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1-TERT-BUTOXYPROPAN-2-OL
1.

Exposure Data

1.1.3 Chemical and physical properties of the
pure substance

1.1 Identification of the agent
1.1.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 57018-52-7
Chem. Abstr. Serv. name: 1-(1,1-Dimethylethoxy)-2-propanol
IUPAC systematic name: 1-(tert-Butoxy)
propan-2-ol
Synonyms: 1-tert-Butoxy-2-propanol; 1-tertbutoxypropan-2-ol; 1-methyl-2-tert-butoxy
ethanol; propyleneglycol 1-(tert-butyl ether);
propylene glycol mono-tert-butyl ether;
PGMBE; PGTBE; propylene glycol t-butyl
ether; tert-butoxypropanol
From ChemIDplus (2018); ECHA (2018);
NTP (2018).

1.1.2 Structural and molecular formulae, and
relative molecular mass
H3 C
HO
O
CH 3

CH 3
CH 3

Molecular formula: C7H16O2
Relative molecular mass: 132.201

Description: Clear colourless liquid with an
ethereal odour (PubChem, 2018)
Boiling point: 151 °C
Freezing/melting point: −56 °C
Density: 0.872 g/cm3 at 20 °C
Solubility: ≥ 100 mg/mL at 19 °C, in water
Volatility: Vapour pressure, 0.64 kPa at 20 °C
Relative vapour density: 4.6 (air = 1)
Flash point: 44.4–45.0 °C (open cup)
Auto-ignition temperature: 373 °C
Explosive limits: 1.8–6.8 vol% in air
Octanol/water partition coefficient (P): log
Kow, 0.87 (estimated)
Conversion factor: 1 ppm = 5.41 mg/m3, at
normal temperature (25 °C) and pressure
(103.5 kPa)
From NTP (2004); IPCS (2006); HSDB,
(2017); PubChem (2018).

1.2 Production and use
1.2.1 Production process
1-tert-Butoxypropan-2-ol is manufactured
by reacting isobutylene with excess propylene
glycol in the presence of a solid resin etherification catalyst. It is then distilled to produce the α
isomer with a purity of ≥ 99% (Boatman, 2001).
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1.2.2 Production volume
No data were available to the Working Group.

1.2.3 Use
1-tert-Butoxypropan-2-ol is used as a solvent
(as a substitute for ethylene glycol mono alkyl
ethers) and in all-purpose cleaners, coatings,
inks, nail polish, lacquers, latex paints, and adhesives. Because of widespread use, there is potential for human exposure via inhalation or dermal
routes (Boatman, 2001; NTP, 2004).
In investigations carried out during 2000–
2006 in France, no information on the use of
1-tert-butoxypropan-2-ol was recorded (AFSSET,
2008). The European Chemicals Agency in its
inventory indicated only that data on the tonnage
of the substance were confidential, which implies
that there are some uses in Europe (ECHA, 2018).

1.3 Analytical methods
No officially validated methods exist specifically for the detection and measurement of
1-tert-butoxypropan-2-ol.
Some methods using gas chromatography-mass spectrometry (GC-MS) are available to
measure glycol ethers as a group or as individual
chemical entities, for example, the Environment
Canada reference method (Environment Canada,
2010).

1.4 Occurrence and exposure
1.4.1 Environmental occurrence
1-tert-Butoxypropan-2-ol does not occur
naturally.
No data on environmental exposure to
1-tert-butoxypropan-2-ol were available to the
Working Group.
The use of 1-tert-butoxypropan-2-ol as a
solvent may result in its release to the environment through various waste streams. As
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modelled (HSDB, 2017), if 1-tert-butoxypropan-2-ol is released to air, its vapour pressure
indicates that it will exist solely as a vapour in
the ambient atmosphere. The vapour phase of
1-tert-butoxypropan-2-ol will be degraded in
the atmosphere by reaction with photochemically produced hydroxyl radicals; the half-life for
this reaction in air is estimated to be 23 hours.
If released to soil, 1-tert-butoxypropan-2-ol is
expected to have very high mobility based upon
an estimated Koc of 5. Volatilization from moist
soil surfaces is expected to be an important fate
process based upon an estimated Henry’s law
constant of 4.73 × 10–6 atm·m3/mole. The structurally similar compound 2-tertiary butoxy ethanol
was not degraded in a 16-day test for biological
oxygen demand. Tertiary and ether structures
are non-biodegradable. Based on the test result
for biological oxygen demand for 2-tertiary
butoxy ethanol, 1-tert-butoxypropan-2-ol is not
expected to biodegrade in soil. If released into
water, 1-tert-butoxypropan-2-ol is not expected
to adsorb to suspended solids and sediment based
upon the estimated Koc. Based on the biological oxygen demand test result for 2-tertiary
butoxy ethanol, 1-tert-butoxypropan-2-ol is not
expected to biodegrade in water. Volatilization
from water surfaces may be an important fate
process based upon this compound’s estimated
Henry’s law constant. Estimated volatilization
half-lives for a model river and model lake are
6 days and 69 days, respectively. An estimated
bioconcentration factor of 0.8 suggests that the
potential for bioconcentration in aquatic organisms is low. Hydrolysis is not expected to be an
important environmental fate process since this
compound lacks functional groups that hydrolyse under environmental conditions (HSDB,
2017).

