
Pentane (all Isomers)

MAK value (2004) 1000 ml/m3 (ppm)≙ 3000 mg/m3

Peak limitation (2002) Category II, excursion factor 2

Absorption through the skin –

Sensitization –

Carcinogenicity –

Prenatal toxicity (2004) Pregnancy Risk Group D

Germ cell mutagenicity –

BAT value (2004) –

Synonyms pentane

Chemical name (CAS):

CAS number 109-66-0

n-pentane

78-78-4 iso-pentane

463-82-1 t ert-pentane

Structural formula CH3–(CH2)3–CH3

(H3C)2CH–CH2–CH3

C(CH3)4

Molecular formula C5H12

Molecular weight 72.15

Melting point –129.7°C n-pentane (HSDB 2004)

–159.9°C iso-pentane (HSDB 2004)

–16.6°C tert-pentane (HSDB 2004)

Boiling point 36.1°C n-pentane (HSDB 2004)

27.8°C iso-pentane (HSDB 2004)

9.5°C tert-pentane (HSDB 2004)

Vapour pressure (at 25°C) 685 h Pa n-pentane (HSDB 2004)
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(at 21.1°C) 793 hPa iso-pentane (HSDB 2004)

(at 25°C) 1719 hPa tert-pentane (HSDB 2004)

log KOW1) 3.39 n-pentane (HSDB 2004)

2.30 iso-pentane (HSDB 2004)

3.11 tert-pentane (HSDB 2004)

1 ml/m3 (ppm)≙ 2.99 mg/m3 1 mg/m3≙ 0.33 ml/m3 (ppm)

The MAK value of 1000 ml/m3 (3000 mg/m3) which was established in 1958 in ac-
cordance with the TLV value valid at the time. The present documentation is based
mainly on the reviews of toxicological data for pentane (ACGIH 2001; OECD
2001).

1 Toxic Effects and Mode of Action

The toxic effects and mode of action of iso-pentane and tert-pentane are similar to
those of n-pentane. In a study of n-pentane (purity 99%) applied semi-occlusively
to the skin of volunteers for 24 hours, n-pentane was determined to be clinically
not irritating. On the other hand, in an earlier study in volunteers with undiluted
pentane (isomeric form not specified; purity unclear), burning on the skin was re-
ported, and after the application of the substance for five hours pronounced irrita-
tion and the formation of blisters was observed. The isomers are absorbed by inha-
lation. In experiments with animals, the acute toxicity was found to be low. Expo-
sure to high n-pentane concentrations in the range of 30 000 to over 100 000 ml/m3

led to effects of increasing severity from anaesthesia to narcosis and respiratory
arrest. No effects were seen in rats after exposure to n-pentane concentrations of
20 000 mg/m3 (6600 ml/m3) for up to 90 days. No irritating or sensitizing effects
occurred in experiments with animals. n-Pentane yielded negative results in tests
with Salmonella typhimurium strains. In a test for chromosomal aberrations in
CHO cells, a questionably positive result was obtained in a repeated test series. In
the rat, n-pentane was not found to be genotoxic in micronucleus tests. Also iso-
pentane was not mutagenic in tests with Salmonella typhimurium. No toxic effects
on reproduction were found for n-pentane up to 10 000 ml/m3 or 1000 mg/kg body
weight. No data are available for the carcinogenicity of the three isomers.
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2 Mechanism of Action

On the basis of a regression analysis of the LC50 data in relation torelevant partition
parameters and the inclusion of pharmacokinetic data, Hau et al. (1999) concluded
that the mechanism of lethal toxicity in alcohols and alkanes is probably the result
of a non-specific biophysical reaction of the substance with the lipid membranes.

