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Methyl tert-butyl ether (MTBE); CASRN 1634-04-4

Human health assessment information on a chemical substance is included in the IRIS database
only after a comprehensive review of toxicity data, as outlined in the IRIS assessment
development process. Sections | (Health Hazard Assessments for Noncarcinogenic Effects) and
I (Carcinogenicity Assessment for Lifetime Exposure) present the conclusions that were reached
during the assessment development process. Supporting information and explanations of the
methods used to derive the values given in IRIS are provided in the guidance documents located
on the IRIS website.

STATUS OF DATA FOR MTBE

File First On-Line 12/01/1991

Category (section) Assessment Available? Last Revised
Oral RfD (1.A)) not evaluated
Inhalation RfC (1.B.) yes 09/01/1993
Carcinogenicity Assessment (11.) not evaluated

I. Chronic Health Hazard Assessments for Noncarcinogenic Effects

I.A. Reference Dose for Chronic Oral Exposure (RfD)

Substance Name — Methyl tert-butyl ether (MTBE)
CASRN — 1634-04-4

Not available at this time.

1.B. Reference Concentration for Chronic Inhalation Exposure (RfC)

Substance Name — Methyl tert-butyl ether (MTBE)
CASRN — 1634-04-4
Last Revised — 09/01/1993



http://www.epa.gov/iris/process.htm
http://www.epa.gov/iris/process.htm
http://www.epa.gov/iris/backgrd.html
http://www.epa.gov/iris/backgrd.html
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The inhalation Reference Concentration (RfC) is analogous to the oral RfD and is likewise based
on the assumption that thresholds exist for certain toxic effects such as cellular necrosis. The
inhalation RfC considers toxic effects for both the respiratory system (portal-of-entry) and for
effects peripheral to the respiratory system (extrarespiratory effects). It is expressed in units of
mg/cu.m. In general, the RfC is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily inhalation exposure of the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime.
Inhalation RfCs were derived according to the Interim Methods for Development of Inhalation
Reference Doses (EPA/600/8-88/066F August 1989) and subsequently, according to Methods for
Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry
(EPA/600/8-90/066F October 1994). RfCs can also be derived for the noncarcinogenic health
effects of substances that are carcinogens. Therefore, it is essential to refer to other sources of
information concerning the carcinogenicity of this substance. If the U.S. EPA has evaluated this
substance for potential human carcinogenicity, a summary of that evaluation will be contained in
Section 11 of this file.

1.B.1. Inhalation RfC Summary

Critical Effect Exposures* UF MF RfC
Increased absolute and NOAEL: 1453 mg/cu.m (403 100 1 3E+0
relative liver and ppm) mg/cu.m
kidney weights and NOAEL(ADJ): 259 mg/cu.m
increased severity of NOAEL(HEC): 259 mg/cu.m
spontaneous renal
lesions (females), LOAEL: 10899 mg/cu.m (3023
increased prostration ppm)
(females), and swollen LOAEL(ADJ): 1946 mg/cu.m
periocular tissue LOAEL(HEC): 1946 mg/cu.m

(males and females)

Chronic Rat 24-Month Inhalation
Study

Chun et al., 1992

*Conversion Factors and Assumptions — MW = 88.15. Assuming 25 C and 760 mmHg,
NOAEL(mg/cu.m) = 403 ppm x 88.15/24.45 = 1453. NOAEL(ADJ) = 1453 x 6 hours/24 hours x
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5 days/7 days = 259 mg/cu.m. The NOAEL(HEC) was calculated for a gas:extrarespiratory
effect in rats assuming periodicity was attained. Because the b:a lambda values are unknown for
the experimental species (a) and humans (h), a default value of 1.0 is used for this ratio.
NOAEL(HEC) = NOAEL(ADJ) x [b:a lambda(a)/b:a lambda(h)] = 259 mg/cu.m.

