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MTBE, a gasoline oxygenate, has contaminated drinking water sources for many years. Carcinogenicity
studies conducted in animals in the 1990s raised concerns of potential human health risks. Recent industrysponsored studies have confirmed the carcinogenic effects of this agent and have identified additional
sites of tumor induction (i.e., brain). However, the petroleum industry has attempted to portray these recent
findings as demonstrating either no effect or no concern for humans. Our paper briefly summarizes the new
findings and puts into perspective the totality of carcinogenic effects and health risks on this environmental
chemical.
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Chronic (18-month or 2-year) studies on the gasoline
oxygenate methyl tertiary butyl ether (MTBE) that
were reported in the 1990s showed exposure-related
increases in the incidences of kidney tumors and
testicular tumors in male F344 rats and liver tumors
in male and female CD-1 mice after inhalation
exposure,1 and testicular tumors in male Sprague–
Dawley rats and lymphomas-leukemias in female
Sprague–Dawley rats after oral (gavage) exposure.2
These studies were used to develop cancer-based
public health guidelines in California, New York,
other states, and internationally.
Two recently released chronic study reports of
MTBE in rats sponsored by the petroleum industry3,4
also found carcinogenic effects associated with
exposure to this chemical. This special contribution
provides a brief synopsis of the more recent studies.
We are continuing to review the thousands of pages
of documentation received to date on these studies;
thus, the information highlighted below must be
considered as preliminary and incomplete. However,
due to the seriousness of effects observed in these
studies, and public health concerns arising from the
increasing detections of MTBE in drinking water
supplies in the USA,5 it is prudent to provide an
initial summary of cancers documented to date.
A 2-year drinking water study of MTBE in male and
female Wistar rats was carried out at the Hamner
Institute (HI),3 with microscopic diagnoses performed
by pathologists from Experimental Pathology Laboratories. This work was carried out at the request of
the legal departments of ExxonMobil, Chevron, and
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Shell Oil. The study evaluated responses in three dose
groups plus a control group for each sex. Each group
was comprised of 50 animals. The planned drinking
water concentrations of MTBE were 0, 0.5, 3.0, and
7.5 mg/ml for males and 0, 0.5, 3.0, and 15.0 mg/ml for
females.
The HI study housed all animals of each gender in
one room, with MTBE, a volatile chemical, provided
ad libitum in water bottles. This resulted in airborne
exposures of all animals, including the intended
‘controls’, as documented in airborne measurements
taken at 6-month intervals. Due to their exposure, we
regarded ‘control’ animals as a ‘very low dose’
exposure group. The unintended exposures increased
the likelihood that cancer would be observed in
‘control’ animals, and therefore influences analyses of
pairwise comparisons between exposed groups and
‘controls’. Although it may have been difficult to
eliminate these unintended exposures, the data
analyses should have been based on the exposures
in the control groups.
An additional problem with exposure quantification resulted from the poor palatability of MTBE in
drinking water. This resulted in water consumption
levels that decreased with increasing concentrations
of MTBE. Water consumption was significantly
reduced in all of the intended exposure groups
compared to the ‘control’ groups. As a result of
spillage, volatile loss of MTBE from the drinking
water bottles during the study, and the unintentional
inhalation exposure of all animals, dose levels in this
study cannot be reliably calculated.
The most notable effect reported in the drinking
water carcinogenicity study of MTBE was a statistically significant trend in male rats for astrocytomas, a
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rare brain cancer.3 Although comparisons between
the concurrent control group and the exposure
groups are most valid for identifying chemicalinduced effects, comparisons with historical control
data are also helpful in interpreting treatment-related
effects; this is particularly true for rare tumors.6–8 Use
of historical control data is essential for this study
because it lacked a ‘true unexposed control’ group.
To address the comparison between the incidence of
astrocytomas in the high-dose group (8%) and in
historical controls, Dodd et al.3 relied on a 1994
report on spontaneous tumors in control Wistar rats,
which was based on 10 2-year studies conducted in
the 1980s.9 The early data listed a range of 0–8% for
astrocytomas in male rats. However, Dodd et al.3
neglected to note that a follow-up report by the same
authors reported a range of astrocytomas in control
male Wistar rats of 0–2% (based on five 2-year studies
conducted between 1990 and 1995).10 More importantly, the authors opted to ignore larger databases
reporting the incidence of astrocytomas in control
male Wistar rats of 0.35% among 3696 male rats in 2year studies at Harlan Laboratories.11 The difference
in incidence of astrocytomas in the high-dose group
of male rats (4/50, 8%) in the HI study compared to
the historical control incidence of this rare cancer in
male Wistar rats (13/3696, 0.35%) was highly
significant (P,0.0001 by a Fisher’s exact test).
Dismissing an important tumor result based on an
outdated outlier control rate of 8% is misleading and
lacks scientific credibility. We are still reviewing other
cancers that might have occurred at elevated rates in
this study.
The HI study had problems in addition to the
repeated exposure of controls and the misuse of
historical control data. Widespread infection and
inflammatory disease of the feet, referred to as
pododermatitis, occurred early in the study and
necessitated treatment and in some cases euthanization of animals. This finding was unexpected because
animals were housed in polycarbonate cages, eliminating the possibility of irritation from wire cage
floors. In addition, this disease occurred in young
animals that were not overweight. Ninety out of the
200 of the male rats (all exposure groups) were
affected.
