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HUMAN-TOXICOLOGICAL MAXIMUM PERMISSIBLE RISK LEVELS FOR 
METHYL-tertiair-BUTYLETHER (MTBE) 

 
 
 
 
1.  INTRODUCTION  1) 
 
Methyl-t-butylether (MTBE) is a synthetic ether that is mainly used as a fuel additive: it replaces lead 
in gasoline, increasing the anti-knock rating. Next to this it serves as an intermediate in the production 
of isobutylene and as a process solvent in the pharmaceutical industry. In clinical practice MTBE is 
used to dissolve gallstones.  
At room temperature MTBE is a colourless liquid with a typical terpene-like odour.  
Table 1 summarises the physical-chemical properties of MTBE. 
 
Table 1. Physical-chemical properties of methyl-t-butylether (data taken  

from ECB 2002 and ECETOC 2003) 
Formula (CH3)3C–O–CH3

CAS no. 1634-04-4 

Molecular weight 88.15 

IUPAC name 2-methoxy-2-methylpropane 

Melting point –108.6 °C 

Boiling point 55.2 - 55.3 °C  

Density 0.741 g/cm3 (20 °C) 

Vapour pressure 270 hPa (20 °C), 330 hPa (25 °C) 

Henry's law constant 43.8 Pa.m3/mol (20 °C) 

Log Kow 1.06 (25 °C) 

Water solubility 42 g/L (20 °C), 83 g/L (0 °C) 

Odour threshold 0.19 mg/m3

Conversion factors 1 ppm = 3.604 mg/m3; 1 mg/m3 = 0.278 ppm (25 °C) 
1 ppm = 3.665 mg/m3; 1 mg/m3 = 0.273 ppm (20 °C) 

 
 
In the scope of soil intervention values MTBE has been evaluated in 1994 and reported in 1995 
(RIVM, 1995); a TDI of 900 µg/kg bw/day and a TCA of 500 µg/m3 were derived.  
The TDI was based on a 90-day study with rats orally dosed (gavage) with MTBE at 0, 100, 300, 900 
and 1,200 mg/kg bw/day (Robinson et al. 1990). Decreased body weights and profound (reversible) 
anaesthesia were observed at the highest dose level; the NOAEL was 900 mg/kg bw/day. 
The TCA was based on a 90-day inhalation study with rats exposed to MTBE at 0, 2,880, 14,400 and 
28,800 mg/m3 for 6 h/day, 5 days/week (Dodd and Kintigh 1989). At the medium and the high dose 
level slight growth retardation, decreased brain weight and length, and increased liver, kidney and ad-

                                                           
1) Abbreviations: bw body weight 
  LOAEL lowest observed adverse effect level 
  NOAEL no observed adverse effect level 
  TCA tolerable concentration in air 
  TDI tolerable daily dose 
  UF uncertainty factor 
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renals weights were observed. Specific neurotoxic effects were not seen. The NOAEL (adjusted for 
exposure duration) in this study was 515 mg/m3. 
Both the TDI and the TCA were derived applying UFs of 10x10 for inter- and intraspecies extrapola-
tion, and an additional UF of 10 for limited duration of the studies and database deficiencies. 
Ad-hoc re-evaluations were done in 1997 (renewed TCA based on new data; RIVM 1997) and in 2002 
(renewed TDI as the basis for a drinking water guideline; RIVM 2002).  
In 1997 a TCA of 2.6 mg/m3 was derived based on the NOAELs of 1,440 mg/m3 (6 h/day, 5 
days/week) in two chronic inhalation studies with rats and mice (Chun et al. 1992, Burleigh-Flayer et 
al. 1992). This NOAEL is equivalent with a NOAEL (adjusted for exposure duration) of 260 mg/m3. 
With a UF of 100 (10 for inter- and 10 for intraspecies differences) this resulted in a TCA of 2.6 
mg/m3. 
In 2002 a renewed TDI was derived based on the draft European risk assessment in which it was con-
cluded that the 90-day study cited above (Robinson et al. 1990) actually showed slight kidney and 
liver toxicity at 900 mg/kg bw/day, with a NOAEL of 300 mg/kg bw/day. RIVM adopted this conclu-
sion, and consequently derived a TDI of 300 µg/kg bw/day (applying the same UFs as was done in the 
evaluation of 1995). 
The background exposure was unknown.  
Relevant route in case of soil contamination: oral and inhalation. 
Basis for the current evaluation were the evaluations by US-EPA (1993), Health Council of the Neth-
erlands (GR, 1994), ATSDR (1996), IPCS (1998), IARC (1999), ECB (2002), and ECETOC (2003). 
 
 
2. TOXICOLOGY 
 
2.1. Toxicokinetics 
 
Absorption 
MTBE is rapidly and well absorbed following oral and inhalation exposure. In rats oral absorption is 
virtually complete, while inhalation absorption was approximately 50% (Miller et al. 1997, BRL 
1990b). For humans no firm data on oral absorption are available, but the limited data indicate similar 
uptake kinetics compared with rats. Inhalation absorption by humans was reported to vary between 32 
and 49% with an average of 38% (Pekari et al. 1996, Nihlén et al. 1998, Prah et al. 2000). Following 
occluded exposure, dermal absorption in rats is about one-third of the oral rate, but it is assumed that 
non-occluded skin contact results in lower bioavailability, mainly due to MTBE's high volatility 
(Miller et al. 1997, BRL 1990a-d, 1991, Prah et al. 2000). 
 
Distribution 
MTBE is distributed extensively in the mammalian body. It is moderately soluble in blood, and 7-10 
times more soluble in fat tissues. Solubilities in rat liver and muscle were quite similar to that in blood, 
but in male rat kidney it was 6 times higher than in blood (Borghoff et al. 1990), which is believed to 
be species- and sex-specific: there is strong evidence that MTBE interacts with α2u-globulin (a protein 
specifically occurring in male rat kidney; Poet and Borghoff 1997, Prescott-Mathews et al. 1999).  
In rats whole body exposed to MTBE at 50 - 300 ppm (180 - 1,100 mg/m3) for periods from 2 to 15 
weeks, tissue concentrations were directly exposure-related throughout the whole study period (Savo-
lainen et al. 1985). 
 