1-tert-Butoxypropan-2-ol

1.4.2 Occupational exposure
Occupational exposure to 1-tert-butoxypropan-2-ol may occur through inhalation at
workplaces where this compound is produced or
used. The general population may be exposed to
this compound through contact with consumer
products (HSDB, 2017). A review of investigations
of glycol ethers carried out during 2000–2006
in France did not identify any usage for 1-tertbutoxypropan-2-ol, or any data on exposure of
the working population or general population
(AFSSET, 2008). No qualitative or quantitative
data on occupational exposure were available to
the Working Group.

1.4.3 Exposure of the general population
No qualitative or quantitative data on exposure of the general population were available to
the Working Group.

1.5 Regulations and guidelines
The Committee of Experts on Transport
of Dangerous Goods (TDG) and Globally
Harmonized System of Classification and
Labelling of Chemicals (GHS) of the United
Nations Economic Commission for Europe
(UNECE) identified 1-tert-butoxypropan-2-ol as:
United Nations Hazard Class 3; United Nations
Pack Group III (UNECE, 2016).
The WHO International Chemical Safety
Card ICSC 1615 (IPCS, 2006), and the French
National Institute for Industrial Environment
and Risks (INERIS) (INERIS, 2015) have labelled
this chemical as: “Warning”, “Flammable liquid
and vapour”, “Causes serious eye irritation”.
In the workplace, no occupational exposure
limits have been established for 1-tert-butoxypropan-2-ol (GESTIS, 2017).

2.

Cancer in Humans
No data were available to the Working Group.

3.

Cancer in Experimental Animals

In 2004, the Working Group evaluated the
carcinogenicity of 1-tert-butoxypropan-2-ol in
experimental animals and concluded that there
was limited evidence for the carcinogenicity
of 1-tert-butoxypropan-2-ol (IARC, 2006). No
new studies of carcinogenicity in experimental
animals have since become available.
See Table 3.1.

3.1 Mouse
Inhalation
Groups of 50 male and 50 female B6C3F1 mice
(age, 6 weeks) were exposed to propylene glycol
mono-t-butyl ether [1-tert-butoxypropan-2-ol]
vapour (purity, ≥ 99%) by whole-body inhalation.
The exposure dosage was 0 (control), 75, 300, or
1200 ppm for 6 hours plus T90 (12 minutes) per
day on 5 days per week for 104 weeks. Necropsies
including gross and microscopic examination of
all major tissues were carried out on all mice.
No effect on survival was observed. Mean body
weights of male mice were generally similar to
those of the controls throughout the study; those
of females at the highest dose (1200 ppm) were
slightly less at the end of the study. The incidence
of hepatocellular adenoma (males: 18/50, 23/49,
26/50, 36/50; females: 14/49, 8/50, 10/50, 37/49)
and of hepatocellular adenoma or carcinoma
combined (males: 25/50, 26/49, 33/50, 41/50;
females: 18/49, 14/50, 16/50, 41/49) increased
with a significant positive trend in males and
females (P < 0.001, poly-3 test); the incidence
in the groups at the highest dose was also
significantly increased (P < 0.001, poly-3 test).
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Species, strain (sex)
Age at start
Duration
Reference

Purity
Dose(s)
No. of animals at
start
No. of surviving
animals

Tumour incidence

Significance

Mouse, B6C3F1 (M)
6 wk
104 wk
NTP (2004)

Purity, ≥ 99%
0, 75, 300, 1200 ppm
6 h + T90 (12 min)/d,
5 d/wk
50, 50, 50, 50
35, 40, 40, 37

Liver
Hepatocellular adenoma:
18/50*, 23/49, 26/50, 36/50**

Principal strengths: GLP study; study in males and
females
* P < 0.001 (poly-3 trend test) Significant increase in the incidence of
multinucleated hepatocyte, eosinophilic foci, and
** P < 0.001 (poly-3 test)
basophilic foci
Incidence in historical controls, range:
NS
hepatocellular adenoma or carcinoma (combined),
50–68%; hepatocellular carcinoma, 18–32%
Incidence of hepatoblastoma in historical controls
* P < 0.001 (poly-3 trend test) for inhalation studies: 0/250; all routes, 16/1159
** P < 0.001 (poly-3 test)
(1.4%)

Hepatocellular carcinoma:
9/50, 8/49, 13/50, 11/50
Hepatocellular adenoma or
carcinoma (combined):
25/50*, 26/49, 33/50, 41/50**
Hepatoblastoma:
0/50*, 0/49, 1/50, 5/50**

Mouse, B6C3F1 (F)
6 wk
104 wk
NTP (2004)

Purity, ≥ 99%
0, 75, 300, 1200 ppm
6 h + T90 (12 min)/d,
5 d/wk
50, 50, 50, 50
39, 36, 42, 39

