx revealed no

treatment-related lesions.

Cardiovascular Effects. No studies were located regarding cardiovascular effects in humans after

inhalation exposure to MTBE.

MTBE does not appear to have adverse effects on the cardiovascular system of rats. No treatment-related
gross or histopathological lesions in the heart were found in rats exposed intermittently for 9 days to
< 3,000 ppm (Biodynamics 1981) or for 13 weeks to < 1,000 ppm (Greenough et al. 1980) or < 8,000 ppm

(Dodd and Kintigh 1989). Similarly, histological examination of the aorta revealed no treatment-related
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lesions following 13 weeks exposure to < 1,000 ppm MTBE (Greenough et al. 1980). In chronic-duration
inhalation studies in rats (Chun et al. 1992) and mice (Burleigh-Flayer et al. 1992) exposed intermittently

to 400, 3,000, or 8,000 ppm MTBE, gross and histological examination of the heart revealed no treatment-related lesions.

Gastrointestinal Effects. Nausea or vomiting were among the symptoms reported by motorists or
gas station workers during oxygenated fuel programs in which MTBE had been added to gasoline to
reduce carbon monoxide emissions. Since these symptoms may be related to the neurological symptoms,
the gastrointestinal symptoms are also discussed in Section 2.2.1.4. In a preliminary investigation 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, Alaska, nausea or vomiting was
reported by 3 of 4 (75%) taxi drivers, 9 of 26 (35%) health-care workers, and 6 of 15 (40%) students who
met the case definition (4 of 12 taxi drivers, 26 of 90 health-care workers, and 15 of 101 students) (Beller
and Middaugh 1992). In the preliminary investigation in Anchorage, Alaska,, nausea or vomiting was
reported by 5 of 12 (42%) taxi drivers and 9 of 36 (25%) health-care workers who met the case definition
(12 of 25 taxi drivers and 36 of 137 health-care workers) (Chandler and Middaugh 1992).

In the more definitive CDC study in Fairbanks, Alaska, the frequency of nausea or vomiting in the Phase I
subjects, when the oxyfuel program was in full effect, was 6 of 18 in occupationally exposed workers
(CDC 1993a; Moolenaar et al. 1994). In the Phase II subjects, after the oxyfuel program was terminated,
the frequency of nausea or vomiting was 1 of 28. In the CDC study in Stamford, Connecticut, when the
oxyfuel program was in full effect (no Phase II in Stamford), nausea or vomiting was reported by 1 of 48
(2.1%) mechanics and gas station attendants, 0 of 57 (0%) professional drivers, I of 12 (8.3%) in “other”
workers, and 0 of 59 (0%) commuters (CDC 1993b; White et al. 1995).

In the telephone interview survey conducted in metropolitan Milwaukee, Wisconsin and in metropolitan
Chicago, Illinois (where the use of reformulated gasoline was required in both of these areas) and in the
rest of Wisconsin exclusive of metropolitan Milwaukee (where the use of reformulated gasoline was not
required), the prevalence of nausea associated with MTBE exposure was statistically higher in Milwaukee
than in either Chicago or Wisconsin; prevalence was not different between Chicago and Wisconsin for any
symptom (Anderson et al. 1995). As discussed under Respiratory Effects in Section 2.2.1.2, these results
suggest that factors other than reformulated gasoline use, such as knowledge about reformulated gasoline
and the likely awareness of potential negative effects, significantly contributed to the differences in

symptom prevalence between Milwaukee and the other two areas.
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In a cross-sectional cohort study of self-reported symptoms of garage workers in the state of New Jersey
exposed to high (115 workers in northern New Jersey during the winferfime oxyfuel program) and low
(122 workers in southern New Jersey 10 weeks after the phase-out date for oxyfuel program) MTBE
concentration environments, the results of the questionnaire regarding nausea over the last 30 days
indicated that southern New Jersey workers experienced nausea (35%) more often than the northern New

Jersey workers (27%) (p=0.03) (Mohr et al. 1994).

In the study conducted in Albany, New York, the proportion of subjects who reported nausea was 2 of 34
(6%) in Group 1 (automobile repair shop workers and service station attendants), 3 of 48 (6%) in Group 2
(policemen, toll booth workers, and parking garage attendants), and 14 of 182 (8%) in Group 3 (office
workers and college students) (CDC 1993¢). Key symptoms were slightly more prevalent and the
presence of 2 or more key symptoms was 2-3 times more prevalent in Groups 2 and 3 than in Group 1, but
the increases were not statistically significant. Thus, no increase in health complaints among people with

higher gasoline exposures was detected.

In the study conducted to determine whether symptoms associated with MTBE were reported at an
increased rate among subjects known to be sensitive to chemicals and in situations where exposure to
MTBE was likely to be greatest, the symptoms of interest included gastrointestinal upset (Fiedler et al.
1994). As discussed in the Respiratory Effects category in Section 2.2.1.2, although multiple chemical
sensitivity subjects and chronic fatigue syndrome subjects reported more symptoms than normal controls
in some situations, no significant differences were found among the groups for driving a car or visiting gas
stations. The authors concluded that the study did not provide clear evidence that an unusually high rate
of symptoms or an increase of symptoms occurred uniquely where MTBE exposure was likely. (See
Respiratory Effects in Section 2.2.1.2 for a more complete discussion of the human studies regarding

protocols, limitations, and conclusions.)

The gastrointestinal tract was not affected in rats exposed to MTBE by inhalation. Intermittent exposure
of rats for 9 days to 3,000 ppm MTBE caused no gross or histological changes of the stomach, duodenum,
jejunum, ileum, colon, or rectum (Biodynamics 1981). Likewise, gastrointestinal tract tissue of rats
exposed intermittently for 13 weeks to 8,000 ppm did not exhibit microscopic lesions (Dodd and Kintigh
1989). Histological examination of the salivary glands, tongue, esophagus, and gastrointestinal tract
revealed no treatment-related lesions in rats exposed intermittently for 13 weeks to 1,000 ppm (Greenough
et al. 1980) or for 14-19 weeks to 8,000 ppm MTBE (Neeper-Bradley 1991). In chronic-duration
inhalation studies in rats (Chun et al. 1992) and mice (Burleigh-Flayer et al. 1992) exposed intermittently
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to 400, 3,000, or 8,000 ppm MTBE, gross and histological examination of the gastrointestinal tract

revealed no treatment-related lesions.

Hematological Effects. No studies were located regarding hematological effects in humans after

inhalation exposure to MTBE.

Rats exposed intermittently for 9 days to < 3,000 ppm MTBE had mean hematological values that were not
significantly different from controls (Biodynamics 1981). Male and female rats exposed intermittently for
13 weeks to 1,000 ppm MTBE exhibited a slight increase in white blood cell counts, while males also
showed a slight but statistically significant increase in hemoglobin levels (Greenough et al. 1980). Both
of these increases were considered of no biological or toxicological significance. All other hematological
parameters were normal. Intermittent exposure of male rats for 13 weeks to 800, 4,000, or 8,000 ppm
MTBE caused mild decreases (2-4%) in erythrocyte count and mean corpuscular hemoglobin
concentration (MCHC) and mild increases (2-5%) in mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), and reticulocytes (Dodd and Kintigh 1989). This exposure also induced a 15%
decrease in the leukocyte count, primarily in the lymphocyte population, in male rats. At the end of the
treatment period, female rats of the 8,000 ppm group had increased hematocrit and segmented neutrophil
count. In chronic-duration inhalation studies in rats (Chun et al. 1992) and mice (Burleigh-Flayer et al.
1992) exposed intermittently to 400, 3,000, or 8,000 ppm MTBE, no treatment-related changes in
hematological parameters were found. In addition, histological examination of the bone marrow revealed

no treatment-related lesions.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans after

inhalation exposure to MTBE.

Gross and histological examination of bone and skeletal muscle of rats revealed no treatment-related
lesions following intermittent exposure to 3,000 ppm MTBE for 9 days (Biodynamics 1981) or to

1,000 ppm for 13 weeks (Greenough et al. 1980). Similarly, an intermittent exposure for 13 weeks to
concentrations < 8,000 ppm MTBE produced no microscopic lesions in bones of treated rats (Dodd and
Kintigh 1989). Intermittent exposure for 2-1 5 weeks to 300 ppm MTBE did not affect muscle succinate
dehydrogenase or acetylcholinesterase activities in rats (Savolainen et al. 1985). Muscle creatine kinase
activity decreased at 2 weeks, returned to normal levels at week 10, and then significantly increased at
I5 weeks in rats exposed to 100 or 300 ppm. These changes in creatine kinase activity were attributed to

adaptation at the muscle level to MTBE exposure and were not considered adverse. In chronic-duration
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inhalation studies in rats (Chun et al.1992) and mice (Burleigh-Flayer et al. 1992) exposed intermittently
to 400, 3,000, or 8,000 ppm MTBE, gross and histological examination of the gastrocnemius muscle
revealed no treatment-related lesions. No treatment-related histopathological lesions were found in the
bone tissue of mice (Burleigh-Flayer et al. 1992); however, fibrous osteodystrophy, which was secondary
to chronic progressive nephropathy, was observed in male rats at all concentrations and in female rats at
3,000 and 8,000 ppm (Chun et al. 1992). 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 a1py,-globulin or another unknown protein unique to male rats.

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

Acute-, intermediate-, or chronic-duration inhalation exposure to MTBE did not produce substantial
hepatic toxicity in rats. Intermittent exposure for 9 days to < 3,000 ppm MTBE had no effect in serum
glutamic-pyruvic transaminase (SGPT), serum glutamic-oxaloacetic transaminase (SGOT), serum alkaline
phosphatase, serum bilirubin, and serum cholesterol (Biodynamics 1981). Relative liver weights were
significantly increased in both sexes of rats exposed to 3,000 ppm MTBE. In addition, exposure of male
and female rats to MTBE intermittently for 13 days resulted in increased relative liver weights in both
sexes at 8,000 ppm (17-24%) and 4,000 ppm (10-1 3%), and increased absolute liver weights in female
rats at 8,000 ppm (21%) and 4,000 ppm (14%), but not in males (Dodd and Kintigh 1989). No changes in
liver weight or gross liver lesions were observed in mated rats exposed to 2,500 ppm intermittently

from day 6-15 of gestation (Conaway et al. 1985). At 8,000 ppm MTBE, liver weight of female rabbits
exposed on gestational days 6-18 was significantly increased (Tyl 1989). This increase probably resulted

from induction of metabolizing enzymes.

In rats exposed intermittently to 3,000 or 8,000 ppm, but not 400 ppm, MTBE for 4-5 weeks, increased
absolute and/or relative liver weights occurred in both sexes (Chun and Kintigh 1993). No clinical or
histological evidence of hepatic toxicity was found. Intermittent exposure of rats for 13 weeks to
800-8,000 ppm MTBE caused an increase in liver weight that was greater in male rats than females (Dodd
and Kintigh 1989). No treatment-related histopathological hepatic lesions were found. In some rats, there
was a decrease in SGOT and SGPT, the toxicological significance of which is unclear. Intermittent
exposure to 1,000 ppm MTBE for 13 weeks caused no histological lesions in rat liver, but caused a slight

increase in serum lactic dehydrogenase levels in male rats and a decrease in females (Greenough et al.
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1980). In a reproductive study, inhalation exposure of rats for 14-19 weeks to MTBE intermittently
resulted in increased liver weight in F; males at >3,000 ppm and in F, females at 8,000 ppm, but no liver

lesions were found (Neeper-Bradley 1991). Liver microsomal uridine diphosphate glucuronosyl

transferase (UDPGT) activity was increased in a dose-related manner in rats exposed to 50, 100, and
300 ppm MTBE for 2 weeks, but not at other times (Savolainen et al. 1985). The biological significance
of this finding is not clear. Exposure to these levels for up to 15 weeks did not affect rat liver microsomal
cytochrome P-450 content or the enzymatic activities of NADP-cytochrome ¢ reductase or
7-ethoxycoumarin 0-deethylase. Although induction of liver microsomal enzymes may be potentially
adverse, other studies (Biodynamics 1981; Burleigh-Flayer et al. 1992; Chun and Kintigh 1993; Chun et
al. 1992; Dodd and Kintigh 1989; Greenough et al. 1980) indicate that mild microscopic hepatic lesions

and increased liver weight due to enzyme induction occur in animals only at much higher exposure levels.