Biotransformation 
In rats and humans MTBE is oxidatively metabolised to t-butanol (TBA) and formaldehyde (only ob-
served in vitro); formaldehyde is known to be rapidly metabolised to formic acid and CO2, or becomes 
incorporated into the one-carbon pool (McMartin et al. 1979, Savolainen et al. 1985, Miller et al. 
1997, Nihlén et al. 1998, 1999; Amberg et al. 1999). TBA in turn is metabolised to 2-methyl-1,2-
propanediol and 2-hydroxyisobutyric acid; next to these, low amounts of free TBA, TBA-glucuronide, 
and another conjugate (probably TBA-sulphate) were identified in urine. After inhalation exposure of 
rats and humans more than half of the MTBE retained in the body was biotransformed to urinary me-
tabolites and less than half was exhaled unchanged, however, rats exposed to a high level (8,000 ppm 
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during 6 h, approx. 30 gram per m3) the main part was exhaled indicating metabolic saturation (Miller 
et al. 1997, Nihlén et al. 1998,  Amberg et al. 1999). The biotransformation of MTBE is depicted in 
fig. 1. 
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Figure 1. Biotransformation of MTBE 
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Excretion 
With all routes of administration, MTBE given to rats is rapidly removed from the blood by exhalation 
and by biotransformation to TBA. Elimination is rapid and largely completed within 24 h after ad-
ministration. Metabolites are mainly excreted in the urine; less than 2% is found in the faeces. At 
higher doses a higher proportion of MTBE is exhaled, indicating saturation of metabolic pathways. 
The apparent plasma half life of MTBE is in the range of 0.45 to 2.3 h. Following administration of 
radiolabelled MTBE to rats, the excretion of radioactivity via expired air was virtually complete 3 h 
after treatment, and consisted mainly of parent compound. The results of all kinetic experiments indi-
cate that the general elimination of MTBE is not route or sex dependent, and is rather similar in ex-
perimental animals and in humans (Leuschner et al. 1991, Johanson et al. 1995, Pekari et al. 1996, 
Miller et al. 1997, Nihlén et al. 1998, Dekant et al. 2001).  
After exposure to MTBE, TBA is found in blood for a longer period and at higher concentrations than 
MTBE. The elimination half-life of TBA in blood is approximately 3 h in rats (BRL 1990a, b) and 
approximately 10 h in humans (Prah et al. 2000).  
It can be concluded that MTBE or its metabolites will not accumulate in the human body to a signifi-
cant extent (ECB 2002)+.  
 
2.2. Acute toxicity 
 
Animal studies 
Symptoms of acute toxicity after oral exposure included hunching, piloerection, hypoactivity, hy-
perpnea, prostration and muscular weakness. High dose levels also provoke inflammation of the stom-
ach and intestine. The oral LD50 is 3.8 - 3.9 gram per kg bw (ARCO 1980, RBM 1996c).  
Inhalation resulted in irritation of eyes and nose, lack of co-ordination, and irregular and rapid breath-
ing. In another study ataxia, tremors, lacrimation, muscular contractions and hypoactivity were ob-
served. In surviving animals congestion of blood in the lungs was seen. The LC50 is 85 - 120 mg/L (4 
h exposure; Mastri et al. 1969, ARCO 1980). 
Dermal exposure of rats to 2 gram per kg bw resulted only in slight erythrema at the sight of applica-
tion, signs of systemic toxicity were not noted (RBM 1996c). In two rabbit studies (doses of 6.8 and 
10.2 gram per kg bw) erythrema and slight to moderate oedema were reported; mortality did not oc-
cur; the LD50 was reported to be > 10 gram per kg bw (Mastri et al. 1969, ARCO 1980).  
 
Human studies 
In humans treated with MTBE for dissolution of gallstones or bile duct stones usually small quantities 
are instilled by a transhepatic or nasobiliary catheter during up to 7 days, to a total volume of 30 - 480 
ml (Neoptolemos et al. 1990, Leuschner et al. 1991). During dissolution treatment in 5-25% of the pa-
tients mild complications were seen, including nausea, drowsiness, vomiting, and local burning sensa-
tions. In human volunteer studies with inhaled MTBE mild symptoms of central nervous system toxic-
ity were reported (Prah et al. 1994, Nihlén et al. 1998). 
 
2.3. Irritation 
 
Skin 
Rabbit skin exposed to MTBE for 4 h under occlusion (according to OECD guidelines) showed one h 
after exposure moderate to severe oedema and moderate erythrema, these effects lasted 8 days (Mür-
mann 1985). Another similar study with rabbits resulted in slight erythrema but no oedema (RBM 
1996a). MTBE can be considered a skin irritant, but it is not corrosive (ECB 2002). 
 
Eye 
An eye irritation study with rabbits (according to OECD guidelines) resulted in redness of the conjuc-
tiva and inflammation of the iris starting one h after application which lasted for 72 h (RBM 1996b). 
Several Draize tests showed transient corneal opacity and irritation to the iris and conjunctiva, these 
effects were all reversible (Mastri et al. 1969, Cuthbert 1979). Despite MTBE's slight eye-irritating 
properties, on the basis of the EU guidelines it is not classified as an eye irritant (ECB 2002). 
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Respiratory tract 
MTBE vapours caused slight to transient irritation of the respiratory tract of experimental animals: a 
sensory irritation threshold (13% reduction of breathing rate) of 300 mg/m3 was reported, there were 
no indications of lung injury (Tepper et al. 1994). 
 
Sensitisation 
A Magnusson-Kligman maximisation test with guinea pigs did not show hypersensitivity reactions 
(Cuthbert 1979); also another sensitisation study was negative (ARCO 1980). MTBE is considered not 
sensitising in guinea pigs (ECB 2002). 
 
Human studies 
At 270 mg/m3 during 2 h (with light physical exercise) MTBE caused subjective symptoms of irrita-
tion of the respiratory tract and heaviness in the head in young non-smoking healthy volunteers; these 
symptoms were not recorded at 180 mg/m3. Objective symptoms of eye or nose irritation could not be 
found (Prah et al. 1994, Johanson et al. 1995, Cain et al. 1996, Riihimäki et al. 1996, Nihlén et al. 
1998). Observations on sensitising potential in humans are not available (ECB 2002). 
 
2.4. Mutagenicity 
 
MTBE 
Out of nine bacterial gene mutation tests with Salmonella typhimurium, only one (with metabolic acti-
vation) was positive, but the metabolic activation could have been responsible for formaldehyde in-
volvement. The same holds for the one positive result in two mouse lymphoma gene mutation tests. 
One in vitro UDS test (rat hepatocytes) was positive, but two other well-conducted tests were nega-
tive. Two gene mutation tests with CHV79 cells were negative, as was a chromosome aberration test 
with CHO cells. Two SCE tests with CHO cells and a mouse micronucleus tests were also negative 
(ECB 2002). 
Of the reported in vivo tests, a sex-linked recessive lethal test in Drosophila melanogaster, a mouse 
UDS test, a mouse spleen lymphocyte gene mutation test, two mouse erythrocyte micronucleus tests, a 
rat cytogenetic bone marrow test, and a rat bone marrow chromosome aberration test were all nega-
tive. Only a Comet assay on rat lymphocytes was positive, but the biological significance of this test 
result is questionable (ECB 2002). Based on the available information, MTBE cannot be considered a 
mutagen (ECB 2002). 
 
Formaldehyde and TBA 
Formaldehyde is mutagenic in a number of in vitro assays, but this activity decreases when S9 is 
added, indicating rapid conversion of formaldehyde to non-mutagenic products (such as formate) 
(ECB 2002). Also experiments with endogenously produced formaldehyde suggested strongly that the 
rate of formation of formaldehyde from MTBE was slow relative to its rate of oxidation to formate 
and incorporation in the one-carbon pool of the organism (Casanova and Heck 1997). 
TBA has been tested for its ability to induce gene mutations in several Salmonella typhimurium 
strains, but the results were negative, with as well as without S9 metabolic activation. A mouse lym-
phoma cell assay scored positive regarding forward mutations, but the results could not be reproduced. 
Chromosome aberration tests with CHO cells were negative. Also an in vivo micronucleus test in 
mouse erythrocytes was negative (NTP 1995, 1997). 
 