1.B.2. Principal and Supporting Studies (Inhalation RfC)

Chun, J.S., H.D. Burleigh-Flayer, and W.J. Kintigh. 1992. Methyl tertiary butyl ether: vapor
inhalation oncogenicity study in Fischer 344 rats (unpublished material). Prepared for the MTBE
Committee by Bushy Run Research Center, Union Carbide Chemicals and Plastics Company
Inc. Docket No. OPTS- 42098.

In a chronic inhalation study (Chun et al., 1992), Fischer 344 rats (50 males, 50 females/group)
were exposed to analytical mean concentrations of 403, 3023, or 7977 ppm methyl tertiary-butyl
ether (MTBE) vapors (1453, 10,899, or 28,760 mg/cu.m) 6 hours/day, 5 days/week for 24
months (duration- adjusted values are 259, 1946, and 5136 mg/cu.m, respectively). The control
animals breathed air. Hematology (all rats) was performed halfway through the experiment
(control and high-concentration groups) and prior to final sacrifice (all groups). Blood and urine
samples were collected and stored, but complete serum chemistry and urinalysis were not
performed. Corticosterone levels were measured on 10 rats/sex/group prior to sacrifice. Clinical
signs, body weights, organ weights, and food consumption were monitored. Complete necropsy
and histopathology, including examination of the nasal turbinates and lower respiratory tract,
were performed on all animals.

Survival times for females were not significantly different between exposed and control rats. A
slight decrease in mean survival time was observed in the males exposed to the low
concentration (controls, 632 days; low-concentration group, 617 days; p < 0.05). Survival time
clearly decreased in males exposed to both the mid and high concentrations (mid-concentration
group, 587 days; high-concentration group, 516 days; p < 0.01), leading to earlier sacrifice times
at 97 and 82 weeks, respectively. According to study pathologists, chronic, progressive
nephropathy was the main cause of death in the higher concentration groups and also contributed
to a slight increase in mortality in the males exposed to the low concentration (Garman,
1993a,b). In NTP oral and inhalation 2-year studies of other compounds that exacerbate rat
chronic, progressive nephropathy (e.g., 1,4-dichlorobenzene, dimethyl methylphosphonate,
hexachloroethane, isophorone, pentachloroethane, tetrachloroethylene, chlorothalonil, and
trichloroethylene), survival rates in male rats have been low, particularly in the high-dose groups
(U.S. EPA, 1991). As with MTBE, decreased survival of male rats exposed to dimethyl
methylphoshponate was attributed, at least in part, to chemically related kidney toxicity (i.e.,
nephropathy) (NTP, 1987).
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For animals exposed to the high concentration, clinical signs that were markedly increased over
controls were ataxia (2-4% of controls at end of study vs. 100% of males and females at high-
exposure level starting day 2) and earlier onset and increased incidence of swollen periocular
tissue (<50% of controls at end of study vs. 84% of males and 100% of females starting day 12).
The observation of ataxia at this exposure level is consistent with findings from the subchronic
study discussed below (Dodd and Kintigh, 1989). Increased salivation was observed in males
only at the high-exposure level. At the mid-concentration level, the authors did not report
increased ataxia, but an increase in incidence of prostration was observed in females (6/50
controls vs. 15/50 at the mid concentration). Early onset and increased incidence of swollen
periocular tissue were also reported at the mid- concentration level (68% of males and 100% of
females starting days 12 and 19, respectively). Swollen periocular tissue, salivation, and
prostration were not reported at any exposure level in the subchronic study (Dodd and Kintigh,
1989).

As is discussed in Section 1.B.4., the corresponding subchronic study by Dodd and Kintigh
(1989) assessed several neurological endpoints, including pathological examinations, brain size
parameters, and functional observational batteries (FOBs). The only CNS effect found in the
subchronic study at the 4000-ppm level was a slight decrease in brain length of the male rats (p <
0.05). Significant (p < 0.05) decreases in absolute brain weights of 8000-ppm males and females
supported the use of this endpoint as a critical effect for derivation of the previously reported
MTBE RfC, which was based on these 90- day study data. The chronic study did not measure
brain length as a parameter, but did assess brain weight. The lack of brain length measurements
in the chronic study is not considered a major study deficit because no significant differences in
male or female brain weights were observed at any chronic exposure level.