In male and female rats exposed intermittently to 400, 3,000, or 8,000 ppm MTBE for 24 months,
increased absolute and relative liver weights (to both body weight and brain weight) in females were
concentration-related at 3,000 and 8,000 ppm (Chun et al. 1992). However, gross and histological
examination of the liver revealed no treatment-related lesions in females or males at any concentration.
The increase in liver weight was probably due to microsomal enzyme induction, which may be considered

potentially adverse.

MTBE was slightly more toxic to the liver in mice than in rats. While a 10-day exposure of mated female
mice on gestational days 6-15 to 2,500 ppm (Conaway et al. 1985) or 8,000 ppm (Tyl and Neeper-Bradley
1989) MTBE produced no effect on liver weight, increased relative liver weights occurred in both sexes of
mice exposed to 8,000 ppm (13-1 8%) and in females exposed to 4,000 ppm (12%) and 2,000 ppm (13%)
MTBE intermittently for 13 days (Dodd and Kintigh 1989). Absolute liver weights were increased by
16-20% in female mice at all exposure levels. Intermittent exposure of mice to 400, 3,000, or 8,000 ppm
for 28 days also resulted in increased absolute and/or relative liver weight at 3,000 and 8,000 ppm in
female mice and 8,000 ppm in male mice, and increased incidence of centrilobular hepatocellular
hypertrophy in both sexes at 8,000 ppm (Chun and Kintigh 1993). In addition, in male and female mice
exposed to 400, 3,000, or 8,000 ppm for 18 months, increased absolute and relative liver weights (to both
body weight and brain weight) were concentration-related in both sexes at 3,000 and 8,000 ppm (Burleigh-
Flayer et al. 1992). Increased liver weight in mice at 400 ppm was described as minimal. Gross
examination of the livers revealed an increased incidence of liver masses in male and female mice exposed
to 8,000 ppm. Histological examination revealed an increased incidence of hepatocellular hypertrophy in

both sexes at 8,000 ppm and in males at 3,000 ppm.
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In a special experiment for cell proliferation evaluations of hepatocytes, male and female mice were
exposed to these concentrations for 5 or 23 exposures (Chun and Kintigh 1993). Significantly increased
uptake of 5-bromo-2’-deoxyuridine in the nuclei of hepatocytes of female mice, but not male mice, was
found at an exposure level of 8,000 ppm, but not <3,000 ppm, for 5 days. No increase in hepatocellular
proliferation was found when mice were similarly exposed for 23 exposures. These results suggest that
MTBE initially places an increased metabolic demand on liver cells resulting in a compensatory increase

in hepatocellular proliferation that eventually leads to hepatocellular hypertrophy with longer exposure.

Renal Effects. No studies were located regarding renal effects in humans after inhalation exposure to

MTBE.

Acute intermittent exposure for 9 days to concentrations ranging from 100 to 3,000 ppm MTBE produced
no renal toxicity in rats-as indicated by the lack of effect on blood urea nitrogen (BUN) level and
urinalysis and by the absence of gross and histological changes in the kidney and urinary bladder
(Biodynamics 1981). Exposure of male and female rats to MTBE intermittently for 13 days resulted in
increased relative kidney weights in males at 8,000 ppm (14%) and 4,000 ppm (8%) and absolute kidney
weights in females at 8,000 ppm (8%) (Dodd and Kintigh 1989). Inhalation exposure of rats for 13 weeks
to 1,000 ppm MTBE produced no histological changes of the kidneys and urinary bladder, but male rats
exposed to 1,000 ppm exhibited significant increases in BUN (Greenough et al. 1980). No lesions were
observed in the gross or histological examination in kidneys of rats exposed to < 8,000 ppm MTBE for
14-19 weeks (Neeper-Bradley 1991). In another intermediate-duration study, exposure of rats to
concentrations < 8,000 ppm MTBE had no effect on BUN, creatinine, or albumin levels, but concentrations
of >800 ppm produced statistically significant increases in kidney weights that were greater in male than
female rats (Dodd and Kintigh 1989). No histopathological changes in the kidneys were observed, but
male rats exposed to 8,000 ppm had large hyaline droplets in the renal proximal tubules, an effect that may
be specific to male rats. The finding of large hyaline droplets in the renal tubules of male rats suggests,

but not definitively, the involvement of o,,-globulin accumulation. The accumulation of a,,-globulin
complex leads to a nephropathy that is specific for male rats. Male, but not female, rats exposed to

> 800 ppm MTBE for 13 weeks showed a treatment-related increase in area and intensity of ay, -globulin
positive staining (Swenberg and Dietrich 1991). However, the a,, -globulin positive staining was not
dose-related, and ay,,-globulin positive proteinaceous casts at the junction of the proximal tubules and thin

limb of Henle were not observed, unlike the classical lesions of other a;,-globulin inducing agents.
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The possible involvement of a,,-globulin accumulation in MTBE-induced male rat nephropathy has been
specifically examined using immunostaining with an antibody to oy,-globulin (Chun and Kintigh 1993).
In this study, exposure of male and female rats to 400, 3,000, or 8,000 ppm MTBE for 4-5 weeks resulted
in increased protein accumulation and proliferation of epithelial cells in the proximal convoluted tubules
of male rats, but not female rats, at 3,000 and 8,000 ppm. However, no evidence of a,,-globulin
accumulation was found, suggesting that a mechanism other than a a;,-globulin accumulation (perhaps the
accumulation of another protein unique to male rats) may be responsible for the increased cell
proliferation in the epithehal cells of the proximal convoluted tubules. The increased proliferation was
also observed in males rats, but not female rats, after 5 exposures. Increased absolute and relative kidney
weights were observed in male rats at 8,000 ppm and in female rats at >3,000 ppm after exposure for

4-5 weeks. Urinalysis and urine chemistry evaluations revealed increased urine volume and decreased
urinary pH in both sexes at 8,000 ppm, but there was no other indication of renal damage. No renal effects

were observed in mice similarly exposed in this study.

The effect of intermittent inhalation exposure to 50-300 ppm MTBE for 2-15 weeks on rat kidney
microsomal enzymes has been studied (Savolainen et al. 1985). Cytochrome P-450 content was reported
to be significantly increased only after 15 weeks of exposure to 100-300 ppm MTBE, while UDPGT and
NADP-cytochrome ¢ reductase activities were significantly increased only after 2 weeks of exposure. The
enzymatic activity of 2-ethoxycoumarin 0-deethylase was not affected. Although induction of kidney
microsomal enzymes may be potentially adverse, other studies (Biodynamics 1981; Burleigh-Flayer et al.
1992; Chun and Kintigh 1993; Chun et al. 1992; Dodd and Kintigh 1989; Greenough et al. 1980) indicate
that microscopic renal lesions and increased kidney weight due to enzyme induction occur in animals only

at much higher exposure levels.

In rats intermittently exposed to 400, 3,000, or 8,000 ppm MTBE for up to 24 months, increased absolute
kidney weight and kidney weights relative to both body weight and brain weight were concentration- related
in females at 3,000 and 8,000 ppm (Chun et al. 1992). Gross examination of kidneys revealed

evidence of chronic progressive nephropathy in male rats at all concentrations and in female rats at

3,000 and 8,000 ppm. Histological examination revealed increased incidence and severity of chronic
progressive nephropathy, accompanied by fibrous osteodystrophy, hyperplasia in the parathyroid glands,
and mineralization in numerous tissues. Chronic progressive nephropathy is an age-related spontaneous
disorder of rats that is more severe in males than in females. The exacerbation of chronic progressive
nephropathy by MTBE was concentration-related in males at all exposure concentrations and in females at

3,000 and 8,000 ppm. No evidence of renal effects was found in the female rats at 400 ppm. The higher
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incidence and greater severity of chronic progressive nephropathy at lower exposure concentrations in
male rats as compared with female rats is consistent with the known greater susceptibility of male rats
compared with female rats and may be due to the exacerbation of this syndrome by the accumulation of a
unique protein in male rats (a,,-globulin or other unknown protein) induced by MTBE. Thus, the
enhancement of chronic progressive nephropathy in male rats is generally not considered for MRL
derivation. However, since female rats also had enhanced chronic progressive nephropathy, another
mechanism not associated with a,,-globulin or other protein accumulation also appears to be involved.
Therefore, the chronic inhalation MRL of 0.7 ppm was calculated based on the NOAEL of 400 ppm for
kidney effects in female rats as described in the footnote in Table 2-1. The chronic-duration inhalation

NOAEL for renal effects is also a NOAEL for clinical signs of neurotoxicity (see Section 2.2.1.4).

In mice similarly exposed to 400, 3,000, or 8,000 ppm for 18 months, increased absolute and relative
kidney weights (to both body weight and brain weight) were observed in male mice at all exposure
concentrations and in female mice at 8,000 ppm (Burleigh-Flayer et al. 1992). The increase in kidney
weight in males, however, was not concentration-related. Furthermore, gross and histological examination
revealed no treatment-related lesions in the kidneys of mice. A slight increase in the pH of the urine in
male and female mice at 8,000 ppm and a slight increase in the gamma globulin fraction in male mice at
8,000 ppm were found upon urinalysis. Male mice exposed to 8,000 ppm were reported to have increased
mortality and decreased mean survival time due to a slightly increased incidence of obstructive uropathy,

which may have been due to the increases in pH and gamma globulin fraction.

Endocrine Effects. No studies were located regarding endocrine effects in humans after inhalation

exposure to MTBE.

Acute intermittent exposure of rats to 100-3,000 ppm MTBE for 9 days produced no treatment-related
lesions in the adrenals, pancreas, and thyroid/parathyroid glands (Biodynamics 1981). No treatment-related
changes in adrenal weights were found. However, exposure of male and female rats to MTBE
intermittently for 13 days resulted in increased relative and absolute adrenal weights in both sexes at

8,000 ppm, but histological examination of the adrenal glands was not performed (Dodd and Kintigh
1989). In mice exposed to <8,000 ppm MTBE for 28 days, no effects on thyroid weight and no
histopathological lesions of the thyroid were found (Chun and Kintigh 1993). Special blood chemistry
evaluation of total T3, total T4, thyroid stimulating hormone (TSH), total bile acid, and estradiol revealed
that an increase in total T4 and TSH occurred in male mice at 8,000 ppm. However, these increases were

not considered to be biologically significant due to the absence of histological evidence of thyroid lesions.
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Decreases in total T4 were found in female mice in the special hepatic cell proliferation studies (see
Hepatic Effects above), but net in the main study; therefore, the decrease in T4 was not considered
exposure-related. Adrenal weights were significantly increased in male rats exposed to 8,000 ppm and in
female rats exposed to 3,000 and 8,000 ppm for 4-5 weeks, but the adrenal glands were not examined
histologically (Chun and Kintigh 1993). Although longer exposure (13 weeks) to high concentrations
ranging from 800 to 8,000 ppm MTBE had no effect on serum aldosterone or adrenocorticotropic hormone
levels in rats, there was an increase in corticosterone level at 8,000 ppm MTBE (Dodd and Kintigh 1989).
Exposure to concentrations of 4,000 or 8,000 ppm MTBE produced increases in adrenal weight that were
greater in male rats than females. No histopathological changes resulted from this treatment in the
adrenals, pancreas, or pituitary glands. These results are in agreement with other intermediate-duration
intermittent exposures of rats. In rats exposed to < 1,000 ppm MTBE, no treatment-related lesions were
found in the pancreas, thyroid, parathyroid, adrenal, or pituitary (Greenough et al. 1980). Similarly, no
exposure-related gross or microscopic lesions in the pancreas or pituitary were found in parental Fy and F,
rats following exposure for 10 weeks prior to breeding to < 8,000 ppm for 5 days per week and through day
19 of gestation (Neeper-Bradley 1991).

In a 24-month study in which rats were exposed intermittently to 400, 3,000, or 8,000 ppm, decreased
levels of corticosterone were found at 81 weeks in male rats exposed to 8,000 ppm (Chun et al. 1992).
This group was terminated at week 82 because of high mortality from chronic progressive nephropathy.
Hyperplasia of the parathyroid gland, which was secondary to chronic progressive nephropathy, was found
in male rats at all exposure concentrations and in female rats at 3,000 and 8,000 ppm. No treatment-related
histopathological lesions were found in the pituitary, adrenal gland, or pancreas. In mice similarly
exposed to the same concentrations for 18 months, no treatment-related histopathological lesions were
found in the pituitary, thyroid/parathyroid, or pancreas (Burleigh-Flayer et al. 1992). Adrenal gland
weights were increased in high dose males, but were not accompanied by histopathological lesions.
However, corticosterone levels were increased at week 79 in both sexes exposed to 8,000 ppm. The
toxicological significance of these transient and inconsistent changes in corticosterone levels in rats and

mice is questionable.