2.5. Subacute and subchronic toxicity  
 
In several subacute and subchronic studies with rats and mice the principal target organs were liver 
and kidneys; generally adverse effects were seen at LOAELs for oral exposures ≥  300 mg/kg bw/day 
and inhalation exposures ≥  10 gram/m3. The studies are summarised in table 2. Degenerative changes 
and protein droplet nephropathy of the male rat kidney proximal tubules are most commonly seen. In 
the inhalation studies up to 3.5 gram/m3 only slight indications of kidney toxicity are seen: at 15 gram 
per m3 male rats showed clear protein droplet formation. Of the oral studies, Williams et al. (2000) 
noted protein droplet nephropathy visible in light microscopy in male rats at 250 mg/kg bw/day. The 
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90-day study by Robinson et al. (1990) reported this only at 1,200 mg/kg bw/day, while Zhou and Ye 
(1999) mentioned no signs of nephropathy up to 1,000 mg/kg bw/day in the same rat strain. Most stud-
ies also reported increased liver weight; Zhou and Ye (1999) noted morphological changes of the 
smooth endoplasmatic reticulum visible only in electron microscopy, while Williams et al. (2000) ob-
served centrilobular hypertrophy in light microscopy at 500 mg/kg bw/day. Hypertrophy and the sub-
sequent weight increase and smooth endoplasmatic reticulum changes are typically adaptive liver re-
sponses which do not appear to result in irreversible or anatomical impairments. The kidney changes 
are most probably associated with α2u-globulin and its accumulation, this phenomenon is discussed in 
the next paragraph (2.6). 
 
Table 2. Summary of subacute and subchronic studies with MTBE  

(data taken from ECB 2002 and ECETOC 2003) 
Duration/route Species Effects NOAEL  Reference 
14 d, oral 
(gavage) 

Sprague-Dawley rat increased kidney weight, decreased 
lung weight, kidney hyaline droplet 
formation 

<357 mg/kg bw Robinson et al. 
1990 

28 d, oral 
(gavage) 

Sprague-Dawley rat increased kidney weight, hyaline 
droplet formation in kidney proximal 
tubular cells 

90 mg/kg bw IITRL 1992 

28 d, oral 
(gavage) 

Sprague-Dawley rat nephropathy, kidney hyaline droplet 
formation, increased liver weight 

<250 mg/kg bw 
(LOEL for mi-
nor effects) 

Williams et al. 2000 

90 d, oral 
(gavage) 

Sprague-Dawley rat kidney hyaline droplet formation, 
increased liver and kidney weight, 
AST, LDH and cholesterol, decreased 
body weight gain and blood urea 
nitrogen  

300 mg/kg bw Robinson et al. 
1990 

90 d, oral 
(gavage) 

Sprague-Dawley rat increased liver and kidney weight, 
morphological changes in hepatocyte 
structure 

<200 mg/kg bw 
(LOEL for mi-
nor effects) 

Zhou & Ye 1999 

28 d, inhalation 
(6 h/d, 5 d/wk) 

Fischer-344 rat increased liver and kidney weight, 
kidney proximal tubular cell pro
eration 

lif-
1,440 mg/m3  *) Chun & Kintigh 

1993 

28 d, inhalation 
(6 h/d, 5 d/wk) 

CD-1 mouse increased liver weight, liver cell pro-
liferation 

1,440 mg/m3  *) Chun & Kintigh 
1993 

90 d, inhalation 
(6 h/d, 5 d/wk) 

Sprague-Dawley rat females: depressed lung weight; 
males: increased haemoglobin, blood 
urea nitrogen and LDH 

1,800 mg/m3  *) Greenough et al. 
1980 

90 d, inhalation 
(6 h/d, 5 d/wk) 

Fischer-344 rat abnormalities in kidney proximal 
tubular cells, changed hormone lev-
els, alteration in red blood cell pa-
rameters 

2,900 mg/m3  *) Dodd & Kintigh 
1989, Lington et al. 
1997 

AST: aspartate amino transferase 
LDH: lactate dehydrogenase 
*) for exposure of 6 h/day, 5 days/week 
 
 
2.6. Chronic toxicity and carcinogenicity 
 
The chronic toxicity and potential carcinogenicity of MTBE has been studied in well-conducted long-
term inhalation studies in CD-1 mice (Burleigh-Flayer et al. 1992, Bird et al. 1997) and Fischer-344 
rats (Chun et al. 1992, Bird et al. 1997). A Sprague-Dawley rat oral intubation study has been reported 
by Belpoggi et al. (1995, 1998). 
F-344 rats (50 of each sex) were exposed to 0, 400, 3,000 or 8,000 ppm MTBE (equivalent with 0, 
1,440, 10,800 or 28,800 mg/m3) for 6 h/day, 5 days/week during two years. High dosed animals 
showed decreased body weight gain. Mortality occurred in all male dose groups and was dose-related. 
Relative liver and kidney weights were increased in the two highest dose groups (males and females). 
The predominant finding at necropsy was an increased frequency of chronic progressive nephropathy 
in treated males. Tumour incidences are summarised in table 3.  
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CD-1 mice (50 of each sex) were exposed to 0, 400, 3,000 or 8,000 ppm MTBE (equivalent with 0, 
1,440, 10,800 or 28,800 mg/m3) for 6 h/day, 5 days/week during 18 months. A slight increase in mor-
tality was seen in high dosed males. Body weight, body weight gain, and brain weights were decreased 
in high dosed males and females. Kidney weights and relative liver weights were dose-relatedly in-
creased in all treated males, but at the lowest dosage the increases were only minor and not considered 
adverse. Absolute and relative adrenal weights were increased in high-dosed males, and absolute kid-
ney and spleen weights were increased in high-dosed females. At he end of the study both sexes had 
an increased corticosterone level at the highest dose (significant for males). Tumour incidences are 
summarised in table 3. 
Sprague-Dawley rats (60 of each sex) were given MTBE in olive oil (gavage) at doses of 0, 250 or 
1,000 mg/kg bw at all days except Wednesdays and the weekend (resulting in total weekly doses of 0, 
1,000 or 4,000 mg/kg bw/week, or average daily doses of 0, 143 or 571 mg/kg bw/day), for two years. 
The test animals had no treatment-related adverse clinical signs, and neither gross examination at ne-
cropsy nor microscopic examination did reveal any adverse changes that were not tumour-related. In 
the high dose group mortality was lower than in the two other groups. Unfortunately the report of this 
chronic oral study is inadequate in many aspects, including the (lack of) observations on systemic 
toxic effects and the applied statistics (ECB 2002, ECETOC 2003). Tumour incidences are summa-
rised in table 4. 
 