Liver
Hepatocellular adenoma:
14/49*, 8/50, 10/50, 37/49**
Hepatocellular carcinoma:
4/49, 8/50, 7/50, 10/49
Hepatocellular adenoma or
carcinoma (combined):
18/49*, 14/50, 16/50, 41/49**
Hepatoblastoma:
0/49, 0/50, 0/50, 2/49

Comments

* P < 0.001 (poly-3 trend test)
** P = 0.028 (poly-3 test)
Principal strengths: GLP study; study in males and
females
* P < 0.001 (poly-3 trend test) Significant increase in the incidence of eosinophilic
foci
** P < 0.001 (poly-3 test)
Incidence of hepatocellular adenoma or carcinoma
(combined) in high-dose animals exceeded historical
NS
control range (22–37%)
Incidence of hepatocellular carcinoma in all groups
of treated animals (but not in controls) exceeded
* P < 0.001 (poly-3 trend test) historical control range (8–12%)
** P < 0.001 (poly-3 test)
Historical control incidence of hepatoblastoma for
inhalation studies: 0/248; all routes, 0/1152
NS
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Table 3.1 Studies of carcinogenicity in experimental animals exposed to 1-tert-butoxypropan-2-ol by inhalation (wholebody exposure)

Table 3.1 (continued)
Species, strain (sex)
Age at start
Duration
Reference

Purity
Dose(s)
No. of animals at
start
No. of surviving
animals

Tumour incidence

Significance

Rat, F344/N (M)
6 wk
104 wk
NTP (2004)

Purity, ≥ 99%
0, 75, 300, 1200 ppm
6 h + T90 (12 min)/d,
5 d/wk
50, 50, 50, 50
27, 29, 16, 22

Kidney, standard (single section) evaluation
Renal tubule adenoma
(includes multiple):
1/50, 1/50, 3/49, 2/50
NS
Renal tubule carcinoma:
0/50, 0/50, 0/49, 1/50
NS
Renal tubule adenoma or
carcinoma (combined):
1/50, 1/50, 3/49, 3/50
NS
Stromal nephroma:
0/50, 0/50, 0/49, 1/50
NS
Kidney, extended evaluation (step sections)
Renal tubule adenoma
(includes multiple):
0/50, 1/50, 3/49, 2/50
NS

Comments

Principal strengths: GLP study; study in males and
females
Significant increase in the incidence of renal
tubule hyperplasia, renal tubule hyaline droplet
accumulation, and liver basophilic foci
Historical control incidence of renal tubule adenoma
(standard evaluation): 3/299 (1.0 ± 1.1%); range,
0–2%
Historical control incidence of renal tubule
carcinoma (standard evaluation): 1/299
Historical control incidence of renal tubule
adenoma or carcinoma (standard evaluation): 4/299
(1.3 ± 1.0%); range, 0–2%
Historical control incidence of hepatocellular
adenoma for inhalation studies: 4/299; range, 0–6%

1-tert-Butoxypropan-2-ol
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Species, strain (sex)
Age at start
Duration
Reference

Purity
Dose(s)
No. of animals at
start
No. of surviving
animals

Rat, F344/N (M)
6 wk
104 wk
NTP (2004)
(cont.)

Rat, F344/N (F)
6 wk
104 wk
NTP (2004)

Purity, ≥ 99%
0, 75, 300, 1200 ppm
6 h + T90 (12 min)/d,
5 d/wk
50, 50, 50, 50
33, 34, 28, 36

Tumour incidence

Significance

Kidney, standard (single section) evaluation and extended
evaluation (step sections) (combined)
Renal tubule adenoma
(includes multiple):
1/50, 2/50, 5/49, 4/50
NS
Renal tubule carcinoma:
0/50, 0/50, 0/49, 1/50
NS
Renal tubule adenoma or
carcinoma (combined):
1/50, 2/50, 5/49, 5/50
NS
Liver
Hepatocellular adenoma:
3/50*, 0/50, 2/49, 6/50
*P = 0.022 (poly-3 trend test)
Cholangiocarcinoma:
0/50, 0/50, 0/49, 1/50
NS
Kidney
Renal tubule adenoma:
0/49, 0/50, 0/50, 1/50
NS
Liver
Hepatocellular adenoma:
1/49, 0/50, 0/50, 2/50
NS

Comments

Principal strengths: GLP study; study in males and
females
Significant increase in the incidence of liver clear
cell foci

d, day; F, female; GLP, good laboratory practice; h, hour; M, male; min, minute; NS, not significant; ppm, parts per million; T90, time to achieve 90% of the target concentration after the
beginning of vapour generation; wk, week

IARC MONOGRAPHS – 119

42

Table 3.1 (continued)