Dermal Effects. In two experimental studies in which human subjects were exposed to MTBE vapors
for 1 hour at 1.7 ppm (Cain et al. 1994) or 1.39 ppm (Prah et al. 1994), no evidence was found that
exposure to MTBE vapors resulted in skin rash or dry skin. Rats and mice have been examined for dermal
effects after exposure to MTBE vapors in air (Biles et al. 1987; Burleigh-Flayer et al. 1992; Chun et al.
1992; Dodd and Kintigh 1989; Greenough et al. 1980). Since any dermal effects in these studies in
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humans and animals would probably be due to direct contact of the skin with the vapor, these studies are

discussed more fully in Section 2.2.3.2.

Ocular Effects. Eye irritation was among the symptoms reported by motorists or gas station workers
during oxygenated fuel programs in which MTBE had been added to gasoline to reduce carbon monoxide
emissions. Several survey studies in humans (Anderson et al. 1995; Belier and Middaugh 1992; CDC
1993a, 1993b, 1993¢; Chandler and Middaugh 1992; Mohr et al. 1994; Moolenaar et al. 1994; White et al.
1995) and experimental studies in humans (Cain et al. 1994; Prah et al. 1994) have investigated whether
the eye irritation was specifically associated with exposure to MTBE vapor in air. In addition, rats and
mice have been examined for ocular effects following exposure to MTBE vapors in air (ARCO 1980; Biles
et al. 1987; Biodynamics 1981; Burleigh-Flayer et al. 1992; Chun et al. 1992; Conaway et al. 1985; Dodd
and Kintigh 1989; Greenough et al. 1980; Neeper-Bradley 1991; Tyl and Neeper-Bradley 1989). Since

any ocular effects in these studies in humans and animals would probably be due to direct contact of the

eyes with the vapor, these studies are discussed in Section 2.2.3.2.

Body Weight Effects. No studies were located regarding body weight effects in humans after

inhalation exposure to MTBE.

A single exposure of rats to < 8,000 ppm for 6 hours had no effect on body weight (Gill 1989). Acute
exposure of rats intermittently for 9 days to < 3,000 ppm MTBE (Biodynamics 1981) or to < 2,500 ppm for
10 days during gestational days 6-15 did not affect body weight (Conaway et al. 1985). In contrast, in rats
exposed intermittently to 800, 4,000, or 8,000 ppm for 5 days, an unspecified weight loss in males and an
unspecified decrease in body weight gain in females occurred at 8,000 ppm (Vergnes and Morabit 1989).
Male rats of the 800 and 4,000 ppm groups had marginally depressed body weight gains during the
exposure regimen. Similarly, a decrease in body weight gain of 65-66% occurred in male rats during the
first 1-3 and 1-14 days of exposure to 4,000 and 8,000 ppm, respectively, and a 36% decrease in body
weight gain occurred in female rats during the first 1-7 days of exposure to 8,000 ppm in a preliminary
13-day range-finding study for a 13-week study (Dodd and Kintigh 1989). In the 13-week study, transient
decreases in body weight or body weight gain occurred during the first few weeks, accompanied by
reduced food consumption, in the rats exposed to 4,000 or 8,000 ppm, but both body weight and food
consumption recovered thereafter. Thus, compared with controls, final body weights were only 6% lower
in male rats and 3% lower in female rats exposed to 8,000 ppm. The initial depressions in body weight
were, therefore, probably due to the reduced food consumption, which in turn may have been secondary to

the reduced motor activity of the 4,000 ppm and 8,000 ppm groups (Dodd and Kintigh 1989). In a
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4-5-week study in rats, a 2% loss of body weight was observed in male rats exposed to 8,000 ppm during
the first week, and decreased body weight gain occurred throughout the study in male rats exposed to
8,000 ppm, with a decreased body weight gain as high as 49% from exposure days 1-12 (Chun and
Kintigh 1993). Similarly, decreased body weight gain (24%) occurred in female rats exposed to

8,000 ppm, but only during the first 2 weeks. Exposure of mated rabbits to > 4,000 ppm (Tyl 1989) and
mated mice to 8,000 ppm (Tyl and Neeper-Bradley 1989) during gestation decreased body weight of the
dams, and there was a reduction in food consumption. However, exposure of mice for 10 days during
gestation to < 2,500 ppm MTBE did not affect the dams’ body weight (Conaway et al. 1985). Similarly,
intermittent exposure of mice to < 8,000 ppm for 1 or 2 days (Vergnes and Kintigh 1993) for 13 days
(Dodd and Kintigh 1989), or for 28 days (Chun and Kintigh 1993) had no effect on body weight. In
intermediate-duration studies, no effects on body weight were found in rats exposed to 300-2,500 ppm

(Biles et al. 1987; Greenough et al. 1980; Savolainen et al. 1985). However, male rats exposed to
8,000 ppm for 14-19 weeks had a 10.3% reduction in body weight gain (Neeper-Bradley 1991).

In a 24-month inhalation study in rats intermittently exposed to 400, 3,000, or 8,000 ppm MTBE, both
male and female rats had decreased absolute body weight and decreased body weight gain at 8,000 ppm
(Chun et al. 1992). In mice similarly exposed to the same concentrations for 18 months, slightly decreased
absolute body weight and decreased body weight gain were observed in both sexes at 8,000 ppm
(Burleigh-Flayer et al. 1992).

2.2.1.3 Immunological and Lymphoreticular Effects

Effects on the immune system were measured by monitoring plasma interleukin-6 levels in 22 volunteers
exposed to auto emissions derived from oxyfuels during a 4-week period in late November and early
December 1992 at several different locations around Fairbanks, Alaska (Duffy 1994). Blood samples were
collected at the beginning of work shifts and the end of the workday and analyzed for interleukin-6 by an
immunochemical assay. No differences in interleukin-6 levels were found between the morning and

evening blood samples.

In the experimental double-blind study in humans exposed sequentially to 1.7 ppm MTBE for 1 hour on

1 day, to uncontaminated air for 1 hour 2 days later, and to 7.1 ppm of a 17-component mixture of VOCs
for 1 hour 2 days later (or the reverse sequence) (see Respiratory Effects in Section 2.2.1.2), nasal lavage
material and tear fluid from the eyes were stained for the total numbers of cells and differential counts for

polymorphonuclear neutrophilic leukocytes, epithelial cells, monocytes, eosinophils, and lymphocytes
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(Cain et al. 1994). No notable changes between pre- and postexposure values were observed for exposure

to MTBE or air.

Acute intermittent exposure of rats for 9 days to < 3,000 ppm MTBE did not produce gross or histological
lesions in bone marrow, lymph nodes, or spleen (Biodynamics 1981). Similar results were obtained for
lymph nodes of rats after exposure for 13 days to < 8,000 ppm MTBE (Dodd and Kintigh 1989). In rats
and mice exposed to 400, 3,000 or 8,000 ppm for < 28 days, decreased absolute and relative spleen weights
were found in both sexes of rats and in female mice, but not in male mice, at 8,000 ppm, but spleens were
not examined histologically (Chun and Kintigh 1993). In some studies in which rats were exposed for

13 weeks to 1,000 ppm (Greenough et al. 1980) or for 14-19 weeks to 8,000 ppm (Neeper-Bradley 1991),
MTBE did not cause treatment-related gross or histopathological lesions in the spleen, thymus, or lymph
nodes (Greenough et al. 1980; Neeper-Bradley 1991); in another study, however, exposure for 13 weeks to
8,000 ppm of MTBE resulted in a higher incidence of lymphoid hyperplasia in submandibular lymph
nodes in male rats (Dodd and Kintigh 1989).

In rats exposed to 400, 3,000, or 8,000 ppm for 24 months, gross and histological examination revealed no
treatment-related lesions in the spleen, lymph nodes, thymus, or bone marrow (Chun et al. 1992). In mice
exposed to 400, 3,000, or 8,000 ppm for 18 months, absolute spleen weights were decreased in male and
female mice at 8,000 ppm, but no treatment-related gross or histopathological lesions accompanied the
decreased spleen weights (Burleigh-Flayer et al. 1992). Furthermore, no treatment-related lesions were

found in the lymph nodes, thymus, or bone marrow.

The highest NOAEL values for acute-, intermediate-, and chronic-duration inhalation exposure to MTBE
for immunological and lymphoreticular effects in rats and mice and the LOAEL for lymphoid hyperplasia
in rats after intermediate-duration inhalation exposure to MTBE are recorded in Table 2-1 and plotted in

Figure 2- 1.

2.2.1.4 Neurological Effects

Headache, nausea or vomiting, dizziness, and a feeling of spaciness or disorientation were among the
symptoms reported by motorists or gas station workers during oxygenated fuel programs in which MTBE
had been added to gasoline to reduce carbon monoxide emissions. In the preliminary investigation 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, Alaska, headache was reported by
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3 of 4 (75%) taxi drivers, 21 of 26 (81%) health-care workers, and 10 of 15 (67%) students who met the
case definition (4 of 12 taxi drivers, 26 of 90 health-care workers, and 15 of 101 students) (Beller and
Middaugh 1992). Nausea or vomiting was reported by 3 of 4 (75%) taxi drivers, 9 of 26 (35%) health-care
workers, and 6 of 15 (40%) students, and spaciness was reported by 1 of 4 (25%) taxi drivers, 1 of 26 (4%)
health-care worker, and 2 of 15 ( 13%) students who met the case definition. In the preliminary
investigation in Anchorage, Alaska, headache was reported by 11 of 12 (92%) taxi drivers and 31 of 36
(86%) health-care workers who met the case definition (12 of 25 taxi drivers and 36 of 137 health-care
workers) (Chandler and Middaugh 1992). Nausea or vomiting was reported by 5 of 12 (42%) taxi drivers
and 9 of 36 (25%) health-care workers, dizziness was reported by 4 of 12 (33%) taxi drivers and 7 of 36
(19%) health-care workers, and spaciness was reported by 4 of 12 (75%) taxi drivers and 3 of 36 (8%) of
health-care workers. As discussed in the Respiratory Effects in Section 2.2.1.2, these investigations do not

provide definitive evidence that these symptoms were due to the oxyfuel programs.

In the more definitive CDC study in Fairbanks, Alaska, the frequency of headache in the Phase I subjects,
when the oxyfuel program was in full effect, was 13 of 18 in occupationally exposed workers (CDC
1993a; Moolenaar et al. 1994). Nausea or vomiting was reported by 6 of 18, dizziness by 8 of 18, and
spaciness by 6 of 18 workers. In the Phase II subjects, after the oxyfuel program was terminated, the
frequency of headache was 1 of 28, of nausea or vomiting was 1 of 28, of dizziness was 0 of 18, and of
spaciness was 0 of 18. In the CDC study in Stamford, Connecticut, when the oxyfuel program was in full
effect (no Phase II in Stamford), headache was reported by 13 of 48 (27.1%) at least once, 12 of 48 (25%)
at least twice, and 4 of 48 (8.3%) at least 5 times in mechanics and gas station attendants; by 15 of 57
(26.3%) at least once, 12 of 57 (21.1%) at least twice, and 5 of 57 (8.8%) at least 5 times in professional
drivers; by 5 of 12 (41.7%) at least once, 5 of 12 (41.7%) at least twice, and 1 of 12 (8.3%) at least 5 times
in “other” workers; and by 15 of 59 (25.4%) at least once, 14 of 59 (23.7%) at least twice, and 3 of 59
(5.1%) at least 5 times in commuters (CDC 1993b; White et al. 1995). Nausea or vomiting was reported
by 1 of 48 (2.1%) mechanics and gas station attendants, 0 of 57 (0%) professional drivers, 1 of 12 (8.3%)
“other” workers, and 0 of 59 (0%) commuters. Dizziness was reported by 3 of 48 (6.3%) mechanics and
gas station attendants, 3 of 57 (5.3%) professional drivers, 2 of 12 (16.7%) “other” workers, and 1 of 59
(1.7%) commuters. Spaciness was reported by 5 of 48 (10.4%) mechanics and gas station attendants, 1 of

57 (1.8%) professional drivers, 1 of 12 (8.3%) “other” workers, and 2 of 59 (3.4%) commuters.