Table 3.  Tumour incidences in F-344 rats and CD-1 mice inhalatory exposed to MTBE  

(data taken from ECB 2002 and ECETOC 2003) 
Dose (mg/m3, 6 h/day, 5 days/week) Tumour type 

0 1,440 10,800 28,800 
Fischer-344 rats (24 months) 
  parathyroid adenomas 0/50 0/50 4/50 1/50 
  renal tubular cell adenomas and/or carcinomas 1/50 0/50 8/50 # 3/50 
  testicular interstitial cell adenomas 32/50 35/50 41/50 * 47/50 * 
CD-1 mice (18 months) 
  hepatocellular adenomas and/or carcinomas (males) 12/49 12/50 12/50 16/49 
  hepatocellular adenomas and/or carcinomas (females) 2/50 2/50 2/50 11/50 * 
  cystic hyperplasia of uterine endometrium (females) 26/50 17/48 15/50 # 6/50 * 

#  statistically significantly different from controls (p<0.05) 
*  statistically significantly different from controls (p<0.01) 
 
Table 4.  Tumour incidences in Sprague-Dawley rats orally exposed to MTBE  

(data taken from ECB 2002 and ECETOC 2003) 
Dose (mg/kg bw, 4 days/week, 2 years) Tumour type 

0 250 1,000 
lymphomas and leukaemias (females) 2/60 7/60 12/60 * 
testicular interstitial cell adenomas 2/60 2/60 11/60 #

#  statistically significantly different from controls (p<0.05) 
*  statistically significantly different from controls (p<0.01) 
 
 
Relevance of tumours following chronic exposure to MTBE 
Kidney tumours in F-344 rats 
The male rat kidney secretes several milligrams of α2u-globulin per day which is normally cleared via 
the urine. A similar protein has never been found in human kidneys. Many xenobiotics cause an over-
load of α2u-globulin in male rats, the so-called α2u-globulin syndrome, which is initiated by binding 
of the xenobiotic to α2u-globulin, making it more resistant to hydrolysis (Borghoff et al. 1990, Borg-
hoff 1993). This leads to an accumulation of hyaline droplets and damage to the proximal convoluted 
tubule, finally resulting in chronic progressive nephropathy and in the long term urothelial hyperplasia 
and ultimately tubular neoplasia. Many studies indicate that α2u-globulin-associated nephropathy is 
the mechanism in MTBE induced kidney tumour formation in male rats (Robinson et al. 1990, Bird et 
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al. 1997, Prescott-Mathews et al. 1997, 1999). Hence for man these tumours are considered irrelevant 
(ECB 2002). 
Leydig cell tumours in F-344 and Sprague-Dawley rats 
Testicular interstitial cell adenomas are characteristic for Leydig cell tumourigenesis, and occur spon-
taneously at high rates (up to >90%) and strongly age-related in ageing rats, particularly (but not lim-
ited to) F-344 rats. A disturbance of the hormonal balance (reduced testosterone or estradiol followed 
by compensation through increasing levels of LH) has been suggested as a possible mechanism. Al-
though decreased testosterone (and increased corticosterone) levels were found following exposure to 
MTBE (Day et al. 1998,  Allgaier and De Peyster 1999, Williams et al. 2000), increasing LH levels 
were not found. Historical data record a spontaneous incidence of Leydig cell tumours in F-344 con-
trol rats of at average 89% (Haseman et al. 1990). In the MTBE-studies of Chun et al. (1992) and Bel-
poggi et al. (1995) cited above, significant increases are only seen at the highest or two highest doses, 
and the dose-response relationship is rather weak or even absent. Moreover, in the oral study mortality 
in the high dose group was lower than in the two other groups, which might have skewed the inci-
dences of Leydig cell tumours. In conclusion, there is evidence that MTBE causes an increased inci-
dence of Leydig cell tumours in rats. The interpretation of these results is hampered by the limited 
data, and also because it is not clear if and how the differences in anatomy and physiology between rat 
and human testes influence the susceptibility to Leydig cell tumourigenesis. In humans testicular can-
cer is rare: about 1% of all human neoplasms. Of these testes cancers only 2-3% are Leydig cell tu-
mours. This suggests an important difference in sensitivity or behaviour in Leydig cells between rat 
and man. In conclusion the relevance to humans of the observed increase in Leydig cell tumourigene-
sis is probably low (ECB 2002). 
Haematopoietic neoplasms in Sprague-Dawley rats 
In the oral rat study an increasing incidence of lymphoma/leukaemia in females was reported, but 
there were no signs of neoplastic lymphoid cell changes in the carcinogenicity inhalation studies with 
F-344 rats and CD-1 mice. The report of the oral Sprague-Dawley rat study is inadequate in many as-
pects (ECB 2002, ECETOC 2003), resulting in a low level of confidence of the results. The tumours 
may be of relevance, but on the basis of this low-quality study firm conclusions are not possible (ECB 
2002). 
Parathyroid neoplasia in F-344 rats 
The proliferative changes seen in the parathyroid of male F-344 rats are likely due to hyperparathy-
roidism which is commonly seen in cases where the parathyroid compensates for hypercalcaemia 
caused by, e.g., chronic renal failure (ECB 2002). 
Liver tumours in CD-1 mice 
The increase in adenoma incidence was only seen in females at the highest dose, suggesting female 
specificity. It has been postulated that interference of MTBE in oestrogen-affected tissues may play a 
role in mouse liver tumour formation. MTBE, however, was shown not to have tumour-promoting ac-
tivity (Moser et al. 1997). In conclusion, MTBE causes changes in oestrogen-sensitive tissues without 
affecting serum oestrogen levels. There may be a connection with these changes and the increased in-
cidence of liver adenomas seen in female mice at high dose, but there is no evidence to corroborate 
such a theory. The relevance of these tumours to man is questionable (ECB 2002). 
 
Conclusion on chronic toxicity/carcinogenicity 
MTBE produces tumours in mice and rats at doses ≥  10,800 mg/m3 (6 h/day, 5 days/week) after 
chronic inhalation exposure, and in rats at chronic oral doses ≥  250 mg/kg (4 days/week). There is no 
evidence of a genotoxic mode of action, and the tumours appear mostly at very high and systemically 
toxic doses. Based on the weight of evidence on carcinogenicity and genotoxicity, the threshold ap-
proach can be applied. 
 