1-tert-Butoxypropan-2-ol
In males, the incidence of hepatocellular
adenoma or carcinoma (combined) in the group
at the highest dose (41/50, 82%) exceeded the
range for historical controls (range, 50–68%; fed
the NTP-2000 diet). However, the incidence of
hepatocellular carcinoma in all groups of males
(including controls) was below or within the
upper bound of the range for historical controls
(18–32%). In females at the highest dose, the incidence of hepatocellular adenoma or carcinoma
(combined) (41/49, 84%) also exceeded the range
observed in historical controls (range, 22–37%).
The incidence of hepatocellular carcinoma in all
groups of treated females (but not in controls)
exceeded the range for historical controls
(8–12%). Hepatoblastoma [an embryonal tumour
of liver cells,] was also found in treated males
and females. The incidence of hepatoblastoma
(0/50, 0/49, 1/50, 5/50) increased with a significant positive trend in males (P < 0.001, poly-3
test); the incidence in the group at the highest
dose was also significantly increased (P = 0.028,
poly-3 test) compared with controls. At the
highest dose, 2 females out of 49 (4.1%) also
developed hepatoblastoma compared with none
in 49 controls; this incidence was clearly above
that for historical controls in inhalation studies
(0/248) in females. The incidence of liver eosinophilic foci in males and females at the highest
dose, and the incidence of liver basophilic foci in
males at the intermediate dose were significantly
increased compared with controls. [On the basis
of criteria specified in Thoolen et al. (2010), the
Working Group noted that the liver basophilic
foci (observed in the group at the intermediate
dose) may have progressed to hepatoblastoma
(observed in the group at the highest dose).] The
incidence of multinucleated hepatocytes in males
at the highest dose was significantly increased;
the severity of this change was generally mild
and based on the number of multinucleated
hepatocytes (Doi et al., 2004; NTP, 2004). [The
Working Group noted this was a well-conducted

study in males and females and complied with
good laboratory practice (GLP).]

3.2 Rat
Inhalation
Groups of 50 male and 50 female Fischer
344/N rats (age, 6 weeks) were exposed to
propylene glycol mono-t-butyl ether [1-tertbutoxy-propan-2-ol] vapour (purity, ≥ 99%)
at a concentration of 0 (control), 75, 300, or
1200 ppm by whole-body inhalation for 6 hours
plus T90 (12 minutes) per day on 5 days per week
for 104 weeks. For all rats, a complete necropsy
was performed, and gross and microscopic
examination of all major organs and tissues
was carried out. Survival rates in males were
27/50 (control), 29/50, 16/50, and 22/50; those in
females were 33/50 (control), 34/50, 28/50 and
36/50. Survival of males in the group receiving
the intermediate dose (300 ppm) was less than
that of controls. Survival of all exposed groups
of females was similar to that of controls. Mean
body weights of males and females at the highest
dose (1200 ppm) were less than those of controls
during the second year of the study. No significant increase in the incidence of tumours was
observed in treated females. Some increase in
the incidence of tumours of the kidney and liver
was observed in exposed males. The incidence
of adenoma of the renal tubules in exposed
males was non-significantly increased; one renal
tubule carcinoma also occurred in the group
at the highest dose. The combined incidence of
these tumours of the renal tubules (standard
and extended evaluation, combined) was 1/50
(control), 2/50, 5/49, and 5/50 (not statistically
significant by pair-wise comparison or trend
test). Historically, in all six inhalation bioassays
carried out by the National Toxicology Program
(NTP) and using the NTP-2000 diet, no more
than one kidney neoplasm had been observed
in the matched chamber-control groups of male
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rats fed the NTP-2000 diet; overall, the incidence in historical controls was 4/299. There was
a significant increase in the incidence of renal
tubule hyperplasia and of hyaline droplet accumulation in male rats at the intermediate and
highest dose. Hepatocellular adenoma occurred
with a significant positive trend (P = 0.022,
poly-3 test) in male rats, with the incidence in
the group at the highest dose exceeding the range
for historical controls. The incidence of hepatocellular adenoma in males was 3/50 (control, 6%),
0/50, 2/49 (4%), and 6/50 (12%); the incidence of
hepatocellular adenoma in historical controls
for inhalation studies was 4/299 (range, 0–6%).
No hepatocellular carcinomas were observed.
There was a significant increase in the incidence
of liver basophilic foci in all treated groups of
males (Doi et al., 2004; NTP, 2004). [The Working
Group noted that this was a well-conducted GLP
study in males and females.]

the [14C-propanol]-labelled chemical (purity,
98%) was rapidly and extensively absorbed when
given in water by gavage. Approximately 22–26%
was recovered as exhaled radiolabelled carbon
dioxide (14CO2), indicating that further metabolism occurred. Dermal exposure occurred to
a limited extent, with about 3% and 7.8% of the
applied dose absorbed systemically by rats and
mice, respectively (NTP, 1994).
(b)

In male Fischer 344 rats evaluated 72 hours
after oral administration of 14C-labelled
1-tert-butoxypropan-2-ol at a dose of 3.8, 37.7,
or 377.1 mg/kg body weight (bw), radiolabel was
distributed fairly evenly throughout the body
(NTP, 1994). Concentrations in skeletal muscle,
skin, fat, and liver were somewhat higher than in
other organs. Less than 6% of the doses remained
in the carcass.
(c)

4.

Mechanistic and Other
Relevant Data

4.1 Absorption, distribution,
metabolism, and excretion
The absorption, distribution, metabolism,
and excretion of 1-tert-butoxypropan-2-ol were
described previously in IARC Monographs
Volume 88 (IARC, 2006).