In the cross-sectional cohort study of self-reported symptoms of garage workers in the state of New Jersey
exposed to high (115 workers in northern New Jersey during the wintertime oxyfuel program) and low

(122 workers in southern New Jersey 10 weeks after the phase-out date for oxyfuel program) MTBE
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concentration environments, the results of the questionnaire regarding headache (36% of northern workers,
39% of southern workers, p=0.82), lightheadedness (10% of northern workers, 13% of southern workers,
p=0.4 1), sleepiness while driving (20% of northern workers, 24% of southern workers, p=0.37), daytime
sleepiness (13% of northern workers, 24% of southern workers, p=0.001), and nausea (27% of northern
workers, 35% of southern workers, p=0.03) over the last 30 days showed either no significant differences

or a greater prevalence in southern workers (Mohr et al. 1994).

In the study conducted in Albany, New York, the proportion of subjects who reported headache was 7 of
34 (21%) in Group 1 (automobile repair shop workers and service station attendants), 23 of 48 (47%) in
Group 2 (police officers, toll booth workers, and parking garage attendants), and 44 of 182 (24%) in
Group 3 (office workers and college students) (CDC 1993c). The proportion of subjects who reported
dizziness was 3 of 34 (9%) in Group 1, 6 of 48 (13%) in Group 2, and 5 of 182 (3%) in Group 3. The
proportion of subjects who reported spaciness was 0 of 34 (0%) in Group 1, 2 of 48 (4%) in Group 2, and
13 of 182 (7%) in Group 3. Nausea was reported by 2 of 34 (6%) Group 1 subjects, 3 of 48 (6%) Group 2
subjects, and 14 of 182 (8%) Group 3 subjects. Key symptoms were slightly more prevalent and the
presence of two or more key symptoms was 2-3 times more prevalent in Groups 2 and 3 than in Group 1,
but the increases were not statistically significant. Thus, no increase in health complaints among people

with higher gasoline exposures was detected.

A telephone interview survey was conducted in metropolitan Milwaukee, Wisconsin, metropolitan
Chicago, Illinois (use of reformulated gasoline was required in both of these areas), and in the rest of
Wisconsin exclusive of metropolitan Milwaukee (where the use of reformulated gasoline was not
required). Prevalence of headache, dizziness, and spaciness associated with MTBE exposure was
statistically higher in Milwaukee than in either Chicago or Wisconsin; prevalence was not different
between Chicago and Wisconsin for any symptom (Anderson et al. 1995). As discussed in the Respiratory
Effects in Section 2.2.1.2, these results suggest that factors other than reformulated gasoline use, such as
knowledge about reformulated gasoline and the likely awareness of potential negative effects,
significantly contributed to the differences in symptom prevalence between Milwaukee and the other two

areas.

In the study conducted to determine whether symptoms associated with MTBE were reported at an
increased rate among subjects known to be sensitive to chemicals and in situations where exposure to
MTBE was likely to be greatest, the symptoms of interest included headache, dizziness, nausea,

sleepiness, spaciness, and disorientation (Fiedler et al. 1994). Although multiple chemical sensitivity
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subjects and chronic fatigue syndrome subjects reported more symptoms than normal controls in some
situations, no significant differences were found among the groups for driving a car or visiting gas
stations. The authors concluded that the study did not provide clear evidence to support that an unusually

high rate of symptoms or an increase of symptoms occurred uniquely where MTBE exposure was likely.

In the experimental double-blind study in humans exposed sequentially to 1.7 ppm MTBE for 1 hour on

1 day, to uncontaminated air for 1 hour 2 days later, and to 7.1 ppm of a 17-component mixture of VOCs
for 1 hour 2 days later (or the reverse sequence), neurobehavioral tests evaluating symbol-digit
substitution, switching attention, and a profile of mood state (POMS) were administered at 1 hour before
exposure and during the last 15 minutes of exposure (Cain et al. 1994). In addition, the subjects were
administered questionnaires regarding subjective symptoms of headache; difficulty remembering things or
concentrating; feelings of depression; unusual tiredness, fatigue or drowsiness; tension, irritability, or
nervousness; dizziness or lightheadedness; mental fatigue or “fuzziness;” and pain or numbness in the
hands or wrists. Results of statistical analysis of variance in the neurobehavioral tests revealed no
differential effects across the three conditions of exposure to MTBE, air, or VOCs. No differences in
reporting of symptoms were noted for exposure to MTBE versus exposure to air. In a similar study,

19 healthy men and 18 healthy women were exposed for 1 hour to clean air and 1.39 ppm MTBE in
separate sessions separated by at least 1 week (Prah et al. 1994). The order of exposure was randomly
selected, but because of the odor of MTBE, it is likely that the subjects were aware of the exposure
conditions. Analysis of the results of the questionnaires administered prior to exposure, immediately upon
entering the exposure chamber, after 30 minutes of exposure, and during the last 5 minutes of exposure
revealed no differences for headache, difficulty in memory or concentration, depressed feelings, unusual
tiredness, fatigue, drowsiness, tension, irritability, nervousness, dizziness, lightheadedness, mental fatigue,
“fuzziness,” or pain, stiffness, or numbness of the back, shoulders, neck, hands, or wrists. Specific
neurobehavioral evaluation system tests, which consisted of symbol-digit substitution, switching attention,
and mood scales, were completed as baseline before entering the chamber and after 45 minutes of
exposure. No measures approached significance. (See Respiratory Effects in Section 2.2.1.2 for a more

complete discussion of the human studies regarding protocols, limitations, and conclusions.)

Acute inhalation exposure of laboratory animals to MTBE results in neurological deficits. Rats exposed to
19,62 1 ppm ARCO MTBE (96.2% MTBE) exhibited lacrimation within 3 minutes of exposure (ARCO
1980). After 4 hours of exposure, these animals developed ataxia, loss of righting reflex, hyperpnea,
incoordination, and prostration. Similar effects were observed when the rats were exposed to 18,892 ppm

of commercial MTBE (99.1 % MTBE). Similarly, in rats exposed to 400 or 8,000 ppm MTBE for 6 hours,
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ataxia occurred within 0.5 hours and drowsiness occurred within 1.5 hours (Bioresearch Labs 1990d). In
rats exposed intermittently to 4,000 or 8,000 ppm for 5 days, ataxia was noted at 8,000 ppm (Vergnes and
Morabit 1989). In addition, clinical signs of neurotoxicity were observed in mice exposed intermittently
for 2 days at 3,000 ppm (hypoactivity and lack of startle response) and at 8,000 ppm (hypoactivity,
abdominal breathing, ataxia, and prostration) (Vergnes and Chun 1994).

In rats studied for motor activity and given a functional observation battery of tests after a 6-hour exposure

to 800, 4,000, or 8,000 ppm, concentration-related increases in incidence and severity of ataxia and duck- walk gait
occurred in both males and females at 4,000 and 8,000 ppm (Gill 1989). Other effects noted in

high-dose males included labored respiration pattern, decreased muscle tone, decreased performance on a

treadmill, and increased hind limb splay. Other effects noted in females included decreased hind limb grip

strength at > 4,000 ppm and labored respiration and increased latency to rotate on the inclined screen at

8,000 ppm. These effects were seen at 1 hour after exposure, but not at 6 or 24 hours after exposure,

indicating the transient nature. The time course of changes in motor activity corresponded with the

functional observation battery findings, and supported the exposure-related central nervous system

depression. No neurological effects were observed at 800 ppm for 6 hours. Based on this NOAEL, an

acute-duration inhalation MRL of 2 ppm was calculated as described in the footnote in Table 2-1.

In a preliminary 13-day range-finding study for a 13-week study, rats exposed to 4,000 and 8,000 ppm
MTBE exhibited hypoactivity and ataxia as well as decreased startle and pain reflexes, and decreased
muscle tone (Dodd and Kintigh 1989). The 2,000 ppm level also resulted in hypoactivity. Concentrations
of 2,000 or 4,000 ppm did not produce neurobehavioral changes. In the 13-week study, hypoactivity was
observed at 4,000 ppm and hypoactivity and ataxia were observed at 8,000 ppm daily after the 6 hour/day
exposure, thus representing effects of acute exposure. Similarly, when rats and mice were exposed to
MTBE at concentrations of 400, 3,000, and 8,000 ppm 6 hours per day, 5 days per week for < 28 days,
ataxia, hypoactivity, and lack of startle response were observed at > 3,000 ppm during daily exposures
(Chun and Kintigh 1993). The rats also showed blepharospasm. Exposure for 9 days to < 3,000 ppm
showed no treatment-related lesions in rat brains (Biodynamics 1981). While no clinical signs were
observed in mice exposed to < 8,000 ppm for 1 or 2 days (Vergnes and Kintigh 1993), in a 13-day study in
mice, hypoactivity and ataxia occurred at 4,000 and 8,000 ppm during exposure, but only ataxia occurred
following exposure in the 8,000 ppm group (Dodd and Kintigh 1989). Hypoactivity was also observed in
the 2,000 ppm group during exposures on days 2 and 3, and prostration occurred in 2 of 5 females during
exposure to 8,000 ppm on day 9. Also, mice exposed to 4,000 and 8,000 ppm MTBE on gestational days
6-15 exhibited hypoactivity and ataxia (Tyl and Neeper-Bradley 1989). Mice also became prostrate at
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8,000 ppm. Similar signs of toxicity were observed in rabbits exposed to < 8,000 ppm MTBE for 13 days
during gestation (Tyl 1989).

In a 13-week intermediate-duration study, MTBE induced anesthesia in rats exposed intermittently to
250-1,000 ppm (Greenough et al. 1980), but the lowest concentration resulting in anesthesia was not
specified. In these animals, MTBE did not result in histopathologic lesions in the brain or the sciatic
nerve. In another 13-week study in rats, exposure to < 8,000 ppm did not affect relative brain weights and
did not produce microscopic changes, but decreased hindlimb grip strength occurred in males exposed to
4,000 ppm at 1, 2,4, 8, and 13 weeks; decreased motor activity occurred in males exposed to 8,000 ppm at
week 8; and increased motor activity occurred in females exposed to 800 and 4,000 ppm at week 8 and at
4,000 ppm at week 13 (Dodd and Kintigh 1989). Exposure of male and female rats for 10 weeks prior to
mating and through day 19 of gestation to the concentration of 8,000 ppm MTBE resulted in salivation
and hypoactivity in Fy and F, parental rats (Neeper-Bradley 1991). F; and F, parental groups also showed
hypoactivity and lack of startle response, as well as blepharospasm, at 3,000 ppm. A concentration of
400 ppm did not produce any effects. Based on the NOAEL of 400 ppm, an intermediate-duration
inhalation MRL of 0.7 ppm was calculated as described in the footnote in Table 2- 1. Neither rat brain
succinate dehydrogenase nor acetylcholinesterase activity was affected by exposure for 15 weeks to

50-300 ppm MTBE (Savolainen et al. 1985).

In chronic-duration studies in which rats (Chun et al. 1992) and mice (Burleigh-Flayer et al. 1992) were

intermittently exposed to 400, 3,000, or 8,000 ppm MTBE, clinical signs of neurotoxicity were observed at

3,000 and/or 8,000 ppm in males and/or females. These signs consisted of blepharospasm, hypoactivity,

ataxia, lack of startle reflex, salivation (rats), stereotypy (mice), and prostration (mice). Gross and

histological examination of the brains, spinal cords, and sciatic nerves, however, revealed no treatment- related lesions

in either species at any concentration.

The highest NOAEL values and all LOAEL values for each reliable study for neurological effects in each

species and duration category are recorded in Table 2-1 and plotted in Figure 2- 1.
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2.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after inhalation exposure to MTBE.