As was observed in the subchronic study (Dodd and Kintigh, 1989), body weight gain and
absolute body weight were decreased in both sexes of the high- concentration group. Just prior to
sacrifice at week 81, body weight gain and absolute body weight in males were decreased 29 and
19%, respectively. Body weight gain and absolute body weight in females were decreased 22 and
13%, respectively, at the end of the study. Exposure-related, 18-25% increases in kidney and
liver weights (absolute and relative to body and brain weights) were reported in females in the
mid- and high-exposure groups (p < 0.01). No significant increases in liver or kidney weights
were observed in the male rats.

No concentration-related histopathologic findings were reported in the livers of either sex.
Increased incidence of hepatocellular hypertrophy (males) and degeneration (females) were
observed in animals exposed to the mid concentration, but not the high concentration. No
treatment-related lesions were observed in the respiratory tract in any group. Similarly, no
pathologic changes were reported in the corresponding subchronic study by Dodd and Kintigh
(1989).
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Increases in microscopic kidney changes indicative of chronic nephropathy were seen in a
concentration-related manner in all groups of exposed male rats and, to a lesser extent, in
females exposed to the mid and high MTBE concentrations. Increases in the severity of
mineralization and interstitial fibrosis were observed at all chronic-exposure concentrations in
the male rats. Increased mineralization was not observed in females, but increases in mild to
moderate glomerulosclerosis and interstitial fibrosis and tubular proteinosis were observed at the
mid- and high-exposure levels in the female rats.

U.S. EPA (1991) clearly indicates that nephropathy in male rats associated with the induction of
alpha-2u-globulin (a male-rat-specific protein) accumulation in hyaline droplets (located in the
P2 segment of the proximal tubule cells of the kidneys) "is not an appropriate endpoint to
determine noncancer (systemic) effects potentially occurring in humans.” U.S. EPA (1991)
further outlines the following criteria for identification of an alpha-2u-globulin toxicant: (1)
increased number and size of hyaline droplets in renal proximal tubule cells of treated male rats,
(2) the accumulating protein in the hyaline droplets is alpha 2u globulin, and (3) additional
aspects of pathological sequence of lesions associated with alpha-2u-globulin nephropathy are
present, as described in U.S. EPA (1991). For reasons discussed below, the nephropathy in the
male rats (and the associated decreased survival time) is thought to be at least partially due to
alpha-2u-globulin accumulation, confounding the results of the male rat chronic bioassay and
precluding its use as a basis for a quantitative determination of human noncancer risk.

The first criterion listed above was addressed in the subchronic study by Dodd and Kintigh
(1989). They reported that slides of kidney sections from five male rats in each treatment group
and from five female rats from the high-level (7977-ppm) treatment group were independently
"blind" evaluated by three pathologists for treatment-related differences in hyaline droplet
formation. The average grades for extent of hyaline droplet formation based on a scale ranging
from 0 (no findings) to 5 (severe) were O for the female rats exposed to 7977 ppm and 2.56, 1.94,
3.06, and 3.66 for the control and 800-, 4000-, and 7977-ppm males, respectively. Thus, these
results indicate no hyaline droplet formation in female rats and a moderate (one-grade) increase
in hyaline droplet formation for male rats at the high-exposure level. Further, hyaline droplet
increases at the high dose were observed in a subchronic gavage study (Robinson et al., 1990)
and in a subchronic drinking- water study (Lindamood et al., 1992) of male Fischer 344 rats
exposed to tert- butyl alcohol (TBA), the principal metabolite of MTBE.

The second criterion, alpha-2u-globulin levels in the hyaline droplets, was addressed in a
separate analysis of male rats from the subject subchronic study (Swenberg and Dietrich, 1991).
Although they were not increased in a concentration-related manner, Swenberg and Dietrich
(1991) observed an approximate doubling in the percentage of renal cortex staining for alpha 2u
globulin in all male rat exposure groups of the subchronic study. Although the pattern of alpha-
2u-globulin accumulation is not consistent with other known alpha-2u-globulin toxicants (e.g.,
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limonene), these results suggest that the aforementioned increase in hyaline droplet formation
could, at least partially, be due to the accumulation of this male-rat-specific protein.