2.6. Reproductive and developmental toxicity 
 
Reproductive toxicity 
In a one-generation inhalation study with Sprague-Dawley rats whole body exposed to 0, 900, 3,600 or 
9,000 mg/m3 MTBE (6 h/day, 5 days/week before, during and after mating and lactation), parent ani-
mals showed no signs of toxicity. Pup viability was significantly lower in the mid- and high dose 
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groups of the F1b litter, but no such changes were seen in the F1a litter (Biles et al. 1987). However, 
the viability of control F1b litter was 99.0% while the viability of the control F1a litter was 97.6%, 
which may have skewed the significant difference seen. 
In a two-generation inhalation study with Sprague-Dawley rats whole body exposed to 0, 1,440, 
10,800 or 28,800 mg/m3 MTBE (6 h/day, 5 days/week before, during and after mating and lactation), 
there were general signs of (parental) toxicity at the two highest dose groups in both generations of 
parent animals. No significant changes in the reproduction parameters could be seen even at the high-
est dose. Some toxicity was also recorded for pups in the F1 and F2 generations in terms of pup viabil-
ity and survival, but this was not considered of biological significance (Bevan et al. 1997a). The 
NOAEL for maternal toxicity was 1,440 mg/m3. 
It can be concluded that MTBE does not cause significant toxicity to reproduction in Sprague-Dawley 
rats (ECB 2002). 
 
Developmental toxicity 
Effects of MTBE on development have been investigated in a number of studies in mice, rats and rab-
bits, by exposure of pregnant animals at certain days of gestation to MTBE vapours ranging from 900 
to 28,800 mg/m3.  
In a rat and a mouse study MTBE was not maternally toxic, embryotoxic or teratogenic at exposures 
up to 9,000 mg/m3 (which was the highest exposure in these two studies; Conaway et al. 1985).  
In another mouse study animals were exposed to 0, 3,600, 14,400 or 28,800 mg/m3 MTBE vapour. 
Maternal toxicity was seen at 14,400 and 28,800 mg/m3; also gestation parameters were affected at 
these concentrations. At the highest dose there was a significant increase in the incidence of cleft pal-
ate (Tyl and Neeper-Bradley 1989, Bevan et al. 1997b). The NOAEL for maternal and developmental 
toxicity was 3,600 mg/m3. 
In a rabbit study pregnant animals were exposed to similar MTBE concentrations. The two highest 
exposure levels were maternally toxic, but there were no treatment-related effects on gestation p
rameters (Tyl 1989, Bevan et al. 1997b). The NOAEL for maternal toxicity was 3,600 mg/m

a-
3, the 

NOAEL for developmental toxicity was at least 28,800 mg/m3.  
In conclusion it can be stated that MTBE does not appear to induce adverse foetal development at ex-
posure levels that do not cause maternal toxicity (ECB 2002). 
 
 
3. EVALUATION 
 
RIVM adopts the conclusions of the recent European risk assessment report (ECB 2002). The princi-
pal studies are summarised in tables 5 and 6.  
The weight of evidence indicates that MTBE is not genotoxic. The substance induced testicular (Ley-
dig cell) tumours in male rats (F-344 and Sprague-Dawley), renal tumours in male rats (F-344), liver 
tumours in female mice (CD-1) and lymphomas and leukaemias in female rats (Sprague-Dawley).  
All investigations on nephrotoxicity are consistent with the renal tumours observed in F-344 rats being 
related to α2u-globulin nephropathy, an effect considered specific to male rats and thus of no rele-
vance to humans (IPCS 1998, ECB 2002).  
Leydig cell tumours have been induced in two strains of rats. This tumour type has been reported to be 
induced by non-genotoxic carcinogens that disturb the hormonal balance of testosterone, luteinizing 
hormone and luteinizing hormone releasing factor in rats. Due to the differences between rats and hu-
mans in the regulation of gonadotropins it is questionable that a similar effect will occur in humans.  
Liver tumours have been induced in female mice. The effect was modest and occurred only at high 
doses and in association with hepatocellular hypertrophy and altered oestrogen metabolism. The rele-
vance of these mouse liver tumours for human risk assessment is considered questionable (IPCS 1998, 
ECB 2002).  
In an oral study with rats (Sprague-Dawley) the frequency of lymphomas and leukaemias were in-
creased in the high dose group females, but this effect was not supported by any indication of relevant 
effects of the lymphoid system in other studies. Moreover, the description of the study makes it diffi-
cult to evaluate the results in an adequate way (IPCS 1998, ECB 2002). 
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In line with the previous RIVM-evaluation, the two-year chronic toxicity/carcinogenicity inhalation 
study with rats (Chun et al. 1992) is considered the pivotal study for derivation of the TCA. The 
NOAEL in this study is 1,440 mg/m3 for a chronic exposure of 6 h/day, 5 days/week. Corrected for 
exposure duration this results in a NOAEL of 6/24 x 5/7 x 1440 = 260 mg/m3. Application of a UF of 
100 (10x10 for inter- and intraspecies variation; RIVM 1997) results in the TCA of 2.6 mg/m3. 
In previous RIVM-evaluations the TDI has been derived from the subchronic (90-day) oral (gavage) 
study with rats of Robinson et al. (1990). Evaluation of the chronic (2-year) oral (gavage) study of 
Belpoggi et al. (1995) shows that this study does not provide the solid information which is needed to 
justify a correction of the previously derived TDI. The study of Zhou and Ye (1999) does not report 
detectable changes by light microscopy - in contrast to many other studies - and only observed nephro-
toxicity at higher dosages (≥  1,000 mg/kg bw/day). By electron microscopy some hepatocellular ef-
fects were seen (with a LOEL of ≤  200 mg/kg/day), but these are considered not to be adverse. Wil-
liams et al. (2000) focussed mainly on endocrine effects with less attention for other toxicologically 
relevant endpoints, observing at the LOEL (≤  250 mg/kg bw/day) only an increase in kidney weight. 
Consequently the study of Robinson et al. (1990) is still considered the pivotal one. The NOAEL of 
300 mg/kg bw/day and the application of a UF of 1000 (10x10 for inter- and intraspecies differences, 
and an additional 10 for limited duration of the study and database deficiences; RIVM 2002) results in 
the TDI of 0.3 mg/kg bw/day.  
 
Table 5. Principal adverse effects and NOAELs in MTBE inhalation studies 
Species Exposure Effects NOAEL 

(mg/m3) 
Reference 

Man 0.19 mg MTBE per m3 odour threshold - Prah et al. 1994 
Man 2 h slight irritation of respira-

tory tract, head heaviness 
180 Johanson et al. 1995, 

Riihimäki et al. 1996 
Rat 90 days subchronic toxicity liver and kidney toxicity 2,880 *) Dodd and Kintigh 1989 
Rat 24 months chronic toxicity and 

carcinogenicity 
liver and kidney toxicity, 
kidney tumours (m) 

1,440 *) Chun et al. 1992 

Mouse 18 months chronic toxicity and 
carcinogenicity 

liver and kidney toxicity, 
liver tumours (f) 

1,440 *) Burleigh-Flayer et al. 
1992 

Rat 2 generations reproductive toxicity Parental toxicity (no repro-
ductive toxic effects) 

1,440 *) Bevan et al. 1997a 

Mouse gestation day 6-15 developmental 
toxicity 

Maternal toxicity, secon-
dary developmental toxicity 

3,600 *) Tyl & Neeper-Bradley 
1989, Bevan et al. 
1997b 

*) for exposure of 6 h/day, 5 days/week 
 
Table 6. Principal adverse effects and NOAELs in MTBE oral studies 
Species Exposure Effects NOAEL 