3 Toxicokinetics and Metabolism

The solubility of n-pentane in human blood is low (Perbellini et al. 1985). After
inhalation, the pentane isomers in humans and animals are rapidly metabolized
step by step to form CO2 (Van Rij and Wade 1987). In rat liver microsomes, n-
pentane was oxidized in vitro to 2-pentanol and 3-pentanol, and iso-pentane to 2-
methyl-2-butanol, 3-methyl-2-butanol, 2-methyl-1-butanol and 3-methyl-1-buta-
nol. tert-Pentane is hydroxylated to 2,2-dimethylpropanol in rat liver microsomes
(Frommer et al. 1970). After male F344 rats were exposed for 50 to 70 minutes via
inhalation to n-pentane, iso-pentane and tert-pentane, respectively 19.0%, 8.6% and
5.4%, of the dose was absorbed by the lungs. An association was observed between
the lower toxicity of the branched compounds and the lower percentage absorbed
of these compounds after inhalation (API 1987; Galvin and Marashi 1999 a, b;
Galvin and Panson 1999). The API study (1987) bears the note that it was taken out
of the API publication series. The authors state that the results could be out of date.
No serious deficiencies could be found after a review of the study, however. Pentane
penetrates the excised rat skin (Tsuruta 1982).
For an aqueous solution saturated with n-pentane, a dermal flux of 0.337 mg/

cm–2 × h–1 is obtained in the model of Fiserova-Bergerova et al. (1990) and of
0.007 mg/cm–2 × h–1 in that of Guy and Potts (1993). For the exposure of both
hands and forearms (about 2000 cm2), this corresponds to the absorption of
673 mg or 14 mg.
The elimination of n-pentane in rats occurs with a half-time of 7.8 minutes. After

n-pentane concentrations of more than 100 ml/m3, saturation was observed during
the course of elimination (Filser et al. 1983). After the exposure of rats to a mixture
of radioactively labelled and unlabelled n-pentane via inhalation for 8 hours, 50%
was exhaled as radioactive CO2. Of the total radioactivity, 7.6% was recovered in
the urine, 6.9% in the muscles, 3.4% in the liver and 2.2% in the small intestine. The
values found in the kidneys, lungs, testes, brain, heart, large intestine, spleen and fat
were in the range between 0.12% and 0.52%. The percentage of total radioactivity
found in tissue was given as 14.9%. A further 2% was found in the blood (Daugherty
et al. 1988).
n-Pentane can be generated in vivo during the peroxidative degradation of unsa-

turated fatty acids. The endogenous production of n-pentane was 8.1 nmol/h and
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kg body weight (585 ng/h and kg body weight) in rats, and 0.11 nmol/h and kg body
weight (8 ng/h and kg body weight) in humans (Filser et al. 1996).

4 Effects in Humans

4.1 Single exposures

Short-term inhalation exposure for 10 minutes to 5000 ml/m2 of a mixture consist-
ing of 76.5% n-pentane, 20.8% iso-pentane, 1.4% hexane and 1.3% butane did not
produce any impairment of health in volunteers (no other details) (ACGIH 2001).

4.2 Repeated exposure

Five cases of neuropathy were reported among the employees of a company that
produced leather belts (Gaultier et al. 1973). The neuropathy was associated with
the solvent mixture consisting of 80% pentane (no details of isomers), 14% heptane
and 5% hexane. In three cases, loss of appetite, weakness, paraesthesia, fatigue and
bilateral muscle failure mainly in the feet were observed. Electromyographic mea-
surements (recording the bioelectric activity of the muscles in the form of an elec-
tromyogram, as a rule by inserting needle electrodes) and determination of the
nerve conduction velocity confirmed damage to the peripheral nerves (Gaultier et
al. 1973; ACGIH 2001;).
Polyneuropathy was diagnosed in four persons after exposure for between

5 months and 7 years to a mixture consisting of 3% benzene, 3% toluene, 7.5%
octane, 10% heptane, 12.5% n-hexane, 13% n-pentane and 51% unknown compo-
nents. The authors suspect that n-hexane caused the polyneuropathy (Takeuchi
et al. 1975).