Finally, subchronic and chronic inhalation studies reveal that MTBE does induce most of the
pathologic progression (from hyaline droplet formation to acceleration of chronic progressive
nephropathy to renal tubular cell tumors) identified as characteristic of alpha-2u-globulin-type
toxicity (U.S. EPA 1991). Swenberg and Dietrich (1991) reported that alpha-2u-globulin-
positive proteinaceous casts at the junction of the proximal tubules and the thin limb of Henle
were not observed. However, Robinson et al. (1990) found that 50% of male Sprague-Dawley
rats orally dosed with 1200 mg MTBE/kg displayed "small numbers of tubules which were
plugged with granular casts.” Further, granular casts at this part of the nephron can lead to
subsequent tubular dilation (U.S. EPA, 1991), an effect that was noted in the chronically exposed
male (1/50, 13/50, 14/50, and 11/50 in control and low-, mid-, and high-exposure groups,
respectively), but not female (2/50, 0/50, 3/50, and 3/50 in control, low-, mid-, and high-
exposure groups, respectively) rats (Chun et al., 1992). The reason this pathology was not
observed following the 90-day study is not known at this time but may be related to differences
in test species strain or due to differences resulting from differing administration routes.

Another indication that MTBE exacerbation of chronic progressive nephropathy (CPN) may be
related to alpha 2u globulin is that MTBE accelerates CPN to a much lesser degree in animals
that cannot produce alpha 2u globulin (i.e., female rats, all mice). The graded kidney lesion
responses observed in male and female rats (Tables 40 and 45) were analyzed by logistic
regression models to determine the extent to which MTBE impacted male and female kidneys
differently. Males and females differed significantly with respect to concentration-response
slopes for interstitial nephritis (p < 0.025), interstitial fibrosis (p < 0.005), and mineralization (p
< 0.005), but not with respect to tubular proteinosis (p > 0.1) and glomerulosclerosis (p > 0.1)
(Allen, 1993). In all cases where the slopes differed significantly, the slope for males was greater
than the slope for females.

As with the male rats, the nephropathy present in the female MTBE-exposed rats did not differ
histologically from the "spontaneous™ nephropathy common in older Fischer 344 rats. The
heightened degrees of nephropathy seen in relation to the MTBE exposures represent an
exacerbation of this spontaneous rat nephropathy (Garman, 1993a). Of the observed kidney
lesions, the study pathologist's diagnosis of tubular proteinosis was considered most
representative of overall nephropathy (Garman, 1993b). An analysis of the average severity
grade for these lesions in the different exposure groups (where 1 = minimal, 2 = mild, 3 =
moderate, 4 = marked, and 5 = severe) revealed scores of 2.8, 2.8, 3.8, and 3.5 for females
sacrificed at 24 months in the control group and 403-, 3023-, and 7977-ppm exposure groups,
respectively (Eldridge, 1993). Trend analyses (using methods described by Tukey et al., 1985) of
this and other kidney lesions confirm the 403-ppm NOAEL and 3023-ppm LOAEL with respect
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to renal effects in the female rats (Allen, 1993). In males, 403-ppm was determined to be a
NOAEL for interstitial nephritis, tubular proteinosis, and glomerulosclerosis, and a LOAEL for
mineralization and interstitial fibrosis. The 403-ppm NOAEL for renal effects in the female rats
was also confirmed via a blinded reevaluation of the original kidney slides by a second
pathologist (Busey, 1993).

In summary, there is some evidence for alpha-2u-globulin nephropathy in male rats. This limited
evidence, however, is sufficient to eliminate male rat kidney nephropathy as a possible critical
endpoint for use in the derivation of an RfC. Also, the induction of nephropathy in females
indicates that MTBE induces renal pathology by more than one mechanism. Because the female
rat lacks alpha 2u globulin, the mechanism of pathologic induction is not considered to be
unique, and renal pathology in females is thus considered to be suitable for use in the
development of an RfC.