(mg/kg bw/day) 
Reference 

Rat 90 days (gavage) kidney and liver toxicity 300 Robinson et al. 1990 
Rat 90 days (gavage) liver and kidney toxicity <200 (LOEL for 

minor effects) 
Zhou & Ye 1999 

Rat 24 months chronic toxicity 
and carcinogenicity 

haematopoietic neoplasms (f), 
testicular interstitial cell ade-
nomas 

250 *) Belpoggi et al. 1995 

*) for exposure during 4 days/week 
 
 
The background exposure was estimated by ECB (2002) in a reasonable worst case exposure scenario 
for a person who is exposed to MTBE at the petrol station during and after refueling his/her car and 
who lives near to (50 m) a petrol station, and amounts to 70 - 470 µg/day, equivalent to 1 - 7 µg/kg 
bw/day.  This scenario includes also the exposure due to commuting by car and bus.  Exposure to 
MTBE in drinking water would in a worst case scenario add at most approximately 30 µg/day, equiva-
lent to 0,5 µg/kg bw/day. 
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4. EVALUATIONS BY OTHER ORGANISATIONS 
 
ATSDR derived a chronic inhalation MRL (minimal risk level; equivalent to a TCA) of  2.5 mg/m3 
based on the chronic toxicity/carcinogenicity study by Chun et al. (1992), extrapolating the NOAEL of 
1,440 mg/m3 to the MRL by applying correction for exposure duration and a UF of 100 2) (ATSDR 
1996). 
ATSDR derived an oral MRL for intermediate duration (comparable to a TDI) of  0.3 mg/kg bw/day 
based on the subchronic study by Robinson et al. (1990), extrapolating the LOAEL of 100 mg/kg 
bw/day (LOAEL for decreased blood urea nitrogen)3) to the MRL by applying a UF of 100 2) and an 
additional UF of 3 for the use of a LOAEL for minor effects (ATSDR 1996). 
US-EPA derived a RfC (equivalent to a TCA) of 3 mg/m3 based on the chronic toxicity/carcino-
genicity study by Chun et al. (1992), extrapolating the NOAEL of 1,440 mg/m3 to the MRL by apply-
ing correction for exposure duration and a UF of 100 2) (and rounding off) (US-EPA 1993). 
ECB (2002) did not derive a TDI or TCA but took the oral NOAEL of 300 mg/kg bw/day from Robin-
son et al. (1990) and the inhalation NOAEL of 1,440 mg/m3 from Chun et al. (1992) as the basis for 
their calculations of margins of safety in which these NOAELs are compared with exposures estimated 
according to several exposure scenarios. 
IARC assessed the available data in 1998 and concluded that "there is limited evidence in experimen-
tal animals for the carcinogenicity of MTBE, and there is inadequate evidence in humans for the car-
cinogenicity of MTBE - MTBE is not classifiable as to its carcinogenicity to humans" (group 3; IARC 
1999).  
 
5. CONCLUSION 
 

Substance TDI TCA Background exposure Odour threshold 
Methyl-t-butyl ether 0.3 mg/kg bw/day 2.6 mg/m3 0.004 - 0.005 mg/kg bw bw/day 0.19 mg/m3

TCA tolerable concentration in air 
TDI tolerable daily dose 
Background exposure: the mean of the reasonable worst case exposure scenarios as estimated by ECB (2002)  
 
Relevant routes of exposure in case of soil contamination: oral and inhalation 
 
 
REFERENCES 
 
Key references 
ATSDR (1996). Toxicological profile for methyl-t-butyl ether. US Dept. of Health & Human Services, Public 

Health Service, Agency for Toxic Substances and Disease Registry, Atlanta (GA), USA. 
ECB (2002). European Union Risk Assessment Report t-butyl methyl ether. European Chemicals Bureau, 3rd 

Priority list, volume 19; Office for Official Publications of the EC, Luxembourg. 
ECETOC (2003). Risk assessment report for existing substances: methyl-t-butyl ether. European Chemical In-

dustry Ecology and Toxicology Centre, Special report no. 17, Brussels, Belgium. 
GR (1994). Health based recommended occupational exposure limit - methyl-t-butylether. Report no. 1994/23 of 

the Dutch Expert Committee on Occupational Standards. Health Council of The Netherlands (Gezondheids-
raad), The Hague, The Netherlands. 

IARC (1999). Monographs on the evaluation of carcinogenic risks to humans. Vol. 73: Some chemicals that 
cause tumours of the kidney or urinary bladder in rodents and some other substances; pp. 339-383. Interna-
tional Agency for Research on Cancer, World Health Organization, Lyon, France. 

IPCS (1998). Environmental Health Criteria 206: Methyl-t-butyl ether. International Programme on Chemical 
Safety, World Health Organization, Geneva, Switzerland. 

RIVM, 1995. Human-toxicological criteria for serious soil contamination – compounds evaluated in 1993 and 
1994 (Janssen PJCM, Apeldoorn ME van, Koten-Vermeulen JEM van, Mennes WC). Report no. 715810009, 
National Institute of Public Health and the Environment (RIVM), Bilthoven, The Netherlands. 

                                                           
2) Viz. 10x10 for inter- and intraspecies extrapolation. 
3) In all other evaluations this effect is not considered relevant. 

page 11 of 14 



MPRhuman  for MTBE 

RIVM, 1997. Herevaluatie MTR (lucht, humaan) van methyl-t-butylether. RIVM/CSR brief report 1670/97 CSR 
HK/WM/pw dated June 13, 1997. National Institute of Public Health and the Environment (RIVM), Biltho-
ven, The Netherlands. 

RIVM, 2002. Afleiding van een toxicologische drinkwaterrichtlijn voor methyl-t-butylether. Unnumbered 
RIVM/CSR report dated May 7, 2002. National Institute of Public Health and the Environment (RIVM), 
Bilthoven, The Netherlands. 

US-EPA (1993). Integrated Risk Information System (IRIS): methyl-t-butyl ether, dated September 1, 1993. US 
Environmental Protection Agency, Washington DC, USA. 

 
References as cited in the key references 
Allgaier BS, De Peyster A (1999). Methyl-t-butyl ether (MTBE) effects on plasma luteinising hormone (LH) in 

gonadectomised male rats. Toxicologist 48: 266 (abstract). 
Amberg A, Rosner E, Dekant W (1999). Biotransformation and kinetics of methyl-t-butyl ether in rats and hu-

mans. Toxicol Sciences 51: 1-8. 
ARCO (1980). Methyl-t-butyl ether: actute toxicological studies. Report July 1980, Arco Research and Devel-

opment, Glenolden (PA), USA. 
Belpoggi F, Soffritti M, Maltoni C (1995). Methyl-t-butyl ether (MTBE), a gasoline additive, causes testicular 

and lymphohaemopoietic cancers in rats. Toxicol Ind Health 11: 119-149. 
Belpoggi F, Soffritti M, Maltoni C (1998). Pathological characterization of testicular tumours and lymphomas-

leukaemias, and of their precursors observed in Sprague-Dawley rats exposed to mthyl-t-butyl ether (MTBE). 
Eur J Oncol 3: 201-206. 