Treatments for this condition included twice daily
application of triple antibiotics and disinfectants, such
as chlorhexidine. The potential impact of pododermatitis, stress responses, and pharmaceutical treatments
on the physiological, pharmacokinetic, or toxicological responses in animals exposed to MTBE are not
known.
Histopathological evaluations of the low-dose and
mid-dose groups were limited to gross lesions
identified at necropsy and to two specified target
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organs: brain and kidney. Severely limiting histopathology evaluations can result in an under diagnosis of lesions that are not detected by gross visual
inspection at necropsy. Although mention was made
of differences in diagnosis between the original and
quality assessment pathologists, a description of how
those differences were resolved was not included in
the final study report. The study also lacked a
pathology working group evaluation of the microscopic findings, which is recommended for all
carcinogenicity studies performed by the National
Toxicology Program.12 These shortcomings add to
the uncertainty regarding the thoroughness of the
pathological evaluations.
The second recent chronic (2-year) study sponsored
by the American Petroleum Institute (required under
TSCA), involved inhalation of evaporative emissions
from unleaded gasoline or gasoline containing
MTBE.4 Groups of 50 male and 50 female F344 rats
were exposed to total vapor concentrations of 0, 2,
10, or 20 g/m3 for both gasoline vapor condensates.
In the gasoline plus MTBE groups, the MTBE
concentrations were 0.4, 2, or 4 g/m3 (110, 555, or
1110 ppm).
All tumor incidence data were analyzed using a
two-sided test with a significance level set at P50.05,
rather than a one-sided test which is conventionally
used in carcinogenicity studies that are designed to
determine if an agent causes an increase in tumor
incidence compared to controls. Incidences of testicular tumors and mononuclear cell leukemia were
significantly increased in male rats exposed to the
evaporative emissions containing MTBE, but not
with exposures lacking MTBE. The authors of this
study4 discounted the leukemia findings by suggesting
that they were due to sampling bias in the low- and
mid-dose groups (spleens from 11 low-dose male rats
and 12 mid-dose male rats were not examined
microscopically). Since spleens from all male rats
should have been examined as a potential target
organ, the improper dismissal of this positive finding
reflects poor laboratory practice.
Incidences of kidney tumors in male rats were
significantly increased with exposure to gasoline
alone and gasoline plus MTBE. However, in the
high-dose groups, incidence of kidney tumors was
elevated only in the gasoline plus MTBE group. The
exposure concentration of MTBE in this study’s highdose group was less than 40% of the concentration of
MTBE that induced a significant increase in kidney
neoplasms in the previous study of MTBE by Bird
et al.1
Some significant effects observed in gasoline plus
MTBE exposure groups that were not highlighted by
the authors4 include increased incidences of mammary gland fibroadenomas in female rats and
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olfactory epithelial degeneration that was significantly increased in male rats and elevated but not
significantly in female rats.
Alpha2u-Globulin nephropathy has been hypothesized to be a male rat-specific, non-genotoxic modeof-action for the induction of kidney tumors by
MTBE.1,4,13,14 However, experimental data demonstrate that MTBE fails to meet several criteria
established by International Agency for Research
on Cancer15 and the US Environmental Protection
Agency16 for judging whether an agent might cause
kidney tumors by an alpha2u-globulin associated
response: (1) the MTBE metabolite, formaldehyde, is
a definite genotoxic chemical; (2) severe nephropathy
is induced by MTBE in female rats;1 (3) most of the
characteristic sequence of histopathological changes
associated with alpha2u-globulin nephropathy have
not been observed with MTBE; (4) much of the
accumulating protein in renal tubule cells of treated
rats is likely not alpha2u-globulin;17,18 (5) binding of
MTBE to kidney proteins is extremely weak; (6)
similarities in dose–response relationships for tumor
outcome and histopathological endpoints have not
been observed.
In summary, the recent studies on MTBE noted
above confirm and extend the carcinogenicity database
on this chemical. The totality of data shows that
MTBE induces neoplasms in multiple studies, at
multiple sites, by multiple routes of exposure (inhalation, oral gavage, and drinking water), in multiple
species and strains of laboratory animals, and in both
genders. In addition, exposure to MTBE is associated
with the induction of rare and uncommon tumors.
MTBE is rapidly absorbed after inhalation or oral
exposures, and distributed in the blood to all major
tissues.19 With substantial evidence of genotoxicity
now available, it is entirely plausible that MTBE
would cause cancer in multiple organs. Metabolism of
MTBE produces equimolar amounts of t-butanol and
formaldehyde,20 a genotoxic chemical and known
human carcinogen (causing nasopharyngeal tumors
and leukemia).21,22 Thus, the overall scientific evidence
on MTBE is consistent with criteria established by
national and international health agencies for classifying an agent in the absence of human data as a
‘probable human carcinogen’ (International Agency
for Research on Cancer),23 ‘reasonably anticipated to
be a human carcinogen’ (National Toxicology
Program),24 or ‘likely to be carcinogenic to humans’
(US Environmental Protection Agency).25 Hence, the
elimination of human exposures to MTBE continues to
be an important public health need.
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