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems
(a)

Absorption

Much of the information available on the
toxicokinetics of 1-tert-butoxypropan-2-ol was
provided in an NTP (1994) report, summarized in NTP (2004). In male Fischer 344 rats,
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Distribution

Metabolism

1-tert-Butoxypropan-2-ol is metabolized
primarily to glucuronide and sulfate conjugates and excreted in the urine. When administered orally to male Fischer 344 rats, 48–76%
was eliminated in the urine (NTP, 1994). The
major urinary metabolite was 1-tert-butoxypropan-2-ol glucuronide. The sulfate conjugate
was also identified. The proportion of the sulfate
increased from 7% to 13% as the dose increased
(NTP, 1994). Much (22–26%) of the remainder of
each oral dose was exhaled as CO2. The glucuronide conjugate was the only metabolite identified in the bile in a separate experiment in male
Fischer 344 rats performed by NTP (1994). The
finding of exhaled CO2 is consistent with the
metabolism of 1-tert-butoxypropan-2-ol to CO2
by O-dealkylation, but this pathway remains to
be demonstrated.

1-tert-Butoxypropan-2-ol
(d)

Excretion

Elimination kinetic parameters were calculated from the results of an experiment in which
male Fischer 344 rats received 1-tert-butoxypropan-2-ol at an intravenous dose of 37.8 mg/kg bw
(NTP, 1994). Elimination of the parent compound
was very rapid. Clearance exceeded hepatic blood
flow. The plasma elimination half-life was only 16
minutes.
In male and female B6C3F1 mice and Fischer
344 rats, 1-tert-butoxypropan-2-ol (administered intravenously or by inhalation) exhibited
concentration-dependent nonlinear kinetics in
its elimination from the blood (Dill et al., 2004).
Both mice and rats showed longer half-lives,
lower clearance, and disproportionate increases
in area under the curve (AUC) when intravenous
doses were increased from 15 to 200 mg/kg bw.
The mice were more efficient than the rats in
elimination of 1-tert-butoxypropan-2-ol. After
inhalation, mice eliminated 1-tert-butoxypropan-2-ol more rapidly (shorter t½) and had a
higher efficiency (lower Km) and capacity (higher
Vmax). Saturable Michaelis–Menten kinetics was
most evident in each species at 1200 ppm. A slow,
zero-order decline in blood concentrations was
manifest for the first several hours at this high
exposure level. The most notable sex-specific
difference was higher blood concentrations in
female rats, ostensibly due to the lower urinary
excretion of 1-tert-butoxypropan-2-ol conjugates. Total conjugates (glucuronide and sulfate)
increased in proportion to exposure level from
75 to 300 ppm, but were less than proportional
from 300 to 1200 ppm.

4.2 Mechanisms of carcinogenesis
1-tert-Butoxypropan-2-ol has been studied
for genotoxic effects in mice and in mammalian
and non-mammalian systems in vitro (Doi et al.,
2004; NTP, 2004). Other than studies on altered
cell proliferation in experimental animals,

discussed in Section 4.5, no other data relevant to
carcinogenic mechanisms were available to the
Working Group.

4.2.1 Humans
No data were available to the Working Group.

4.2.2 Experimental systems
A statistically significant positive trend and
a marginal increase in the frequency of micronucleated normochromatic erythrocytes were
observed in peripheral blood of female, but not
male, B6C3F1 mice exposed to 1-tert-butoxypropan-2-ol at concentrations ranging from
75 to 1200 ppm (6 hours per day, 5 days per
week) for 3 months. No change was seen in the
percentage of immature polychromatic erythrocytes in peripheral blood, suggesting no effect on
erythropoiesis.
1-tert-Butoxypropan-2-ol (at doses of up to
5000 μg/mL) did not induce sister-chromatid
exchange or chromosomal aberrations in the
presence or absence of metabolic activation in
cultured Chinese hamster ovary cells.
1-tert-Butoxypropan-2-ol (100–10 000 µg/
plate) induced a dose-related increase in mutagenicity in Salmonella typhimurium strain TA97
when tested in the absence, but not the presence,
of rat liver S9 supernatant; however, results were
negative in other strains (TA98, TA100, TA1535
and TA1537) (NTP, 2004).