4.3 Local effects on skin and mucous membranes

Undiluted pentane (isomeric form not specified; purity unclear) was applied to the
skin using open glass rods. The volunteers reported persistent burning on the skin,
accompanied by stinging. Pronounced irritation with blister formation was ob-
served after exposure for five hours. A narcotic effect was not reported by the vol-
unteers (Oettel 1936).
2.0 ml undiluted n-pentane (purity > 95%) was applied directly to the skin of 15

volunteers. After 15 minutes, the site of application was covered with a semiperme-
able surgical dressing for 24 hours. According to the study protocol, the skin was
investigated 30 minutes and 24 hours after the removal of the dressing. The publi-
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cation does not mention the results found after 30 minutes. After 24 hours, erythe-
ma with a Draize score of 1 was reported in 4 volunteers; the average score was
0.27 (maximum score: 4). There were no findings in the other volunteers. n-Pen-
tane was regarded as clinically not irritating by the authors (McKee et al. 1998).

4.4 Allergenic effects

There are no data available for the allergenic effects of the pentane isomers.

4.5 Reproductive toxicity

There are no data available for the toxic effects on reproduction of the pentane
isomers.

4.6 Genotoxicity

There are no data available for the genotoxicity of the pentane isomers.

4.7 Carcinogenicity

There are no data available for the carcinogenicity of the pentane isomers.

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

5.1.1 Inhalation

After single exposures, the toxicity of the pentane isomers is low. The 4-hour LC50

for n-pentane in rats was higher than 6106 ml/m3 (18 260 mg/m3) (Galvin and
Marashi 1999 a). Fühner (1921) reported that the inhalation of n-pentane concen-
trations of 270 000 mg/m3 did not have narcotic effects in the mouse, while
380 000 mg/m3 caused narcosis with a possibly lethal effect. Exposure to n-pentane
concentrations of 130 000 ml/m3 (388 700 mg/m3) for 30 minutes was lethal for
mice (ACGIH 2001). Mice were narcotized after 5 to 60 minutes exposure to n-
pentane concentrations of 90 000 to 120 000 ml/m3 (269 100–358 800 mg/m3)
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(Galvin and Marashi 1999 a). Groups of 4 Swiss mice were exposed to n-pentane
concentrations of 1000, 2000, 4000, 8000, 16 000, 32 000, 64 000 and 128 000 ml/m3

(2990, 5980, 11 960, 23 920, 47 840, 95 680, 191 360 and 382 720 mg/m3) in an expo-
sure chamber for 5 minutes, and the effect of the exposure on the respiratory tract
of each mouse was recorded using a plethysmograph (a device for measuring and
recording changes in lung volume; the course of the curve can provide information
on narcotic and irritating effects of a compound after inhalation). An anaesthetizing
effect and irritation of the respiratory tract in mice were observed after 5 minutes
exposure to n-pentane concentrations of 32 000 to 64 000 ml/m3; there were no
anaesthetic effects after exposure to n-pentane concentrations of 16 000 ml/m3.
The animals were narcotized at 128 000 ml/m3 (Swann et al. 1974). After repeated
exposure of male CD-1 mice to n-pentane concentrations of 5559 ml/m3

(16 620 mg/m3) for one minute, no irritation in the upper respiratory tract was ob-
served (Galvin and Marashi 1999 a).
In 6 mice, slight narcosis was observed after 10 minutes exposure to n-pentane

concentrations of 70 000 ml/m3 (209 300 mg/m3) and after 1.3 minutes exposure to
90 000 ml/m3 (269 100 mg/m3) (Stoughton and Lamson 1936). Five of 11 animals
died after exposure for 2 hours to n-pentane concentrations of 100 000 ml/m3