Exposure to MTBE vapor for 24 months produced various signs of toxicity in female rats
exposed to 3023 ppm MTBE, including prostration, swollen periocular tissue, increased relative
and absolute liver and kidney weights, and increased severity of certain renal lesions. Thus, 3023
ppm was a LOAEL [LOAEL(HEC) = 1946 mg/cu.m], and 403 ppm [NOAEL(HEC) = 259
mg/cu.m] was a NOAEL for chronic exposure to female rats.

A two-generation reproduction study (Neeper-Bradley, 1991) of Sprague- Dawley rats lends
support to the NOAEL level determined in the Chun et. al. (1992) chronic study. In accordance
with current U.S. EPA risk assessment policy, no adjustment is made to approximate an
equivalent continuous exposure level for developmental endpoints (U.S. EPA, 1989a). As a
result, the NOAEL(HEC) for this developmental endpoint is higher than the NOAEL(HEC)
derived from the Chun et al. (1992) study.

Neeper-Bradley (1991) conducted a two-generation reproduction study in CD (Sprague-Dawley)
rats. Male and female rats were exposed to mean MTBE concentrations of 0, 402, 3019, and
8007 ppm over two generations. FO animals, 25/sex/concentration, were exposed for 10 weeks
and then bred once to produce F1 litters. Twenty-five pups/sex/group from the F1 generation
were selected randomly to be parents of the F2 generation and were exposed for at least 8 weeks
prior to mating. Exposures continued through mating, through day 19 of gestation, and from
lactation days 5-28 for both generations of parents. The rats were exposed for 6 hours/day, 5
days/week during the prebreeding exposure period and for 7 days/week during mating, gestation,
and postnatal periods. The approximate age of the FO animals at the start of prebreeding
exposures was 6 weeks. Prebreeding exposures for the selected F1 weanlings began 29-31 days
from birth. Parental animals were monitored for clinical signs of toxicity, food consumption, and
body weight. All FO and F1 parents were necropsied and examined for gross lesions; liver
weights of F1 parents were measured at necropsy. Upper and lower respiratory tracts and
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selected reproductive tissues from the high-concentration and control groups were examined
histologically, as were tissues with gross lesions. Offspring were evaluated for viability, survival,
body weight, and sex distribution.

Prebreeding exposures of 7977 ppm resulted in reduced food consumption during the first 2-3
weeks (FO and F1 males) and body weight and body weight gain reductions throughout the
exposure period (FO and F1 males and F1 females). Other signs of parental toxicity at 7977 ppm
included perioral wetness, hypoactivity, lack of startle reflex, ataxia, blepharospasm, and
increased relative liver weights (F1 generation only). At 3023 ppm, adult effects included
hypoactivity, lack of startle reflex, blepharospasm, increased relative liver weights (F1 males
only), and transient reductions in body weight (F1 males and females). The histopathologic
evaluation revealed no exposure-related lesions in the organs examined from males and females
of either parental generation. The NOAEL and LOAEL for paternal effects in this study were
403 and 3023 ppm, respectively, which support the effect levels designated for the principal
study (Chun et al., 1992).

Mating, fertility, and gestational indices were not adversely affected in either of the two parental
generations. Body weights, weight gains, and food consumption were similar for treated and
control groups throughout gestation. However, maternal exposure to 3023 and 7977 ppm resulted
in statistically significant reduced body weights and reduced body weight gains in F1 pups (p <
0.05 at 3023 ppm; p < 0.01 at 7977 ppm) and F2 pups (p < 0.01 for both exposure groups),
principally during the latter periods of lactation. A significant (p < 0.01) decrease in pup survival
in the F1 litter on lactation days 0-4 (precull) for the 7977-ppm exposure group (91.5% survival,
259/283) compared with controls (98.6%, 289/293) was attributed to the loss of an entire litter
(16 pups). The authors state that this loss was not related to MTBE toxicity, but no further
explanation is provided. In the 7977-ppm F2 litters, pup survival was reduced on postnatal day 4
(93.5% survival, 275/294) compared with controls (98.1%, 305/311). A NOAEL of 403 ppm
[1442 mg/cu.m; NOAEL(HEC) = 1442 mg/cu.m] and a LOAEL of 3023 ppm (10,816 mg/cu.m)
for reduced body weight and body weight gain in both F1 and F2 pups during postnatal
development (lactation period) were determined.