Acute exposure to MTBE did not produce reproductive toxicity in experimental animals. Exposure of rats
for 9 days to < 3,000 ppm MTBE did not result in gross or histological changes in the reproductive system
of males or females (Biodynamics 1981). Also, studies on the potential developmental effects of MTBE
showed no effects on the dams or the fetuses. Exposure of rats or mice for 10 days during gestation to

< 2,500 ppm MTBE did not adversely affect the mean number of corpora lutea, uterine implantations,
resorptions, or live fetuses (Conaway et al. 1985). Also, exposure of rabbits for 13 days (Tyl 1989) or
mice for 10 days (Tyl and Neeper-Bradley 1989) to < 8,000 ppm MTBE during gestation did not cause
gross lesions in the reproductive tract of the dams. This treatment did not affect the number of ovarian
corpora lutea, number of total, nonviable, or viable implantations, proportion of pre- or postimplantation
loss, fetal body weight, or sex ratio. Only gravid uterine weights were decreased in both species of dams
exposed to 8,000 ppm. Exposure of male mice for 13 days at < 8,000 ppm MTBE neither produced

microscopic lesions in testes, nor did it cause changes in testicular weight (Dodd and Kintigh 1989).

A study on the effect of long-term exposure (16-28 weeks) to 250-2,500 ppm MTBE on fertility,
reproductive systems, performance of male and female rats, and the development of offspring revealed that
MTBE had no structural effect on the reproductive system or effect on reproductive performance of male
and female rats (Biles et al. 1987). MTBE did not produce microscopic lesions in the prostate, testes,
uterus, ovaries, or mammary tissues of rats exposed to < 8,000 ppm for 13 weeks (Dodd and Kintigh 1989;
Greenough et al. 1980). A reproductive study was carried out in rats exposed to < 8,000 ppm MTBE for
14-19 weeks including 10 weeks prebreeding period, 1-3 weeks breeding period, 3 weeks gestational
period, and for females, 3 weeks postnatal period (Neeper-Bradley 1991). This treatment had no effect on
Fy and F, reproductive parameters including gestational length and mating, fertility, and gestational
indices. No histological lesions were seen in the vagina, uterus, ovaries, testes, epididymis, seminal

vesicles, or prostate.

In chronic-duration studies, in which male and female rats (Chun et al. 1992) and male and female mice
(Burleigh-Flayer et al. 1992) were intermittently exposed to 400, 3,000, or 8,000 ppm MTBE, gross and
histological examination of reproductive organs (testes, epididymides, prostate, seminal vesicles, ovaries,

vagina, uterus, fallopian tubes, mammary glands) revealed no treatment-related lesions.
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The highest NOAEL values and all LOAEL values from each reliable study for reproductive effects in

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

2.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans after inhalation exposure to MTBE.
MTBE did not cause adverse developmental effects in rats and rabbits. Exposure of female rats during
days 6-15 of gestation to < 2,500 ppm MTBE had no effect on percentage of resorption, percentage of live
fetuses, mean fetal weights, crown-rump distances, incidence of external malformations, or the incidence
of fetal soft-tissue and fetal skeletal malformations (Conaway et al. 1985). Similarly, exposure of rabbits
during gestational days 6-18 to < 8,000 ppm did not change the number of total nonviable fetuses (such as
early or late resorptions or dead fetuses), viable implantations, percentage of pre- or postimplantation loss,
fetal body weight, or sex ratio (Tyl 1989). This treatment did not increase the incidence of fetal

malformations.

MTBE has been found to produce dose-dependent developmental effects in mice. Exposure for

10 gestational days to 250-2,500 ppm MTBE had no effects on percentage of resorption, percentage of
live fetuses, mean fetal weights, crown-rump distances, incidence of external malformations, or the
incidence of fetal soft-tissue malformations (Conaway et al. 1985). In this study, a slight but not
statistically significant increase in fused sternebrae was observed in the offspring of all exposed groups,
while no fused sternebrae were present in controls. Thus, while no treatment-related developmental
effects were found in mice at < 2,500 ppm (Conaway et al. 1985), exposure of mice to a higher
concentration (8,000 ppm) of MTBE resulted in the following developmental effects: increased number of
nonviable implantations per litter; increased late resorption; and reduced number of viable implantations,
sex ratio (% male fetuses), and fetal body weight (Tyl and Neeper-Bradley 1989). Mice exposed to

8,000 ppm MTBE also exhibited a significant increase in the incidence of cleft palate and a significant
reduction in the incidence of partial fetal atelectasis. Skeletal malformations included the following
regions: cervical centra, thoracic centra, caudal centra, skull plates/bones, forepaws, hindpaws, and
sternebrae. At 4,000 ppm, there was an increased incidence of reduced skeletal ossification, and reduced
fetal body weight. Maternal toxicity consisted of reduced maternal body weight, reduced maternal weight
gain, and reduced food consumption at 8,000 ppm and increased incidence of treatment-related clinical
signs of central nervous system depression at 4,000 and 8,000 ppm. The authors speculated that the cleft

palate could have resulted from maternal stress, which may be related to elevated endogenous maternal
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blood levels of corticosterone (see Endocrine Effects in Section 2.2.1.2), which may produce cleft palate in

susceptible strains of mice.

Long-term exposure of male and female rats to 250-2,500 ppm MTBE during premating and gestational
periods for a total of 16-28 weeks (without exposing the litters) had no effect on the offspring when the
following parameters were determined: pup viability, mean pup body weight, and renal pelvises (Biles et
al. 1987). Exposure of rats for 10 weeks prior to mating, 3 weeks during gestation, and 3 weeks during
postnatal period to 400, 3,000, or 8,000 ppm MTBE had no effects on pups except for reduced body
weights at 3,000 and 8,000 ppm (Neeper-Bradley 1991). Maternal exposure to MTBE did not affect the
total number of live and stillborn F; or F, litter size or sex ratio. MTBE did not affect F; or F; pup live
birth and survival indices. At 8,000 ppm, pup weights were significantly reduced in F, pups from
lactational day 7 to lactational day 28. Significant weight reductions were also observed in F; pups from
lactational day 14 to lactational day 28 at 3,000 ppm. Significant weight gain reductions were observed

during most of the lactational period at 3,000 and 8,000 ppm.

The highest NOAEL values and all LOAEL values from each reliable study for developmental effects in

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

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after inhalation exposure to MTBE.

Whole body inhalation exposure of male and female Fischer 344 rats to 800, 4,000, and 8,000 ppm MTBE
vapor for 6 hours per day for 5 days resulted in no concentration-related increase or significant increase in
the number of chromosomal aberrations at any concentration compared with unexposed controls (Vergnes
and Morabit 1989). Similarly, no statistically significant increases in the incidence of micronucleated
polychromatic erythrocytes (Vergnes and Kintigh 1993) or increases in DNA repair in cultured primary
hepatocytes (Vergnes and Chun 1994) were found in male or female CD-1 mice exposed to 400, 3,000, or
8,000 ppm MTBE for 6 hours per day for 1 or 2 days compared with controls. However, in the Vergnes
and Chun (1994) study, the MTBE exposed mice were sacrificed 18 hours after the second exposure,
which may have been too late to detect DNA repair. The positive control mice, which were treated
intraperitoneally with N-nitrosodemethylamine at 10 mg/kg, were sacrificed 2 hours after the dose and

showed increased DNA repair. Other genotoxicity studies are discussed in Section 2.5.
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2.2.1.8. Cancer

No studies were located regarding cancer in humans after inhalation exposure to MTBE.

In a 24-month inhalation study, in which rats were intermittently exposed to 400, 3,000, or 8,000 ppm
MTBE, increased mortality occurred in males exposed to 3,000 and 8,000 ppm due to chronic progressive
nephropathy (Chun et al. 1992). These groups were terminated at 97 and 82 weeks, respectively.
Increased incidences of renal tubular cell adenoma and carcinoma were observed in male rats at 3,000 and
8,000 ppm. The incidences of renal tubular adenoma and carcinoma (combined) were 1 of 50 in controls,
0 of 50 at 400 ppm, 8 of 50 at 3,000 ppm, and 3 of 50 at 8,000 ppm. Renal tubular cell carcinomas were
observed only in the 3,000 ppm group at an incidence of 3 of 50. The increase was statistically significant
at 3,000 ppm (p=0.015), although not at 8,000 ppm. Since the rats in these groups had increased mortality
and decreased survival time, it is possible that the number of tumor-bearing rats might have increased if
they had survived longer. These renal tumors may have resulted from accumulation of a;,-globulin or
other protein unique to male rats (see Renal Effects in Section 2.2.1.2) in the renal tubular cells. In
addition, a dose-related increased incidence of interstitial cell adenoma in the testes was observed at 3,000
and 8,000 ppm. The incidence was 32 of 50 in controls, 33 of 50 at 400 ppm, 41 of 50 at 3,000 ppm, and
47 of 50 at 8,000 ppm. However, Fischer 344 rats commonly develop testicular tumors, as seen from the
high incidence in the concurrent control group. Furthermore, the incidences in the mid- and high-dose
groups were in the range of historic controls, while the incidence in the concurrent control group was

lower than the incidence in historic controls.

In an 18-month inhalation study, in which mice were intermittently exposed to 400, 3,000, or 8,000 ppm
MTBE, an increased incidence of hepatocellular adenoma was observed in female mice at 8,000 ppm
(10 of 50 compared with 2 of 50 in controls, 1 of 50 at 400 ppm, and 2 of 50 at 3,000 ppm) (Burleigh-
Flayer et al. 1992). Male mice exposed to 8,000 ppm also had increased incidences of hepatocellular
adenoma and carcinoma. The incidences of the hepatic tumors (adenoma and carcinoma combined) were
12 0of 49 in controls, 12 of 50 at 400 ppm, 12 of 50 at 3,000 ppm and 16 of 49 at 8,000 ppm. The
incidences of hepatocellular carcinoma alone in male mice were 2 of 49 in controls and 8 of 49 at

8,000 ppm (p=0.045). The incidence of combined hepatocellular adenoma and carcinoma in high-dose
males was reported to be within the range seen in historic controls; therefore, the authors suggested that
the increased incidence of hepatic neoplasms in male mice may not have been due to MTBE exposure.
However, the increased incidence of hepatocellular carcinoma in the high-dose males was statistically

significant compared with the concurrent control, suggesting that the increase was due to MTBE exposure.
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Furthermore, the increased incidence of hepatocellular adenoma in high-dose females was attributed to

MTBE exposure.

The cancer effect levels (CELs) are recorded in Table 2- 1 and plotted in Figure 2-1.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to MTBE.

MTBE has a low oral acute toxicity in experimental animals. Its oral LDs, (lethal dose, 50% kill) was
determined by administering the undiluted MTBE by gavage to rats of both sexes and was found to be
3,866 mg/kg (ARCO 1980). The low acute toxicity of MTBE has also been documented in the mouse with
a reported oral LDsy of 4,000 mg/kg (Little et al. 1979). No treatment-related deaths were observed in rats
given MTBE by gavage in water at 400 mg/kg (Bioresearch Labs 1990a) or in rats given MTBE by gavage
in oil at < 1,428 mg/kg/day for 14 days (Robinson et al. 1990). No deaths in male or female rats resulted
from oral gavage doses of 90-1,750 mg/kg/day MTBE for 4 weeks (ITT Research Institute 1992) or
100-1,200 mg/kg/day for 90 days (Robinson et al. 1990). Similarly, no deaths in male or female mice
resulted from oral gavage doses of < 1,000 mg/kg/day for 3 weeks (Ward et al. 1994). However, in a
104-week carcinogenicity study, in which male and female rats were given gavage doses of 250 or

1,000 mg/kg/day, 4 days per week, a dose-related increased mortality was observed in female rats,
beginning at 16 weeks from the start of the study (Belpoggi et al. 1995). The LDs, values in rats and mice
and the intermediate LOAEL value for increased mortality in female rats are recorded in Table 2-2 and

plotted in Figure 2-2.