4.3 Data relevant to comparisons
across agents and end-points
All seven agents evaluated in the present
volume were tested in high-throughput screening
assays of the Toxicity Testing in the 21st Century
(Tox21) and/or Toxicity Forecaster (ToxCast)
research programmes of the government of the
USA (Kavlock et al., 2012; Tice et al., 2013; EPA,
2016a,b; Filer et al., 2016). Four agents were tested
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in Tox21 and ToxCast assays, and the other three
agents only in Tox21 assays.
One factor of note for the chemicals evaluated in the present volume is that compounds
with a very low relative molecular mass (roughly
less than 150) generally have only a low affinity
for biomolecular interactions due to limited
free energy for binding (Hopkins et al., 2004).
All seven of the chemicals evaluated in the present
volume have a relative molecular mass of less than
150. Hence screening in vitro at the concentrations used in ToxCast and Tox21 assays may not
be able to detect molecular receptor-type interactions for non-reactive effects. These compounds
of low relative molecular mass may also have
high vapour pressure, which could lead to loss
of sample during storage and/or testing and thus
failure to reach effective active concentrations.
In addition, the Tox21 and ToxCast in vitro assays
either fully lacked or had uncharacterized and
generally low xenobiotic metabolism capacity,
limiting effects generally to parent compounds.
The Tox21 and ToxCast in vitro assays cover
a broad range of potential toxicity mechanisms
and are not specifically focused on carcinogenesis. The Working Group of IARC Monograph
Volume 112 mapped the 821 assay end-points
available at that time to the key characteristics
of known human carcinogens (IARC, 2017a).
The consensus assignments resulted in 263 assay
end-points mapped to 7 of 10 key characteristics
(IARC, 2017b). Upon review of assay end-points
added to Tox21 and ToxCast data since that
determination, subsequent Working Groups
mapped 28 additional assay end-points to key
characteristics, resulting in 291 assays mapped
to 7 of 10 key characteristics in total. The 7 chemicals evaluated in the present volume were only
tested in 249 of these assays.
The assay end-points used, the bioactivity determination, and the mapping to “key
characteristics” are included as supplemental
material to the present volume (Annex 1).
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The assays mapped to each key characteristic are
briefly described below.
1. Is electrophilic or can be metabolically activated – 7 assay end-points consisting of
cytochrome P450 (CYP) biochemical activity
assays including aromatase;
2. Is genotoxic – 10 assay end-points consisting of
cellular TP53 induction and DNA repair-sensitive cellular assays;
3. Alters DNA repair or causes genomic instability – 0 assay end-points;
4. Induces epigenetic alterations – 4 assay
end-points including biochemical assays
targeting histone deacetylases and other
enzymes modifying chromatin as well as
cellular transcription factor assays involved
in epigenetic regulation;
5. Induces oxidative stress – 14 assay end-points,
all cellular assays, targeting nuclear factor
erythroid
2-related
factor/antioxidant
responsive element (NRF2/ARE), other
stress-related transcription factors, and
protein upregulation in response to reactive
oxygen species;
6. Induces chronic inflammation – 47 assay
end-points measuring protein expression
levels in primary human cells in complex
environments;
7. Is immunosuppressive – 0 assay end-points;
8. Modulates receptor-mediated effects – 83
assay end-points targeting nuclear receptors
(including the aryl hydrocarbon receptor) in
cellular assays for transactivation, receptor
dimerization, and nuclear translocation,
as well as biochemical radioligand-binding
assays and coregulatory recruitment assays;
9. Causes immortalization – 0 assay end-points;
10. Alters cell proliferation, cell death, or nutrient
supply – 84 assay end-points measuring cytotoxicity by a wide variety of assay formats in
cell lines, primary human cells and developing zebrafish larvae.

1-tert-Butoxypropan-2-ol
A summary of results for each agent evaluated in the present volume is given below.
(a)

1-tert-Butoxypropan-2-ol

1-tert-Butoxypropan-2-ol (CAS No. 5701852-7) was inactive for 64 Tox21 assay end-points
mapped to the key characteristics (it was not in
the ToxCast library). The analytical chemistry
of the tested sample showed that the intended
structure was present and purity was > 90%.
[The Working Group noted the low relative
molecular mass of the chemical (132), which may
limit biomolecular interactions at the concentrations tested.]
(b)

β-Myrcene

β-Myrcene (CAS No. 123-35-3) was bioactive
in 5 of 238 ToxCast and Tox21 assay end-points
mapped to the key characteristics. One assay
end-point for oxidative stress, (ATG_NRF2)
showed bioactivity at 78 μM. Three other
assays demonstrating bioactivity were mapped
to key characteristic 8, consisting of PPARγ
activation, PXR activation, and PPARδ inhibition (ATG_PPAR, ATG_PXRE, and TOX21_
PPARd). Neither PPARγ nor PXR activation were
supported by orthogonal assays (none existed
for PPARδ antagonist). The other mapped
end-point was for key characteristic 10 and was
inhibition of cell viability in a single assay for an
immortalized cell line (TOX21_VDR_viability).
However, β-myrcene had no bioactivity in assays
of inhibition of viability in many other cell lines.
The analytical chemistry determination of the
Tox21 sample indicated the expected structure was not present at the time of analysis.
[The Working Group noted the low relative
molecular mass of the chemical (136), and the
low water solubility, factors which may limit
biomolecular interactions at the concentrations
tested.]