Biles et al. (1987) conducted a one-generation reproductive toxicity investigation. Sprague-
Dawley rats (15 males, 30 females/group) were exposed to MTBE concentrations of 0, 290,
1180, and 2860 ppm (0, 1046, 4254, and 10,311 mg/cu.m) (males) and 0, 300, 1240, and 2980
ppm (0, 1082, 4470, and 10,743 mg/cu.m) (females), 6 hours/day, 5 days/week, during the
premating interval (12 weeks for males, 3 weeks for females). There were two 5-day mating
intervals (two females for every male). Males (FO generation) continued to be exposed during
and between matings, whereas FO females were exposed 7 days/week on days 0-21 of gestation
and 5 days/week on days 5-20 of lactation. After unexposed litters (F1a) were weaned, the FO
males and FO females underwent another mating period with the same exposure regimen to




Integrated Risk Information System (IRIS) U.S. Environmental Protection Agency
Chemical Assessment Summary National Center for Environmental Assessment

produce a second litter (F1b). FO males were sacrificed after this mating period, and females
were sacrificed after the end of F1b weaning. Thus, FO males were exposed overall to MTBE for
approximately 28 weeks, and FO females were exposed for 16 weeks. These animals were
examined for gross changes, especially in their reproductive organs. Histopathologic
examination revealed an increased incidence of dilated renal pelves in females exposed to 300
(4/30, 13%) and 2980 ppm (5/30, 17%) compared with controls (1/30, 3%). However, this
finding was not observed at the mid concentration of 1240 ppm (0/30, 0%), which preclude
establishing an unequivocal concentration-response relationship. The pregnancy rate was not
significantly affected in either mating interval (F1a and F1b), although the F1b matings were
slightly reduced in the high-exposure group (18/25, 76%) compared with controls (22/25, 88%).
On day 4 of lactation, each litter with greater than 10 pups was culled. Pups were sacrificed on
day 21 of lactation. The pup viability indices at birth were slightly, but significantly, decreased
(p < 0.05) in the F1b litters of the dams exposed to 1240 (95.5% viability, 278/291) and 2980
ppm (95.5% viability, 234/245) compared with litters of controls (99% viability, 292/295). The
Fla litter's pup viability indices did not differ from controls. Pup survival in the Fla litter was
significantly decreased (p < 0.01) on lactation days 0-4 (precull) for the 300- (91.4% survival,
317/347) and 1240-ppm (89.1% survival, 205/230) exposure groups compared with controls
(98.2% survival, 324/330). However, the Fla high-exposure group displayed no reduction in pup
survival when compared to controls, and no reduction in pup survival was seen in the F1b litters.
Further, pup survival indices for lactation days 4-21 (post-cull) were not increased over controls.
Consequently, the reduced pup survival in the Fla low- and mid-exposure groups is not believed
to be a treatment-related effect. A NOAEL of 300 ppm [1082 mg/cu.m; NOAEL(HEC) = 1082
mg/cu.m] and a LOAEL of 1240 ppm (4470 mg/cu.m) (female rats) for decreased pup viability
in F1b litters were determined.

1.B.3. Uncertainty and Modifying Factors (Inhalation RfC)

UF — An uncertainty factor of 10 is applied to account for extrapolation to sensitive human
subpopulations. An additional factor of 3 is used to account for interspecies extrapolation. A full
10-fold adjustment for interspecies extrapolation is not deemed necessary due to the use of
dosimetric adjustments. An uncertainty factor of 3 is applied for database deficiencies because of
the lack of certain information from the chronic exposure bioassay (e.g., urinalysis results, serum
chemistry, and limited reporting of motor activity/clinical signs during exposure).