2.2.2.2 Systemic Effects

No studies were located regarding systemic effects in humans after oral exposure to MTBE. The systemic
effects observed in animals after oral exposure to MTBE are discussed below. The highest NOAEL values
and all LOAEL values from each reliable study for systemic effects in each species and duration category

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



Table 2-2. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral

Exposure/
Duration/ LOAEL
Key to” Species F-;rse::ce';\izy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death

1 Rat once 3866 (LD, ARCO 1980
(NS) G)

2 Mouse once 4000 (LD,) Little et al. 1979
(NS) (c)]

Systemic

3 Rat once Resp - 4080 (labored respiration) ARCO 1980
(NS) (G)

4 Rat 14d Resp 1428 Robinson et al.
(Sprague_ 7 d/Wk 1990
Dawley) 1 x/d

(GO) Cardio 1428
Gastro 357 (diarrhea)
Hemato 357M (decreased monocytes)
. 1428 F
Hepatic 714M 1071 M (increased SGOT and
lactic dehydrogenase)
1428 F (decreased BUN)
Renal 1071 M 1428 M (increased hyaline
1428 F droplets)
Endocr 1428
Bd Wt 714 F 1071 F (unspecified reduced
357M 714 M weight gain)
Other 1071 M 1428 M (elevated
357 F 714 F cholesterol)

S103443 HLv3aH 2

H3H13 ALNGW8] TAHLIN

6S



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

Exposure/
Duration/ LOAEL
Keyto  Species F(rse::;gzy NOAEL Less Serious Serious
figure (Strain) Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
5 Rat once Gastro 100 (diarrhea) Robinson et al.
{Sprague- (GO) 1990
Dawley)
Immunological/Lymphoreticular
6 Rat 14 d 1428 Robinson et al.
(Sprague- 7 diwk 1990
Dawley) 1 x/d
(GO)
Neurological
7 Rat once 1900  (slight to marked CNS 2450 (ataxia) ARCO 1980
(NS) (G) depression)
8 Rat once 40b 400 (drowsiness) Bioresearch Labs
(Fischer 344) (GW) 1990b
9 Rat once 90 (salivation) 440 M (hypoactivity and/or ataxia) 17T Research
(Sprague- (G) 1750 F Institute 1992
Dawley)
10 Rat 1-14d 1071 1428 (profound but transient Robinson et a.
(Sprague- 7 d/Wk anes‘hesia) 1990
Dawiey) 1 x/d
(GO)
11 Rat once 900 1200 (profound but transient Robinson et al.
(Sprague- (GO) anesthesia) 1990
Dawley)
Reproductive
12 Rat 14d 1428 Robinson et al.
(Sprague- 7 diwk 1980
Dawley) 1 x/d
(GO)

S103443 H1V3H 2

H3IHL3 TALNG-H8) TAHL3NW

09



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

Exposure/
Duration/ LOAEL
Key to” Species ’?;e::;;:zy NOAEL Less Serious Serious
figure (Strain) Route) System (ma/kg/day) (mg/kg/day) (mg/kg/day) Reference
INTERMEDIATE EXPOSURE
Death
13 Rat 16 wk 250 F (increased mortality) Belpoggi et al.
(Sprague- 4 d/wk 1995
Dawley) 1 x/d
(GO)
Systemic
14 Rat 4 wk Resp 1750 ITT Research
(sprague_ 5 d/wk Institute 1992
Dawley) 1 x/d
(G) Cardio 1750
Gastro 440 1750  (inflammation submucosal
edema, epithelial
hyperplasia, stomach
ulcers)
Hemato 1750
Musc/skel 1750
Hepatic 440 1750  (increased relative liver
weight)
Renal 90 M 440M (hyaline droplets in
proximal convoluted
tubules and increased
relative kidney weight)
1750 F
Endocr 1750
Dermal 1750
Ocular 1750
Bd wt 1750
Other 440 1750  (increased serum

cholesterol)

S103443 HIAvaH 2

H3H13 1ALNg-u8l TAHLIW

19



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

Exposure/
Duration/ LOAEL
Keyto' Species F(rse::ce;:zy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
15 Rat 90 d Resp 1200 Robinson et al.
(Sprague- 7 d/wk 1990
Dawley) 1 x/d
(GO) Cardio 1200
Gastro 100 (diarrhea)
Hemato 900 1200 (increased monocytes,
and decreased MCV in
males, increased RBC,
Hb, Hct, and decreased
WBC in females)
Hepatic 100c  (decreased BUN values)
Renal 900 M 1200 M (hyaline droplets,
granular casts)
1200 F
Endocr 1200
Bd wt 1200
Other 300M 900 M (elevated cholesterol
100 F levels)
16 Mouse 3wk Bd wt 1000 Ward et al. 1994
(CD-1) 5 d/iwk
(GO)
Immunological/Lymphoreticular
17 Rat 4 wk 1750 ITT Research
(Sprague- 5 d/wk Institute 1992
Dawley) 1 x/d
(G)

S103443 H1VaH ¢

HAH13 TALNG-18l TAHLINW

c9



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

Exposure/
Duration/ LOAEL
Key to" Specles I?;e::cei:zy NOAEL Less Serlous Serious
figure (Strain) Route) System {mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
18 Rat 90 d 1200 Robinson et al.
(Sprague- 7 d/iwk 1990
Dawley) 1 x/d
(GO)
Reproductive
19 Rat 4 wk 1750 ITT Research
(Sprague- 5 d/wk Institute 1992
Dawley) 1 x/d
@)
20 Rat 90 d 1200 Robinson et al.
(Sprague- 7 d/wk 1990
Dawley) 1 xd
(GO)
21 Mouse 3wk 1000 Ward et al. 1994
(CD-1) 5 diwk
(GO)
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Table 2-2. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral (continued)

Exposure/
Duration/ LOAEL
F
Key to" Species (rse::;;:zy NOAEL Less Serious Serious
figure (Strain) Route) System (mg/kg/day) {mg/kg/day) {mg/kg/day) Reference
CHRONIC EXPOSURE
Systemic
22 Rat 104 wk Resp 1000 Belpoggi et al.
(Sprague- 4 d/wk 1995
Dawley) 1 x/d
(GO)
Cardio 1000
Gastro 1000
Musc/skel 1000
Hepatic 1000
Renal 1000
Endocr 1000
Dermal 1000
Bd wt 1000
Immunological/lLymphoreticular
23 Rat 104 wk 1000M 250 F (dysplastic proliferation of  Belpoggi et al.
(Sprague- 4 d/wk lymphoreticular tissues, 1995
Dawley) 1 x/d possibly preneoplastic)
(GO)
Reproductive
24 Rat 104 wk 1000 Belpoggi et al.
(Sprague. 4 diwk 1995
Dawley) 1 x/d

(GO)
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Table 2-2. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral (continued)

Exposure/
Duration/ LOAEL
Key to" Species l?l'se::;;':zy NOAEL Less Serious Serious
figure (Strain) Route) System {mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Cancer
25 Rat 104 wk 250 F (CEL - lymphoma and Belpoggi et al.
(Sprague- 4 d/wk leukemia) 1995
Dawley) 1 x/d
(GO) 1000 M (CEL - testicular Leydig cell

tumor)

The number corresponds to entries in Figure 2-2.
bUsed to derive an acute oral minimal risk level (MRL) of 0.4 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human

variability).

CUsed to derive an intermediate oral MRL of 0.1 mg/kg/day; dose divided by an uncertainty factor of 300 (3 for the use of a LOAEL, 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; CNS = central nervous system; d = day(s); Endocr = endocrine; F = female; (G) =
gavage; Gastro = gastrointestinal; (GO) = gavage in oil; (GW) = gavage in water; Hb = hemoglobin; Hct = hematocrit; Hemato = hematological; LDso = lethal dose, 50% kill; LOAEL =

lowest-observable-adverse-effect level; M = male; MCH = mean corpuscular hemoglobin; MCV = mean corpuscular volume; Musc/skel = musculoskeletal; NOAEL =
no-observable-adverse-effect level; RBC = red blood cell; Resp = respiratory; SGOT = serum glutamic oxaloacetic transaminase; WBC = white blood cell; wk = week(s); x = times

S103443 HLIV3H ¢

H3HL13 TALNG-#81 TAHLIW

-S89



Acute (<14 days)

Figure 2-2. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral
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Figure 2-2. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral (cont.)
intermediate (15-365 days)
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Figure 2-2.

Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Oral (cont.)
Chronic (>365 days)

Systemic
N g
< > 0 NS
S’D \\?‘b Q}é? .é*' @‘DOS -\Q'
$ & & Py ° S OF &
> &2 3 L O & ~ §® L S H
K O S R N \ [¢) 2 NS Q &
(mglkg/day) & g 5 $ g S S & 3 §& Q &
& J & § < 3 < o @ £ & il
10000
22t 22r 22r 22r 22r 22r 22r 22r 22t 24r
1000 + O O o 0] O o o o o o
23r 251
o 4
100
10 +
Key
r o rat M LD, (animals) | Minimal risk level
m mouse . i . for effects other
@ LOAEL for serious effects (animals) | than cancer
TF D LOAEL for less serious effects (animals)
. The number next to
O NOAEL (animats) each point corresponds
@ CEL: cancer effect level (animals) to entries in Table 2-2.
* Doses represent the iowest dose tested per study that produced a tumorigenic response
0.1 and do not imply the existence of a threshold for the cancer end point.

SLO3443 HITVAH ¢

HIHLI TALNG-¥8 TAHLIW

89



METHYL tert-BUTYL ETHER 69

2. HEALTH EFFECTS

Respiratory Effects. High oral doses (> 4,080 mg/kg) of MTBE caused labored respiration in rats
(ARCO 1980). This treatment, however, did not produce grossly observable changes in the major organ
systems at 1,900 mg/kg, and at higher doses (> 2,450 mg/kg) the few gross signs were attributed to the
irritating nature of MTBE. In rats given daily oral doses of 357, 714, 1,071, or 1,428 mg/kg/day for

14 days, absolute and relative lung weight was decreased at all doses in female rats but only at

714 mg/kg/day in male rats (Robinson et al. 1990). Histological examination of the lungs, however,
revealed no treatment-related lesions at any dose: No gross lesions were found in the lungs, larynx, nasal
turbinates, or trachea, and no histopathological lesions were found in the lungs or trachea (other
respiratory tissues were not examined microscopically) of rats given < 1,750 mg/kg/day for 4 weeks
(ITT Research Institute 1992). Similarly, while absolute and relative lung weights were significantly
increased in males gavaged with 1,200 mg/kg/day MTBE for 90 days, no significant changes in lung
weights were found in female rats, and no treatment-related histopathological lesions were found in the
lungs of either sex at any dose (100-1,200 mg/kg/day) (Robinson et al. 1990). In a 104-week study, in
which male and female rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week,
histological examination of the nasal cavity, pharynx, larynx, diaphragm, trachea, lung, and mainstream

bronchi revealed no treatment-related lesions (Belpoggi et al. 1995).

Cardiovascular Effects. Based on histological examination of the heart and aorta of rats, oral
exposure to MTBE appears to be without effects on the cardiovascular system. Daily oral administration
of < 1,428 mg/kg/day MTBE for 14 days had no significant effects on heart weights and did not produce
histopathological lesions in the heart (Robinson et al. 1990). Histological examination of the heart and
aorta of rats given < 1,750 mg/kg/day for 4 weeks revealed no treatment-related lesions (ITT Research
Institute 1992). While heart weights were significantly increased in female rats given a daily oral dose of
900 mg/kg/day MTBE for 90 days, no accompanying pathological lesions were found in the heart of either
sex at doses < 1,200 mg/kg/day (Robinson et al. 1990). In a 104-week study, in which male and female
rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, histological examination of the

heart revealed no treatment-related lesions (Belpoggi et al. 1995).

Gastrointestinal Effects. MTBE appears to be irritating to the gastrointestinal tract of rats as
evidenced by diarrhea and histological lesions. Rats treated with daily oral doses > 357 mg/kg/day MTBE
had diarrhea by the third day of dosing, which continued throughout the 14-day treatment period
(Robinson et al. 1990). Similarly, when MTBE was orally administered daily to rats for 90 days at

> 100 mg/kg/day, it produced diarrhea immediately after dosing throughout the exposure period (Robinson
et al. 1990). Daily oral administration for 4 weeks of 1,750 mg/kg/day MTBE to rats produced no gross
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pathological changes in the duodenum, jejunum, ilium, cecum, colon, rectum, salivary glands, stomach, or
tongue (ITT Research Institute 1992). Histopathological changes, however, were seen as submucosal
edema, subacute inflammation, epithelial hyperplasia, and ulceration in the stomach of male and female
rats given 1,750 mg/kg/day MTBE. In a 104-week study, in which male and female rats were given
gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, histological examination of the oral cavity,
salivary glands, tongue, esophagus, stomach (fore and glandular), and intestines (4 levels) revealed no

treatment-related lesions (Belpoggi et al. 1995).