(299 000 mg/m3), and 9 of 10 animals after exposure to 110 000 ml/m3

(328 900 mg/m3). Slight narcosis was observed after 11.6 minutes in 6 mice after
exposure to iso-pentane concentrations of 90 000 ml/m3 and after 30 minutes in 5
mice after exposure to tert-pentane concentrations of 20 000 ml/m3 (59 800 mg/
m3). Two of 10 mice died after exposure for 2 hours to iso-pentane concentrations
of 13 000 ml/m3 (38 870 mg/m3), and 2 of 5 mice after exposure to tert-pentane
concentrations of 340 000 ml/m3 (1 016 600 mg/m3). The reaction of mice to milk
within a fixed period of time after the inhalation of n-alkanes such as n-pentane
was used to obtain information about the reaction behaviour of exposed animals.
After the inhalation of n-pentane concentrations of 36 130 ml/m3 (108 030 mg/m3)
for 30 minutes, the mice no longer reacted within 60 seconds to the milk offered
them (Glowa 1991).
An LC50 of 422 730 ml/m3 (1282 mg/l) was found for iso-pentane in Charles-River

rats (groups of 5 male and 5 female animals) after exposure for 4 hours to nominal
concentrations of 842, 1241, 1423 and 1842 mg/l (corresponding to 277 860,
409 530, 469 590 and 607 860 ml/m3). The recovery period was 14 days. Anaesthe-
sia occurred 10 minutes after the start of exposure and persisted until the end of
the exposure period or the animal’s death. The survivors recovered within 20 min-
utes. Tremor was observed before death in the animals that died. At autopsy, the
lungs of the rats exposed to iso-pentane concentrations of 1423 mg/l did not col-
lapse after the thorax was opened; this was considered to be related to the expo-
sure to iso-pentane (no other details). There were no other findings (Galvin and
Marashi 1999 b).
In mice, iso-pentane was slightly narcotic at 90 000 and 110 000 ml/m3 (269 100

and 328 900 mg/m3) after 11.6 and 3.0 minutes; no lethal effects occurred after ex-
posure for two hours. These effects occurred at concentrations of 130 000 ml/m3

6 Pentane (all Isomers)



(388 700 mg/m3) and above (2 of 10 animals); 50% of the 10 animals used died after
140 000 ml/m3 (418 600 mg/m3) (Stoughton and Lamson 1936). A study of the irri-
tative effects on the respiratory tract of iso-pentane is described by Galvin and
Marashi (1999 b). Four male CD-1 mice were exposed head-only to iso-pentane
concentrations of 32 540 mg/m3 and the effects of the exposure on the respiratory
tract in each mouse were recorded using a plethysmograph. After exposure for one
minute and an interval of 10 minutes, the animals were exposed for a further min-
ute followed by an interval of 5 minutes. No irritative effects were observed.
Stoughton and Lamson (1936) observed slight narcosis after 11.6 minutes in 6 mice
exposed to iso-pentane concentrations of 90 000 ml/m3 (269 100 mg/m3). Two of
10 animals died after exposure for 2 hours to iso-pentane concentrations of
13 000 ml/m3 (388 700 mg/m3).
In mice exposed for 2 hours, tert-pentane concentrations of 200 000 ml/m3

(598 000 mg/m3) produced slightly narcotic effects after 30 minutes, and after expo-
sure to 270 000 ml/m3 (807 300 mg/m3) narcosis after 3 minutes. After exposure to
340 000 ml/m3 (1 016 600 mg/m3) for 2 hours 40% (2 of 5 animals) died (Stoughton
and Lamson 1936).

5.1.2 Ingestion

The toxicity of n-pentane (purity > 95%) was investigated in the rat according to
Annex V, Part B.1 of the EU guideline (European Commission 1993) after oral ad-
ministration of doses of up to 2000 mg/kg body weight. One rat died one hour after
administration as a result of an error during intubation. The clinical symptoms ob-
served were oral and nasal discharge, swollen abdomen, anogenital staining and soft
or mucus stools. The remaining nine animals survived the end of the study (14
days); the gross pathological examination after killing the animals yielded no find-
ings. The LD50 is stated by the authors to be greater than 2000 mg/kg body weight
(McKee et al. 1998).

5.1.3 Dermal absorption

The dermal penetration rate of n-pentane through excised rat skin is 0.519 nmol/
min and cm2 (73.4 ng/min and cm2) with a lag time of 3.11 hours (Tsuruta 1982).