Bevan C, Neeper-Bradly TL, Tyl RW, Fisher LC, Panson RD, Kneiss JJ, Andrews LS (1997a). Two-generation 
reproductive toxicity study of methyl-t-butyl ether (MTBE) in rats. J Appl Toxicol 17 suppl 1: S13-S19. 

Bevan C, Tyl RW, Neeper-Bradly TL, Fisher LC, Panson RD, Douglas JF, Andrews LS (1997b). Developmental 
toxicity evaluation of methyl-t-butyl ether (MTBE) by inhalation in mice and rabbits. J Appl Toxicol 17 
suppl 1: S21-S29. 

Biles RW, Schroeder RE, Holdsworth CE (1987). Methyl-t-butyl ether inhalation in rats: a single generation 
reproduction study. Toxicol Ind Health 3: 519-534. 

Bird MG, Burleigh-Flayer HD, Chun JS, Douglas JF, Kneiss JJ, Andrews LS (1997). Oncogenicity studies of 
inhaled methyl-t-butyl ether (MTBE) in CD-1 mice and F-344 rats. J Appl Toxicol 17 Suppl 1: S45-S55. 

Borghoff SJ (1993). α2µ-Globulin-mediated male rat nephropathy and kidney cancer: relevance to human risk 
assessment. CIIT Activities 13: 1-8. 

Borghoff SJ, Short BG, Swenberg JA (1990). Biochemical mechanisms and pathobiology of α2µ-globulin neph-
ropathy. Ann Rev Pharmacol Toxicol 30: 349-367. 

BRL (1990a). Pharmacokinetics of methyl-t-butyl ether (MTBE) and t-butyl alcohol (TBA) in male and female 
Fischer-344 rats after administration of MTBE by the intravenous, oral and dermal routes. Report no. 38842, 
Bio-Research Laboratories Ltd., Senneville (Quebec), Canada. 

BRL (1990b). Pharmacokinetics of methyl-t-butyl ether (MTBE) and t-butyl alcohol (TBA) in male and female 
Fischer-344 rats after single and repeat inhalation nose-only exposures to MTBE. Report no. 38844, Bio-
Research Laboratories Ltd., Senneville (Quebec), Canada. 

BRL (1990c). Mass balance of radioactivity and metabolism of methyl-t-butyl ether (MTBE) in male and female 
Fischer-344 rats after intravenous, oral and dermal administration of 14C-MTBE. Report no. 38843, Bio-
Research Laboratories Ltd., Senneville (Quebec), Canada. 

BRL (1990d). Disposition of radioactivity and metabolism of methyl-t-butyl ether (MTBE) in male and female 
Fischer-344 rats after nose-only inhalation exposure to 14C-MTBE. Report no. 38843, Bio-Research Labora-
tories Ltd., Senneville (Quebec), Canada. 

BRL (1991). Mass balance of radioactivity and metabolism in male Fischer-344 rats after intravenous and der-
mal administration of 14C- methyl-t-butyl ether (MTBE). Follow up to project 38443, draft report no. 
38843B, Bio-Research Laboratories Ltd., Senneville (Quebec), Canada. 

Burleigh-Flayer HD, Chun JS, Kintigh WJ (1992). Methyl-t-butyl ether: vapour inhalation oncogenicity study in 
CD-1 mice. Report of project 91N0013A, Union Carbide, Bushy Run Research Center, Export (PA), USA. 

Cain WS, Leaderer BP, Ginsberg GL, Andrews LS, Cometto-Muñiz JE, Gent JF, Buck M, Berglund LG, Mo-
hensin V, Monahan E, Kjaergaard S (1996). Acute exposure to low-level MTBE: human reactions and phar-
macokinetic response. Inhal Toxicol 8: 21-48. 

Casanova M, Heck HA (1997). Lack of evidence for the involvement of formaldehyde in the hepato-
carcinogenicity of methyl-t-butyl ether in CD-1 mice. Chem-Biol Interact 105: 131-143. 

Chun JS, Burleigh-Flayer HD, Kintigh WJ (1992). Methyl-t-butyl ether: vapour inhalation oncogenicity study in 
Fischer 344 rats. Report of project no. 91N0013B, Union Carbide, Bushy Run Research Center, Export (PA), 
USA. 

page 12 of 14 



MPRhuman  for MTBE 

Chun JS, Kintigh WJ (1993). Methyl-t-butyl ether: twenty-eight day vapor inhalation study in rats and mice. 
Report of project no. 93N1241, Union Carbide, Bushy Run Research Center, Export (PA), USA. 

Conaway CC, Schroeder RE, Snyder NK (1985). Teratology evaluation of methyl-t-butyl ether in rats and mice. 
J Toxicol Environm Health 16: 797-809. 

Cuthbert JA (1979). Safety tests on methyl-t-butyl ether, IRI project 412139. Report no. 1300, Inveresk Research 
International, Edinburgh, UK. 

Day KJ, De Peyster A, Allgaier BS, Luong A, MacGregor JA (1998). Methyl-t-butyl ether (MTBE) effects on 
the male rat reproductive endocrine axis. Toxicologist 42: 147 (abstract). 

Dekant W, Bernauer U, Rossner E, Amberg A (2001). Biotransformation of MTBE, ETBE and TAME after in-
halation or ingestion in rats and humans. In: metabolism of ether oxygenates added to gasoline, Research re-
port no. 102 dated May 2001. Health Effects Institute, Cambridge (MA), USA. 

Dodd DE, Kintigh WJ (1989). Methyl-t-buthyl ether: repeated (13-week) vapor inhalation study in rats with neu-
rotoxicity evaluation. Report no. 52-507, Union Carbide, Bushy Run Research Center, Export (PA), USA. 

Greenough RJ, McDonald P, Robinson P, Maule W, Macnaughton F, Rushton A (1980). Methyl-t-butyl ether 
(Driveron), three month inhalation toxicity in rats. Report no. 1596, Inveresk Research International, Edin-
burgh, UK. 

Haseman JK, Arnold J, Eustis SL (1990). Tumor incidences in Fischer F344 rats: NTP historical data. In: Pa-
thology of the Fischer rat (Boorman GA, ed), pp 555-564, Academic Press, London, UK. 

IITRL (1992). Twenty-eight day oral (gavage) toxicity study of methyl-t-butyl ether (MTBE) in rats. Report of 
project L08100, study 1602, Illinois Institute of Technology Research Laboratories, Chicago (IL), USA. 

Johanson G, Nihlén A, Löf A (1995). Toxicokinetics and acute effects of MTBE and ETBE in male volunteers. 
Toxicol Letters 82/83: 713-718. 

Leuschner U, Hellstern A, Schmidt K, Fischer H, Güldütuna S, Hübner K, Leuschner M (1991). Gallstone disso-
lution with methyl-t-butyl ether in 120 patients - efficacy and safety. Digestive Dis Sci 36: 193-199. 