(c)

Furfuryl alcohol

Furfuryl alcohol (CAS No. 98-00-0) was
bioactive in 8 of 217 ToxCast and Tox21 assays
mapped to the key characteristics. Furfuryl
alcohol activated both a ToxCast NRF2 assay
(ATG_NRF2) and a Tox21 NRF2 assay (TOX21_
ARE), with AC50 values of 48 and 99 μM, respectively, supportive of induction of oxidative stress.
It showed bioactivity against 3 assay end-points
mapped to key characteristic 8, all in the range
40–50 μM. [The Working Group noted, however,
that orthologous ToxCast and Tox21 assays for
the activated receptors did not support activation of these assays and the activity may be
nonspecific]. Finally, furfuryl alcohol inhibited
proliferation in the range of 28–30 μM of three
different primary human cell cultures (BSK_3C_
Proliferation,
BSK_hDFCGF_Proliferation,
BSK_SAg_Proliferation),
which
included
endothelial cells, fibroblasts, and peripheral
blood mononuclear cells, mapped to key characteristic 10. Conversely, it did not affect viability of
many immortalized cell lines that were also evaluated. The analytical chemistry determination of
the Tox21 tested sample showed the appropriate
structure was detected with a purity > 90%.
[The Working Group noted the low relative
molecular mass of the chemical (98), which may
limit biomolecular interactions at the concentrations tested.]
(d)

Melamine

Melamine (CAS No. 108-78-1) had bioactivity
in only 1 of 64 Tox21 assay end-points mapped
to the key characteristics. The assay end-point in
which it showed bioactivity mapped to key characteristic 10; however, activity was only seen at
the lowest concentration tested. The analytical
chemistry determination of the Tox21-tested
sample showed the appropriate structure was
detected with a purity > 90%. [The Working
Group noted the low relative molecular mass
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of the chemical (126), which may limit biomolecular interactions at the concentrations tested.]
(e)

Pyridine

Pyridine (CAS No. 110-86-1) showed no
bioactivity in 64 Tox21 assay end-points mapped
to the key characteristics. The analytical chemistry determination of the Tox21-tested sample
showed the concentration was < 5% of the
expected value. [The Working Group noted the
low relative molecular mass of the chemical (79),
which may limit biomolecular interactions at the
concentrations tested, and that volatility of the
chemical may result in limited exposure in vitro.]
(f)

Tetrahydrofuran

Tetrahydrofuran (CAS No. 109-99-9) showed
bioactivity, for one PXR activation assay (ATG_
PXRE) mapped to key characteristic 8, out of 118
Tox21 and ToxCast assay end-points mapped to
the key characteristics. [The Working Group
noted the low relative molecular mass of the
chemical (72), which may limit biomolecular
interactions at the concentrations tested, and
that volatility may result in limited exposure in
vitro.]
(g)

Vinylidene chloride

Vinylidene chloride (CAS No. 75-35-4) was
inactive for all except one of 118 ToxCast and the
Tox21 programme assay end-points mapped to
the key characteristics. The only activity was in a
single pregnane X receptor (PXR) transcription
factor activation assay (ATG_PXRE) mapped to
key characteristic 8. [The Working Group noted
the low relative molecular mass of the chemical
(97), which may limit biomolecular interactions
at the concentrations tested, and that volatility
may result in limited exposure in vitro.]
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4.4 Susceptibility to cancer
No data were available to the Working Group.

4.5 Other adverse effects
4.5.1 Humans
No data were available to the Working Group.

4.5.2 Experimental systems
IARC has established seven criteria that
need to be fully met in order to conclude that
an agent induces tumours of the kidney by an
α2u-globulin-associated response (IARC, 1999).
Three criteria were met for the present agent,
specifically: (1) induction of the characteristic
sequence of histopathological changes associated
with α2u-globulin accumulation; (2) identification of the accumulating protein as α2u-globulin;
and (3) induction of sustained increases in cell
proliferation in the renal cortex (NTP, 2004; Doi
et al., 2007). However, four of these criteria were
not met, specifically: (1) lack of genotoxic activity
of the agent and/or metabolite (1-tert-butoxypropan-2-ol was mutagenic in S. typhimurium TA97
and increased the frequency of micronucleated
erythrocytes in peripheral blood of B6C3F1
mice (see Section 4.2.2); (2) male rat specificity
for nephropathy and renal tumorigenicity
(nephropathy was also induced by 1-tert-butoxypropan-2-ol in female Fischer 344 rats) (NTP,
2004); (3) reversible binding of the chemical or
metabolite to α2u-globulin (no data were available on the binding of 1-tert-butoxypropan-2-ol
to α2u-globulin); and (4) similarities in dose–
response relationships of the tumour outcome
with histopathological end-points associated
with α2u-globulin nephropathy (Doi et al., 2007).
Regarding the issue of dose–response relationships between tumour outcome and α2u-globulin-associated effects in male rats, Doi et al.
(2007) compared renal tubule tumour responses
in 2-year studies with the extent of α2u-globulin
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nephropathy in 3-month studies conducted by
the NTP for several chemicals, including decalin,
1-tert-butoxypropan-2-ol, Stoddard solvent, and
d-limonene. While 1-tert-butoxypropan-2-ol had
the highest 90-day labelling index at doses used
in the carcinogenicity studies on these agents, it
caused the smallest increase in the number of
regenerating renal tubules, the fewest granular
cast count, and renal tubule tumour incidence
in male Fischer 344 rats that was higher than
that observed in the NTP database of historical
controls (NTP, 2004).
In B6C3F1 mouse liver, 2-year exposure
to 1-tert-butoxypropan-2-ol by inhalation
increased the incidence of eosinophilic foci in
exposed male and females, and of basophilic
foci and multinucleated hepatocytes in exposed
males. In Fischer 344 rat liver, 2-year exposure by
inhalation increased the incidence of basophilic
foci in males at all exposure concentrations and
increased clear cell foci in females at 1200 ppm
(Doi et al., 2004; NTP, 2004).
Liver weights were also increased in male
and female Fischer 344 rats and B6C3F1 mice
exposed to 1-tert-butoxypropan-2-ol by inhalation for 3 months (NTP, 2004).
Other target sites of 1-tert-butoxypropan-2-ol
were the nose and eyes of exposed Fischer 344
rats, and the nose, eyes, and forestomach of
exposed B6C3F1 mice. In the long-term inhalation
bioassays,
1-tert-butoxypropan-2-ol
increased hyaline degeneration of the olfactory
epithelium in rats, goblet cell hyperplasia in male
rats, and forestomach inflammation and squamous epithelial hyperplasia in male mice (Doi
et al., 2004; NTP, 2004).