MF — None

1.B.4. Additional Studies/Comments (Inhalation RfC)

Information on human exposure to MTBE is limited. Humans are acutely exposed to MTBE as a
part of a medical treatment to dissolve cholesterol gallstones (Thistle, 1992). Injection of the gall
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bladder with a high dose of MTBE can be associated with several types of health effects (e.g.,
nausea, vomiting, sleepiness). Minor transient mucosal damage in the gallbladder has been
demonstrated with extensive exposure, but no clinically significant consequences have been
reported. One patient has been reported to have developed intravascular hemolysis and renal
failure following inadvertent extravasation of a large bolus of MTBE (Ponchon et al., 1988).
Reliable data from epidemiology studies of human exposure to airborne MTBE are not currently
available.

In a chronic inhalation study (Burleigh-Flayer et al., 1992), CD-1 mice (50 males, 50
females/group) were exposed to mean concentrations of 402, 3014, or 7973 ppm MTBE vapors
(1442, 10,816, or 28,843 mg/cu.m) for 6 hours/day, 5 days/week (duration-adjusted values are
258, 1288, and 2575 mg/cu.m, respectively) for 18 months. The control animals breathed air.
Hematology (all mice) and urinalysis (20 mice/sex) were performed halfway through the
experiment (control and high-concentration groups) and prior to final sacrifice (all groups). In
addition, corticosterone was measured on 10 mice/sex/group prior to sacrifice. Clinical signs,
body weights, organ weights, and food consumption were monitored. A complete necropsy and
histopathology, which included examination of the nasal turbinates and the lower respiratory
tract, was performed on all animals.

Male mice from the high-exposure group exhibited an increased mortality rate, probably due to a
slightly increased frequency of obstructive uropathy. However, the frequency of death due to this
disease in the high-concentration group was still within the range noted for historical controls
(Maita et al., 1988). Ataxia was observed in 50/50 animals (both sexes) exposed to the high
MTBE concentration. In addition, prostration was noted between days 25 and 522 in 8/50 female
mice exposed to the highest concentration (vs. 1/50 controls). Other effects reported in both
sexes of the high-concentration group included decreased body weight gain and absolute body
weight (not statistically significant for females), and a slight decrease in urinary pH. No
concentration-related hematologic effects were reported.

Concentration-related increases in liver weight (absolute and relative to body and brain weights)
were reported in both male and female mice. In the females, the liver weight increases were
statistically significant at all but the lowest exposure level (p < 0.01). In males, significant
increases in liver weights were observed at the lowest exposure level (p < 0.05), but the only
measure that indicated a concentration response was liver weight relative to brain weight (p <
0.05).

Absolute and relative male kidney weights were significantly increased in the lowest (p < 0.01)
and mid-exposure groups (p < 0.05), but, as with the male liver weights, the increases were less
than 10%, and a concentration- response relationship was not apparent (i.e., there was no
statistical difference at the high-exposure level and significance at the mid-exposure level was

10
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less than at the low-exposure level). Female kidney weights were only increased significantly (p
< 0.01) relative to body weight for animals exposed to the highest concentration.

Decreases in absolute brain weight were also reported in both sexes of the high-concentration
group (6% for both sexes; p < 0.01). Absolute and relative spleen weights were increased for the
high-exposure group females (p < 0.01), and absolute and relative adrenal weights were
increased for the high-exposure group males (p < 0.01).

Histopathologic evaluation revealed no lesions in any organ except the liver. An increased
incidence of hepatocellular hypertrophy was seen at the highest exposure level in both sexes, but
was only significant (p < 0.05) in the male mice.

The increased liver, kidney, and adrenal weights, as well as the decreased brain weights, reported
in this study at the highest exposure level are consistent with the subchronic rat study (Dodd and
Kintigh, 1989). Although statistically significant (p < 0.05) increases in both absolute and
relative liver and kidney weights were observed in the low- and mid-concentration groups, the
male liver and kidney weights did not tend to increase with increasing exposure concentration,
and the female liver and kidney weight increases (both absolute and relative) at the low- and
mid-concentration levels were only 9% or less over controls. The high-exposure level is
considered a LOAEL [LOAEL(HEC) = 2575 mg/cu.m] based on the significant increase in
absolute (females only) and relative liver weights (around 30%; p < 0.01), the increased
incidence of anesthetic effects, and the significant (as much as 24%) decrease in body weight.
The decreased survival time in the male mice may suggest that the highest concentration
exceeded the MTD, but it may also be due to increased frequency of a spontaneous obstructive
uropathy common in this strain of male mice. The mid-exposure level is considered a NOAEL
[NOAEL(HEC) = 1288 mg/cu.m] for this study.