5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

In an exposure chamber, groups of 10 male Crl:CD®BR rats were exposed to n-pen-
tane concentrations of 0, 1000, 3000 or 10 000 ml/m3 (purity 99.5%–99.6%) for
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6 hours a day on 5 days a week for two weeks. Analytical determination of the ex-
posure concentrations yielded n-pentane concentrations of 990 ± 11, 3100 ± 160
and 9900 ± 170 ml/m3 (2960 ± 33, 9270 ± 478 and 29 600 ± 508 mg/m3). Five ani-
mals per group were killed after the tenth exposure, the remaining animals after a
14-day observation period. Toxicity, behaviour, body weights, clinical pathology,
gross and microscopic pathology and organ weights were investigated. No conspic-
uous clinical findings were observed and there were no relevant changes in body
weights. The treated animals behaved normally in the functional observational bat-
tery (FOB). Increases (about 10%) in the concentrations of calcium and phosphorus
in serum were found in the animals exposed to n-pentane concentrations of 3000
and 10 000 ml/m3, which were reversible within the two-week observation period.
Pathological changes were not observed. A NOAEL (no observed adverse effect le-
vel) of 1000 ml/m (2990 mg/m3) is given by the authors for n-pentane, taking the
reversible changes in both clinical parameters into account (Stadler et al. 2001).
On the basis of the results of a range-finding study (concentrations in the lower

explosive limit range), n-pentane concentrations of 0, 5000, 10 000 or 20 000 mg/
m3 (purity > 95%) (analysed values 5097 ± 79, 10 203 ± 151 and 20 483 ± 734 mg/
m3) were used in the 90-day inhalation study performed according to Annex VIII of
the EU guideline (European Commission 1993). Groups of 10 male and 10 female
Sprague Dawley rats were exposed in whole-body chambers for 6 hours a day on
5 days a week for 13 weeks. Haematological and clinico-chemical parameters were
determined immediately before killing the animals. The adrenal glands, brain, epi-
didymis, kidneys, liver, lungs, trachea, prostate gland, seminal vesicles with coagula-
tion glands, spleen, testes, ovaries, thymus and uterus were weighed. The tissue
samples listed in the guideline were taken for microscopic examination from the
animals of the highest exposure group and the controls. All animals survived. The
observed clinical symptoms , a statistically significant increase in food consumption
and body weight gains, were considered by the authors to be incidental. For the
parameters organ weights, haematology and clinical chemistry, there was no evi-
dence that the treatment had had any influence. Ophthalmological and microscopic
examination of the organs and tissues yielded no findings. The NOAEL for n-pen-
tane given by the authors is 20 000 mg/m3 (6600 ml/m3) (McKee et al. 1998).
No effects on the kidneys of rats were found by the end of a study after 90 days

inhalation exposure to a mixture of iso-pentane and iso-butane (50:50 percent by
weight) in concentrations of up to 4500 ml/m3. However, male rats that were killed
after 28 days did show slight signs of nephropathy (Aranyi et al. 1986). This study
cannot be used in the evaluation as the animals were exposed to a mixture of
substances.
To study the neurotoxicity of n-pentane, male Wistar rats (number not stated)

were exposed to n-pentane (purity over 99%), n-hexane or n-heptane in an
exposure chamber for 12 hours a day on 7 days a week for 16 weeks. Determi-
nation of the concentrations by gas chromatography yielded concentrations of
3080 ± 200 ml/m3 (corresponding to 9210 ± 600 mg/m3) for n-pentane. The con-
duction velocity of the tail nerves was used as a parameter for the functional state
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of the peripheral nerves. The tail nerve was stimulated by pulses of 0.3 milliseconds
in duration. Two animals from the n-hexane group and one animal from each of
the other groups were subjected to morphological examination after the end of ex-
posure. During exposure, the animals exposed to n-pentane behaved normally. Un-
like in the animals exposed to n-hexane, no signs of neurotoxicity, determined via
the nerve conduction velocity, were observed in the group exposed to n-pentane.
The muscles of the lower leg and the tail and tibial nerves were examined using
light and electron microscopy. No changes were found (Takeuchi et al. 1981).
Six to nine male Sprague Dawley rats were exposed for 9 hours a day on 5 days a