Lington AW, Dodd DE, Ridlon SA, Douglas JF, Kneiss JJ, Andrews LS (1997). Evaluation of 13-week inhala-
tion toxicity study on methyl-t-butyl ether (MTBE) in Fischer 344 rats. J Appl Toxicol 17: 37-44. 

Mastri C, Keplinger ML, Fancher OE (1969). Acute toxicity studies on X-801-25. Report no. IBT A6809, Indus-
trial Bio-test Laboratories Inc., Northbrook (IL), USA. 

McMartin KE, Martin-Amat G, Noker PE, Tephly TR (1979). Lack of a role for formaldehyde in methanol poi-
soning in the monkey. Biochem Pharmacol 28: 645-649. 

Miller MJ, Ferdinandi ES, Klan M, Andrews LS, Douglas FJ, Kneiss JJ (1997). Pharmacokinetics and disposi-
tion of methyl-t-butyl ether in Fischer-344 rats. J Appl Toxicol 17 suppl 1: S3-S12. 

Moser GJ, Wolf DC, Wong A, Goldsworthy TL (1997). Loss of tumor-promoting activity of unleaded gasoline 
in N-nitrosodiethylamine-initiated ovariectomized B6C3F1 mouse liver. Carcinogenesis 18: 1075-1083. 

Mürmann P (1985). Prüfung der akuten Hautreizwirkung von Driveron (MTBE). Report no. 0375, Chemische 
Werke Hüls, Marl, Germany. 

Neoptolemos JP, Hall C, O'Connor HJ, Murray WR, Carr-Locke DL (1990). Methyl-t-butyl ether for treating 
bile duct stones: the British experience. Brit J Surg 77: 32-35. 

Nihlén A, Löf A, Johanson G (1998). Experimental exposure to methyl-t-butyl ether, I: toxicokinetics in hu-
mans. Toxicol Appl Pharmacol 148: 274-280. 

Nihlén A, Sumner SC, Löf A, Johanson G (1999). 13C(2)-Labeled methyl-t-butyl ether: toxicokinetics and char-
acterization of urinary metabolites in humans. Chem Res Toxicol 12: 822-830. 

NTP (1995). Toxicology and carcinogenesis studies of t-butyl alcohol in F344 rats and B6C3F1 mice (drinking 
water studies). Technical report no. 436, US Dept. of Health and Human Services, Research Triangle Park 
(NC), USA. 

NTP (1997). Toxicity studies of t-butyl alcohol (CAS no. 75-65-0), administered by inhalation to F344/N rats 
and B6C3F1 mice. Toxicity report no. 53, US Dept. of Health and Human Services, Research Triangle Park 
(NC), USA. 

Pekari K, Riihimäki V, Vainiotalo S, Teräväinen E, Aito A (1996). Experimental exposure to methyl-t-butyl 
ether (MTBE) and methyl-t-amyl ether (MTAE). Abstracts International Symposium on Biological Monitor-
ing in Occupational and Environmental Health, Sept. 1996, pp. 27-28, Finnish Institute of Occupational 
Health, Espoo, Finland. 

Poet TS, Borghoff SJ (1997). In vitro uptake of methyl-t-butyl ether in male rat kidney - use of a two compart-
ment model to describe protein interactions. Toxicol Appl Pharmacol 145: 340-348. 

Prah J, Ashley D, Leavens T, Borghoff S, Case M (2000). Uptake and elimination of methyl-t-butyl alcohol 
(TBA) in human subjects by the oral route of exposure. Toxicologist 54: 57 (abstract). 

Prah J, Goldstein GM, Devlin R, Otto D, Ashley D, House D, Cohen KL, Gerrity T (1994). Sensory, sympto-
matic, inflammatory, and ocular responses to and the metabolism of methyl-t-butyl ether in a controlled hu-
man exposure experiment. Inhal Toxicol 6: 521-538. 

page 13 of 14 



MPRhuman  for MTBE 

Prescott-Mathews JS, Poet TS, Borghoff SJ (1999). Evaluation of the in vivo interaction of methyl-t-butyl ether 
with α2u-globulin in male F-344 rats. Toxicol Appl Pharmacol 157: 60-67. 

Prescott-Mathews JS, Wolf DC, Wong BA, Borghoff SJ (1997). Methyl-t-butyl ether causes alpha2u-globulin 
nephropathy and enhanced renal cell proliferation in male F-344 rats. Toxicol Appl Pharmacol 143: 301-314. 

RBM (1996a). Acute dermal irritation study in New Zealand White rabbits treated with the test article MTBE. 
Istituto di Recerche Biomediche 'Antoine Marxer' SpA, Roma, Italy. 

RBM (1996b). Acute eye irritation study in New Zealand White rabbits treated with the test article MTBE. Isti-
tuto di Recerche Biomediche 'Antoine Marxer' SpA, Roma, Italy. 

RBM (1996c). Acute oral toxicity study in rats treated with the test article MTBE. Istituto di Recerche Biomedi-
che 'Antoine Marxer' SpA, Roma, Italy. 

Riihimäki V, Matikainen E, Aklia R, Teräväinen E, Mutanen P, Pekari K, Vainiotalo S, Vilhunen R, Aitio A 
(1996). Central nervous system effects of the gasoline additive methyl-t-butyl ether (MTBE). Final report, 
Finnish Institute of Occupational Health, Helsinki, Finland. 

Robinson M, Bruner RH, Olson GR (1990). Fourteen- and ninety-day oral toxicity studies of methyl-t-butyl 
ether in Sprague-Dawley rats. J Am Coll Toxicol 9: 525-540. 

Savolainen H, Pfäffli P, Elovaara E (1985). Biochemical effects of methyl-t-butyl ether in extended vapour ex-
posure of rats. Arch Toxicol 57: 285-288. 

Tepper JS, Jackson MC, McGee JK, Costa DL, Graham JA (1994). Estimation of respiratory irritancy from in-
haled methyl-t-butyl ether in mice. Inhal Toxicol 6: 563-570. 

Tyl RW (1989). Developmental toxicity study of inhaled methyl-t-butyl ether in New Zealand white rabbits. 
Report of project no. 51-628, Union Carbide, Bushy Run Research Center, Export (PA), USA. 

Tyl RW, Neeper-Bradley TL (1989). Developmental toxicity study of inhaled methyl-t-butyl ether in CD-1 mice. 
Report of project no. 52-526, Union Carbide, Bushy Run Research Center, Export (PA), USA. 

Williams TM, Cattley RC, Borghoff SJ (2000). Alterations in endocrine responses in male Sprague-Dawley rats 
following oral administration of methyl-t-butyl ether. Toxicol Sci 54: 168-176. 

Zhou W, Ye SH (1999). Subchronic oral methyl-t-butylether (MTBE) exposure in male Sprague-Dawley rats 
and effects of health on MTBE exposed workers. J Occup Health 41: 33-38. 

 
 
 
Author:  A.J. Baars (RIVM/SIR) 
Review:  P.J.C.M. Janssen and W.C. Mennes 
Date:   06-10-2004 
 
 
 

page 14 of 14 