Hematological Effects. In some male rats treated with daily oral doses of MTBE for 14 days,
elevated red blood cell, hemoglobin, hematocrit, and lymphocyte values were seen at doses

> 714 mg/kg/day, but monocyte values were significantly reduced at > 357 mg/kg/day (Robinson et al.
1990). Male rats given an oral dose of 440 mg/kg/day MTBE for 4 weeks had significantly increased
mean red blood cell counts, while female rats given 90 and 1,750 mg/kg/day had significantly increased
MCH (ITT Research Institute 1992). The toxicological significance of these changes is not certain since
they are not dose-related and no other hematological effects were noted. No pathology was seen in the
femur, sternum, or bone marrow. In a 90-day oral administration study, male rats had increased
monocytes and decreased MCV at 1,200 mg/kg/day (Robinson et al. 1990). Female rats given

1,200 mglkglday MTBE showed elevated levels of erythrocytes, hemoglobin, and hematocrit, while
leukocyte counts were significantly reduced. This hemoconcentration might have resulted from the
clinical dehydration condition associated with diarrhea observed in these animals instead of being a direct

effect of MTBE.

Musculoskeletal Effects. Daily oral administration of < 1,750 mg/kg MTBE to rats for 4 weeks did
not produce gross pathology in the femur, sternum (bone marrow) or bone marrow smear, or skeletal
muscle, nor histopathological changes in skeletal muscle or in the sternum (femur and bone marrow

smears were not examined microscopically) (ITT Research Institute 1992). In a 104-week study, in which
male and female rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, histological

examination of the cranium (5 levels) revealed no treatment-related lesions (Belpoggi et al. 1995).

Hepatic Effects. Relative, but not absolute, liver weights were increased in rats given a daily large
oral dose (1,428 mg/kg/day) of MTBE for 14 days (Robinson et al. 1990). Although this treatment did not
produce histopathological lesions in the liver, it significantly increased SGOT and lactic dehydrogenase
levels in male rats at 1,071 mg/kg/day and significantly decreased BUN levels in female rats at

1,428 mg/kg/day. In the 90-day study, relative liver weights were significantly increased in female rats at
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900 mg/kg/day and in male rats at 900 and 1,200 mg/kg/day (Robinson et al. 1990). BUN levels were
significantly decreased in both males and females at > 100 mg/kg/day. Serum lactic dehydrogenase was
significantly elevated in females only at 300 mg/kg/day, and SGOT was significantly elevated in males at
300 and 1,200 mg/kg/day. However, no treatment-related histopathological lesions were found in the liver
in either the 14-day study or the 90-day study. Liver weight was increased in rats following daily oral
doses of 1,750 mg/kg/day for 4 weeks of MTBE in rats (ITT Research Institute 1992). No treatment- related
gross or microscopic lesions were seen in the liver. In a 104-week study, in which male and female

rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, histological examination of the
liver revealed no treatment-related lesions (Belpoggi et al. 1995). Based on the LOAEL of 100 mg/kg/day
for decreased BUN levels in male and female rats in the 90-day study (Robinson et al. 1990), an
intermediate-duration oral MRL of 0.3 mg/kg/day was calculated as described in the footnote to Table 2-2.

Renal Effects. Large daily oral doses of MTBE for 14 days increased relative but not absolute kidney
weight in rats at 1,428 mg/kg/day (Robinson et al. 1990). Serum creatinine was significantly elevated in
male rats, while being reduced in females treated with MTBE. The toxicological significance of this
change is not clear. Daily oral treatment with 1,428 mg/kg/day of MTBE for 14 days also resulted in a
renal tubular disorder characterized by increased hyaline droplets in male rats (Robinson et al. 1990).
Similar results were obtained following an oral dose of 440 mg/kg/day of MTBE for 4 weeks (ITT
Research Institute 1992). Severe tubular changes, which consisted of mild increases in cytoplasmic
hyaline droplets in proximal tubular cells and small numbers of intratubular granular casts at the junction
of the outer and inner stripe of the outer medulla, were seen in male rats, but not female rats, following
gavage doses of 1,200 mg/kg/day MTBE, but not < 900 mg/kg/day (Robinson et al. 1990). However, in a
104-week study, in which male and female rats were given gavage doses of 250 or 1,000 mg/kg/day,

4 days per week, histological examination of the kidneys and urinary bladder revealed no treatment-related

lesions (Belpoggi et al. 1995).

Endocrine Effects. Daily oral administration of MTBE for 14 days neither affected adrenal gland
weights nor did it produce histopathological lesions in the adrenals (Robinson et al. 1990). On the other
hand, female rats given 1,200 mg/kg/day MTBE for 90 days showed significantly elevated relative adrenal
gland weight, but no histopathological lesions were observed in males or females at < 1,200 mg/kg/day
(Robinson et al. 1990). In a 4-week study, a dose of 1,750 mg/kg/day in rats resulted in a significant
increase in relative adrenal weight in males, but no gross or histopathological lesions were found in the
adrenal gland, pancreas, parathyroids, pituitary, or thyroid (ITT Research Institute 1992). Similarly, in a
104-week study, in which male and female rats were given gavage doses of 250 or 1,000 mg/kg/day,
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4 days per week, histological examination of the pituitary gland, Zymbal gland, thyroid, parathyroid,

pancreas, and adrenal glands revealed no treatment-related lesions (Belpoggi et al. 1995).

Dermal Effects. No gross or histopathological lesions were found on the skin of rats dosed orally with
1,750 mg/kg/day MTBE for 4 weeks (ITT Research Institute 1992). Similarly, in a 104-week study, in
which male and female rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week,
histological examination of the skin and subcutaneous tissues revealed no treatment-related lesions

(Belpoggi et al. 1995).

Ocular Effects. No gross lesions were found in the eyes, exorbital lachrymal glands, or Harderian
glands, and no histopathological lesions were found in the eyes (glands not examined microscopically) in

rats dosed orally with < 1,750 mg/kg/day MTBE for 4 weeks (ITT Research Institute 1992).

Body Weight Effects. High daily oral doses of MTBE for 14 days caused significant decreases in
body weight of female rats and in weight gain of males (Robinson et al. 1990); however, the percentage
decrease can not be determined from the data. These results may be related to the significant decrease in
food intake in treated rats, secondary to the hypoactivity induced by MTBE (see Section 2.2.2.4). In
contrast, daily oral doses of up to 1,750 mg/kg/day for 4 weeks (ITT Research Institute 1992) or

1,200 mg/kg/day for 90 days (Robinson et al. 1990) did not cause any body weight change in treated rats.
In addition, no changes in body weight were found in mice given < 1,000 mg/kg/day MTBE by gavage

5 days per week for 3 weeks (Ward et al. 1994). Similarly, in a 104-week study, in which male and female
rats were given gavage doses of 250 or 1,000 mg/kglday, 4 days per week, no treatment-related differences
between treated and control rats were found for water and food consumption or body weight changes

(Belpoggi et al. 1995).

Other Systemic Effects. Elevated cholesterol levels were consistent findings in rats dosed orally
with 714 mg/kg/day (females) or 1,428 mg/kg/day (males) for 14 days (Robinson et al. 1990),

1,750 mg/kglday for 4 weeks (ITT Research Institute 1992), and 100 mg/kg/day (females) or

900 mg/kg/day (males) for 90 days (Robinson et al. 1990).
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2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans after oral exposure

to MTBE.

Oral administration of 1,428 mg/kg/day MTBE for 14 days significantly reduced absolute spleen weight
and absolute and relative thymus weights in female rats but not males (Robinson et al. 1990). This
treatment did not produce histopathological lesions in the spleen or thymus. Similar results were obtained
following 90 days treatment with an oral daily dose of 100 to 1,200 mg/kg MTBE (Robinson et al. 1990).
Also, rats given < 1,750 mg/kg/day MTBE orally for 4 weeks had no pathology in the bone marrow,
mesenteric lymph nodes, mandibular lymph nodes, spleen, or thymus (ITT Research Institute 1992). This
treatment did not produce microscopic histopathological changes in all tissues examined (i.e., mesenteric
lymph nodes, spleen, or thymus). However, in a 104-week study, in which male and female rats were
given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, an increased incidence of dysplastic
proliferation of lymphoreticular tissues (hyperplastic lymphoid tissues, at various body sites, consisting of
atypical lymphoid cells, usually lymphoimmunoblasts) was observed in females at both doses (Belpoggi et
al. 1995). The increase was greater at the low dose than at the high dose. Since dose-related increased
incidences of lymphomas and leukemia were observed in the female rats (see Section 2.2.2.8), more of the
dysplastic proliferation lesions might have developed into the lymphomas and leukemias in the high dose
female, suggesting that the dysplastic proliferation represents a preneoplastic lesion. No histopathological
lesions were found in the spleen or thymus. The highest NOAEL values and the LOAEL value for
lymphoreticular effects in rats in each study in each duration category are recorded in Table 2-2 and

plotted in Figure 2-2.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after oral exposure to MTBE.

The immediate acute effect of orally administered MTBE is on the central nervous system. Acute oral
doses caused marked central nervous system depression, ataxia, tremors, labored breathing, and loss of
righting reflex in rats at doses > 4,080 mg/kg, loss of righting reflex and ataxia at 3,160 mg/kg, ataxia at
2,450 mg/kg and slight to marked central nervous system depression at 1,900 mg/kg (ARCO 1980). Onset
of neurological signs was rapid, but they disappeared or were markedly reduced within 24 hours. Another

study in rats reported drowsiness, which subsided within 24 hours after a single oral dose of 400 mg/kg
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(Bioresearch Labs 1990b). A NOAEL of 40 mg/kg for neurological effects for acute oral exposure was
identified in the Bioresearch Labs (1990b) study. Based on this NOAEL value, an acute oral MRL of

0.4 mg/kg/day was calculated as described in the footnote to Table 2-2. Large daily oral doses of

1,428 mg/kg/day MTBE for 1-14 days in rats also resulted in profound anesthesia soon after treatment,
with subsequent recovery of motor and sensory functions within 2 hours of dosing (Robinson et al. 1990).
Male rats given 1,428 mg/kg/day for 14 days had significantly reduced brain weights, while female rats
given the same dose had significantly increased relative brain weights. However, no histopathological
lesions were found in the brain. Anesthesia was also produced in rats immediately after dosing with

1,200 mg/kg/day MTBE every day in a 90-day oral administration study, followed by recovery in
approximately 2 hours (Robinson et al. 1990). This treatment did not significantly affect brain weight nor
did it produce histopathological lesions in the brain. Daily oral administration of 90, 440, and

1,750 mg/kg/day MTBE for 4 weeks caused salivation in treated rats (ITT Research Institute 1992). In
addition, hypoactivity and/or ataxia were observed in rats given the two highest doses. Because all signs
of neurotoxicity in the 90-day study by Robinson et al. (1990) and in the 4-week study by ITT Research
Institute (1992) occurred shortly after dosing, they are considered signs of acute toxicity. No
histopathological lesions were seen in the brain, spinal cord, or sciatic nerve at the termination of the
4-week study (ITT Research Institute 1992). In a 104-week study, in which male and female rats were
given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week, no clinical signs of behavioral changes
and no histopathological brain lesions were observed (Belpoggi et al. 1995). The NOAEL value and all
LOAEL values for neurological effect in rats for the acute-duration category are recorded in Table 2-2 and
plotted in Figure 2-2. Although no histopathological effects in the brains were observed in intermediate- and chronic-
duration studies, the doses have been associated with clinical signs of neurological effects;

therefore, these doses are not presented as NOAEL values for neurological effects in the intermediate- and

chronic-duration categories.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after oral exposure to MTBE.

Daily oral administration of 357 to 1,428 mg/kg/day MTBE in rats for 14 days did not affect testicular or
ovarian weights, nor did it produce histopathological lesions in the testes or ovaries (Robinson et al.

1990). Treatment of male and female mice with < 1,000 mg/kg/day MTBE by gavage for 3 weeks resulted
in no effects on the frequency of germ cells in the testes or ovaries (Ward et al. 1994). Daily oral dosing

0of 90 to 1,750 mg/kg/day MTBE for 4 weeks in rats produced no gross pathology in the epididymides,
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mammary gland, prostate, seminal vesicles, testes, uterus, vagina, or ovaries (ITT Research Institute
1992). Histological examination revealed no treatment-related lesions in these organs (vagina not
examined microscopically). Also, a 90-day treatment with daily oral doses of 100-1,200 mg/kg/day
MTBE in rats had no significant effect on absolute testicular or ovarian weights (Robinson et al. 1990).
This treatment did not produce histopathological lesions in the testes or ovaries. In a 104-week study, in
which male and female rats were given gavage doses of 250 or 1,000 mg/kg/day, 4 days per week,
histological examination of the prostate, uterus, and gonads revealed no nonneoplastic treatment-related
lesions; however, a significantly increased incidence of testicular Leydig cell tumors was found in the

high-dose males (see Section 2.2.2.8) (Belpoggi et al. 1995).