5.

Summary of Data Reported

5.1 Exposure data
1-tert-Butoxypropan-2-ol is a solvent used as
a substitute for ethylene glycol mono alkyl ethers
and in all-purpose cleaners, coatings, inks, nail
polish, lacquers, latex paints, and adhesives.
Its use as a solvent may result in its release to the
environment through various waste streams.
The general population may be exposed to
1-tert-butoxypropan-2-ol through contact with
consumer products or as a result of environmental
contamination. No quantitative information
was available on occupational or environmental
exposure.

5.2 Human carcinogenicity data
No data were available to the Working Group.

5.3 Animal carcinogenicity data
In one well-conducted study that complied
with good laboratory practice (GLP) in male and
female mice treated by whole-body inhalation,
1-tert-butoxypropan-2-ol significantly increased
the incidence (with a significant positive trend)
of hepatocellular adenoma, of hepatocellular
adenoma or carcinoma (combined), and of hepatoblastoma in males; and significantly increased
the incidence (with a significant positive trend)
of hepatocellular adenoma, and of hepatocellular
adenoma or carcinoma (combined) in females.
In a second well-conducted GLP study in
male and female rats treated by whole-body
inhalation, 1-tert-butoxypropan-2-ol caused
a significant positive trend in the incidence of
hepatocellular adenoma, and the occurrence of
rare neoplasms of the renal tubules in males.
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5.4 Mechanistic and other relevant
data
No data on the absorption, distribution,
metabolism, and excretion of 1-tert-butoxypropan-2-ol in humans were available. One study
of oral administration and one study of inhalation were available in rats. Orally administered
1-tert-butoxypropan-2-ol is rapidly and extensively absorbed. Systemically absorbed 1-tertbutoxypropan-2-ol is uniformly distributed to
tissues throughout the body. 1-tert-Butoxypropan-2-ol is metabolized primarily to glucuronide and sulfate conjugates. These conjugates are
excreted in the urine. Much of the remainder
is exhaled as CO2. 1-tert-Butoxypropan-2-ol
undergoes very rapid metabolic clearance. Its
plasma half-life is 16 minutes in rats. Inhalation
of high vapour concentrations (e.g. 1200 ppm)
exceeds the capacity of conjugation, resulting in
supra-proportional increases in 1-tert-butoxypropan-2-ol blood concentrations.
With respect to the key characteristics
of carcinogens, there is weak evidence that
1-tert-butoxypropan-2-ol is genotoxic. No data in
humans were available. It gave marginally positive results for micronucleus formation in female
B6C3F1 mice, but negative results in males. It
gave negative results for induction of sister-chromatid exchange and chromosomal aberration in
Chinese hamster ovary cells in the presence or
absence of metabolic activation. 1-tert-Butoxypropan-2-ol was mutagenic in Salmonella typhimurium strain TA97 in the absence, but not the
presence, of metabolic activation. It gave negative
results in other strains.
Few other data on other key characteristics of
carcinogens were available.
Kidney weights, the renal tubule cell labelling
index, and kidney α2u-globulin concentrations
were increased in male rats exposed by inhalation; renal toxicity, including increased severity
of chronic nephropathy, was also evident in
female rats. Four of the seven criteria established
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by IARC for concluding that an agent induces
tumours of the kidney by an α2u-globulin-associated response were not met.
In the long-term inhalation bioassays,
1-tert-butoxypropan-2-ol increased hyaline
degeneration of the olfactory epithelium in rats,
goblet cell hyperplasia in male rats, and forestomach inflammation and squamous epithelial
hyperplasia in male mice.

6.

Evaluation

6.1 Cancer in humans
There is inadequate evidence in humans for
the carcinogenicity of 1-tert-butoxypropan-2-ol.

6.2 Cancer in experimental animals
There is sufficient evidence in experimental animals for the carcinogenicity of
1-tert-butoxypropan-2-ol.

6.3 Overall evaluation
1-tert-Butoxypropan-2-ol is possibly carcinogenic to humans (Group 2B).
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