In a subchronic inhalation study (Dodd and Kintigh, 1989), Fischer 344 rats (25/sex/group) were
exposed to mean concentrations of 797, 3920, or 8043 ppm MTBE vapors (2873, 14,133, or
28,998 mg/cu.m) for 6 hours/day, 5 days/week (duration-adjusted values are 513, 2524, and 5178
mg/cu.m, respectively) for 13 weeks. The control animals breathed air. The high-exposure
concentration was set at 50% of the LEL. Hematologic tests were performed before exposure
(5/sex/group) and during weeks 5 and 14 (10/sex/group) of the study. Clinical observations were
made of the groups; ophthalmic observations were made prior to the first exposure and at study
end; and body weights, organ weights (15/sex/group), and food consumption were monitored.
Ten rats/sex/group were perfusion-fixed for microscopic evaluation of the nervous system
tissues. Brain weights and measurements were taken on all perfusion-fixed rats, and light
microscopic evaluations were performed on the nervous system of 6/sex/group. The remaining
15 rats/sex/group received complete necropsy evaluations. Nasal turbinates (four sections),
trachea, and lung (three sections) were examined in the control and high-exposure groups and the
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lung only in the low- and mid-concentration groups. A battery of neurobehavioral tests was
performed on 15 rats/sex/group prior to first exposure and at exposure weeks 1, 2, 4, 8, and 13,
and motor activity was determined prior to first exposure and at exposure weeks 4, 8, and 13.

No treatment-related findings were noted for the respiratory tract. Lymphoid hyperplasia within
the submandibular lymph nodes of the males in the high-exposure group was noted, but no
reason was found for its occurrence.

Necropsy examination of nervous system tissue (10/sex/group) showed no evidence of
treatment-related changes in exposed animals compared with the controls. However, at both the
mid- and high-exposure levels, an absolute decrease in brain length was observed in male rats.
Reductions in absolute brain weight in both sexes were noted at the high-exposure level, but not
at the mid concentration. The authors observed no statistically significant changes in brain
weight, expressed as a percentage of body weight, nor in brain width. Nevertheless, the effect on
brain length was statistically significant (p < 0.05) and concentration related. Thus, this effect
was felt to be consistent with the toxicity observed in other organ systems.

Dodd and Kintigh (1989) also evaluated the neurotoxic effects of MTBE using an FOB for 10
rats/sex/group and a motor activity test for the remaining 30 animals from each group. The mid-
and high-concentration groups deviated from controls with respect to several FOB endpoints.
The authors cite elevated body temperature in the high-exposure group males (day 7) and in the
mid- and high-exposure group females (day 91). However, the overall downward trend in body
temperature across control and exposure groups suggests an anomaly in the test procedure and
calls to question the validity of these data. The authors note a decreased mean latency to rotate
on the inclined screen in low- (days 14 and 28) and mid-concentration (days 7, 14, and 28)
males. However, the data reported for this procedure are highly variable across groups and over
time. Decreased hind limb grip strength was observed in mid-concentration males (days 28 and
91), but increased hind-limb grip strength was observed in mid-concentration females (day 91).
Cumulative test- session motor activity was decreased for males exposed to the highest MTBE
concentration (28% at day 55) and increased for females exposed to the lowest (20% at day 55)
and mid concentrations (36% at day 55). The lack of a clearly defined concentration-response
relationship calls into question the toxicological significance of these data.

Slight hematologic alterations were observed in both male and female rats exposed to mid- and
high-exposure levels. All of these changes, however, were within the range of historical
measurements for this species (Charles River Breeding Laboratories, 1984). The most