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after oral exposure to

MTBE.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to MTBE.

MTBE did not cause chromosomal aberrations in the bone marrow of Sprague-Dawley rats that were
gavaged with 0.04, 0.13, or 0.4 ml/kg/day (30, 96, or 296 mg/kg/day) once or for 5 days (ARCO 1980).
Similarly, no significant induction of chromosome aberrations in spleen lymphocytes and no evidence of a
dose-related increase in hypoxanthine-guanine phosphoribosyl transferase (/prf) mutant frequency in
spleen lymphocytes were found in mice treated with < 1,000 mg/kg/day MTBE by gavage for 3 weeks
(Ward et al. 1994). Other genotoxicity studies are discussed in Section 2.5.

2.2.2.8 Cancer

No studies were located regarding cancer in humans after oral exposure to MTBE.

In a 104-week carcinogenicity study, in which male and female rats were given MTBE in oil by gavage at
250 or 1,000 mg/kg/day, 4 days per week, a dose-related increased incidence of lymphomas and leukemia
was observed in female rats (2 of 60 in controls, 6 of 60 at 250 mg/kg/day, 12 of 60 at 1,000 mg/kg/day)

(Belpoggi et al. 1995). When expressed as the incidence in the female rats alive at 56 weeks of age, when
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the first leukemia was observed, these incidences were 2 of 58 (3.4%) in controls, 6 of 51 (11.8%) at

250 mg/kg/day, and 12 of 47 (25.5%) at 1,000 mg/kg/day. The increased incidence was statistically
significant (p<0.0l) at both dose levels compared with controls. As noted in Section 2.2.2.4, there was
also an increased incidence in dysplastic proliferation of lymphoreticular tissues in female rats, which was
greater in the low-dose group than in the high-dose group, suggesting that the dysplastic proliferation was
preneoplastic. An increase in uterine sarcomas was found in the females only at the low dose (1 of 60 in
controls, 5 of 60 at 250 mg/kg/day, and 0 of 60 at 1,000 mg/kg/day). In male rats, there was a statistically
significant (p<0.05) increased incidence of testicular Leydig cell tumors at the high dose (2 of 60 in
controls, 2 of 60 at 250 mg/kg/day, and 11 of 60 at 1,000 mg/kg/day). When expressed as the incidence in
male rats alive at 96 weeks of age, when the first Leydig cell tumor was observed, the incidence was 2 of

26 (7.7%) in controls, 2 of 25 (8.0%) at 250 mg/kg/day, and 11 of 32 (34.4%) at 1,000 mg/kg/day.

2.2.3 Dermal Exposure

2.2.3.1 Death

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

No deaths occurred in rats exposed to MTBE dermally at < 400 mg/kg for 6 hours (Bioresearch Labs
1990b) or in rabbits exposed to MTBE dermally at 10,000 mg/kg for 24 hours (ARCO 1980).

2.2.3.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, hematological, musculoskeletal, hepatic,
renal, endocrine, or body weight effects in humans or animals after dermal exposure to MTBE. Studies on
dermal and ocular effects in humans and gastrointestinal, dermal, and ocular effects in animals after
dermal exposure to MTBE are discussed below. The highest NOAEL values and all LOAEL values from

each reliable study in each species and duration category are recorded in Table 2-3.

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans after

dermal exposure to MTBE.



Table 2-3. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Dermal

Exposurel LOAEL
Duration/
Species Frequency NOAEL Less Serious Serious
(Strain)  (Specific Route) System Reference

ACUTE EXPOSURE

Systemic
Human 1 hr Dermal 1.7 Cain et al. 1994
ppm
Ocular 1.7
ppm
Human 1hr Dermali 1.39 Prah et al. 1994
ppm
Ocular 1.39
ppm
Rat 4 hr Ocular 18892  (eye discharge) ARCO 1980
(NS) ppm
Rat 9d Ocular 100  (lacrimation, Biodynamics 1981
(Sprague- 5 diwk ppm  conjunctival swelling)
Dawley) 6 hr/d
Rat 6 hr Gastro 40  (light diarrhea) Bioresearch Labs
(Fischer 344) mg/kg 1990b
Mouse 10 d Ocutar 250 F (slightly increased Conaway et al. 1985
(CD-1) Gd 6-15 ppm  lacrimation)
6 hr/d
Mouse 10d Ocular 4000 F 8000 F' (increased lacrimation Tyl and
(CD-1) Gd 6-15 ppm ppm  and periocular Neeper-Bradley 1989
6 hr/d encrustation)

H3HL13 1ALNG-V8l TAHLIW

S103443 H1TVaH ¢
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Table 2-3. Levels of Significant Exposure to Methyl! tert-Butyl Ether (MTBE) - Dermal (continued)

g
m
—
I
Exposure/ ~
Duration/ LOAEL §
Specles Frequency NOAEL Less Serious Serious o
(Strain)  (Specific Route) System Reference 5
=
Gn Pig once Dermal 0.5mL (local irritation and ARCO 1980 0
(Hartiey) (1% increased erythema) &
soln b1
MTBE)
Rabbit 24 hr Dermal 0.5 mL (slight to severe ARCO 1980
(New erythema, acanthosis,
Zealand) and necrosis)
Rabbit 24 hr Dermal 10000 (erythema, skin ARCO 1980
(New mg/kg thickening, edema, and
Zealand) blanching) ’;
m
Rabbit once Ocular 0.1mL  (corneal opacities, ARCO 1980 E
(New chemosis, conjunctival T
Zealand) redness, and discharge) 7
m
Rabbit once Ocular 0.05 (congestion of Snamprogetti 1980 8
(NS) mL conjunctival, palpebral
thickening, and
hypersecretion)
Immunological/Lymphoreticular
Human 1 hr 17 Cain el al. 1994
ppm
INTERMEDIATE EXPOSURE
Systemic
Rat 16-28 wk Dermal 2500 Biles et a!. 1987
(Sprague- 5-7 diwk ppm
Dawley) 6 hr/d
Ocular 2500
ppm

8L



Table 2-3. Levels of Significant Exposure to Methyl tert-Butyl Ether (MTBE) - Dermal (continued)

Exposure/
Duration/ LOAEL
Species Frequency NOAEL Less Serious Serious
(Strain)  (Specific Route) System Reference
Rat 13 wk Dermal 8000 Dodd and Kintigh
(Fischer 344) 5 d/wk ppm 1989
6 hr/d Ocular 8000
ppm
Rat 13 wk Dermal 1000 Greenough et al. 1980
(Sprague- 5 d/wk ppm
Dawley) 6 hr/d
Ocular 1000
ppm
Rat 14-19 wk Ocular 3000 8000 (periocular encrustation Neeper-Bradley 1991
(Sprague- 5-7 diwk ppm ppm and ocular discharge)
Dawley) 6 hr/d
Immunological/Lymphoreticular
Gn Pig 3wk 0.5 ARCO 1980
(Hartley) 3-4 x/'wk mL
1 x/d (1%
soln),
then
0.1
mL
CHRONIC EXPOSURE
Systemic
Rat 24 mo Dermal 8000 Chun et al. 1992
(Fischer 344) 5 d/wk ppm i
6 hr/d Ocuiar 400 M 3000 M (swollen periocular tissue)
ppm ppm
8000 F
ppm

S103443 H11V3H 2

H3IH13 1ALNG-U8] TAHLIW
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Table 2-3. Levels of Significant Exposure to Methyl tert-Buty! Ether (MTBE) - Dermal (continued)

Exposure/
Duration/ LOAEL
Species Frequency NOAEL Less Serious Serious
(Strain)  (Specific Route) System (ppm) (ppm) (bpm) Reference
Mouse 18 mo Dermal 8000 Burleigh-Flayer et al.
(CD-1) 5 diwk ppm 1992
6 hr/d Ocular 8000
pPpm

Bd Wt = body weight; d = day(s); F = female; Gastro = gastrointestinal; Gd = gestational day; Gn Pig = guinea pig; hr = hour(s); LOAEL = lowest-observable-adverse-effect level; M =
male; mo = month(s); NOAEL = no-observable-adverse-effect level; NS = not specified; soln = solution; wk = week(s)

S103443 H1TV3aH 2

H3H13 ALNG-18 TAHLINW

08
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In a pharmacokinetic study, in which MTBE was applied dermally to the dorsal flank of rats via an
occluded chamber, the rats developed slight diarrhea at a dermal dose of 40 mg/kg (Bioresearch Labs
1990b). Since the dermally applied MTBE was protected by occlusion, it is unlikely that oral uptake via

grooming contributed to the absorbed dose.

Dermal Effects. Because inhalation exposure to chemicals may result in dermal effects due to direct
contact of the vapor on the skin, relevant inhalation studies for dermal effects are presented briefly in
Section 2.2.1.2, but are more fully discussed here. In a double-blind study, human volunteers were
exposed sequentially to 1.7 ppm MTBE for 1 hour on 1 day, to uncontaminated air for 1 hour 2 days later,
and to 7.1 ppm of a 17-component mixture of VOCs for 1 hour 2 days later (or the reverse sequence) (see
Respiratory Effects in Section 2.2. 1.2) (Cain et al. 1994). Statistical analysis of the results of
questionnaires administered every 10 minutes during the various exposure conditions revealed no
differences in reporting of skin rash or dry skin. In a similar study, 19 healthy men and 18 healthy women
were exposed for 1 hour to clean air and 1.39 ppm MTBE in separate sessions separated by at least 1 week
(Prah et al. 1994). The order of exposure was randomly selected, but because of the odor of MTBE, it is
likely that the subjects were aware of the exposure conditions. Analysis of the results of the

questionnaires administered prior to exposure, immediately upon entering the exposure chamber, after

30 minutes of exposure, and during the last 5 minutes of exposure revealed no differences for skin rash or

dry skin.

Application of 0.5 mL or 10,000 mg/kg ARCO MTBE (96.2% MTBE) or commercial MTBE (99.1%
MTBE) to the intact or abraded skin of rabbits resulted in slight to severe erythema, blanching, epidermal
thickening, acanthosis, or focal necrosis (ARCO 1980). In a dermal sensitization test in guinea pigs (see
Section 2.2.3.4), local irritation and increased erythema developed at the site after the initial intradermal

injection of 0.5 mL of a 1% MTBE solution (ARCO 1980).

It appears that direct application of liquid MTBE is required to produce these effects since exposure of the
skin to MTBE vapors in air during inhalation studies did not result in dermal effects. Histological
examination of skin of rats exposed to airborne MTBE at concentrations < 8,000 ppm for 13 weeks
revealed no treatment-related lesions (Dodd and Kintigh 1989; Greenough et al. 1980). Alopecia was
commonly observed in rats exposed to < 2,500 ppm for 16-28 weeks, but it was not considered to be
related to MTBE-exposure because the incidence was similar in the exposed and control groups (Biles et

al. 1987). In chronic-duration studies, in which rats (Chun et al. 1992) and mice (Burleigh-Flayer et al.
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1992) were exposed intermittently by inhalation to 400, 3,000, or 8,000 ppm MTBE, histological

examination of the skin revealed no treatment-related lesions.

Ocular Effects. Because inhalation exposure to chemicals may result in ocular effects due to direct
contact of the vapor to the eyes, relevant inhalation studies for ocular effects are briefly presented in
Section 2.2.1.2, but are more fully discussed here. Eye irritation was among the symptoms reported by
motorists or gas station workers during oxygenated fuel programs in which MTBE had been added to
gasoline to reduce carbon monoxide emissions. In the preliminary investigation 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, Alaska, eye irritation was reported by 1 of 4 (25%)
taxi drivers, 9 of 26 (35%) health-care workers, and 3 of 15 (20%) students who met the case definition
(4 of 12 taxi drivers, 26 of 90 health-care workers, and 15 of 101 students) (Beller and Middaugh 1992).
In the preliminary investigation in Anchorage, Alaska, eye irritation was reported by 8 of 12 (67%) taxi
drivers and 13 of 36 (36%) health-care workers who met the case def