week for 30 weeks to n-pentane concentrations of 3000 ml/m3 (8970 mg/m3) (pur-
ity 99%). At specified times, the animals were weighed and subjected to a physiolo-
gical test for neuromuscular function in which the degree to which the hind limbs
splayed on landing after the animal was dropped from a height of 32 cm was deter-
mined. To determine the metabolites in urine, 2 to 3 animals were kept in meta-
bolic cages. A number of animals were killed at specific times for histological exam-
ination of the nerve tissue. No signs of neuropathy were observed in any of the
animals. There was a difference in the body weight gains of the exposed animals
and the controls. In the test for neuromuscular functions, great individual differ-
ences in the animals were found. Histological investigation of the nerve tissue
yielded no findings. The results of the urinalysis regarding metabolites were not
given (Frontali et al. 1981).

5.2.2 Ingestion

After groups of 10 male Fischer rats were given gavage doses of n-pentane of 0, 500
and 2000 mg/kg body weight for 4 weeks, 40% of the rats in the high dose group
and 20% of those in the low dose group were dead. The absolute kidney weights
were significantly lower in the treated animals. Gross pathological examination re-
vealed varying lesions in the stomach region, liver and kidneys. Histopathological
examination of the kidneys for hyaline droplet formation (by staining a tissue sec-
tion with Mallory-Heidenhain solution) and epithelial regeneration and tubular di-
lation (by staining a second tissue section with eosin and haematoxylin) yielded no
unusual findings. iso-Pentane was also investigated in this study at the same dose
levels. iso-Pentane was likewise not found to be nephrotoxic in doses of 500 mg/kg
body weight. Ninety percent of the animals died after doses of 2000 mg/kg body
weight. The results of the kidney examination (“nephropathy score”) are not given
for this dose. (API 1985; Halder et al. 1985). The API (1985) study bears a note that
it was taken out of the API publication series. The authors state that the results
could be out of date. No serious deficiencies could be found after a review of the
study, however.
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5.3 Local effects on skin and mucous membranes

The effects of n-pentane (purity > 95%) on rabbit skin was tested according to the
Draize recommendations, the guidelines of the European Commission (1993) and
those of the OECD (1987). Forty-five minutes after application of the substance,
erythema with a score of 1 was found in most of the animals, and with a score of 2
in one animal. After 24 hours, erythema with an average score of 0.83 was still visi-
ble in 4 animals and erythema with a score of 1 in one animal. After 48 hours,
erythema with a score of 2 was observed in one animal (average score 0.33). Erythe-
ma was still found after 72 hours, but no longer after 7 days. The overall primary
irritation score according to Draize (maximum score: 4) was 0.67 (McKee et al.
1998).
In another test, the effects of n-pentane (purity > 95%) on the eye were investi-

gated. The test was carried out according to Annex V, Section B.5 of the EU guide-
line (European Commission 1993). One hour after application of the substance,
reddening of the conjunctiva was found in all three animals, in addition to chemosis
(circular conjunctival swelling) and pus in one animal. Redness was the only finding
after 24 hours; the scores (determined according to Draize) for eye irritation were
between 2 and 4, the average score was 1.33. After 48 hours, redness was found in
only one animal, the average score for eye irritation was 0.33 (maximum score:
110). There were no findings after 72 hours (McKee et al. 1998).

5.4 Allergenic effects

A Magnusson-Kligman test was carried out with 20 white Hartley guinea pigs ac-
cording to Annex V, Section B.6 of the EU guideline (European Commission 1993).
A surface area of 4 × 6 cm of skin was shaved in the scapular region of the animals.
Each animal was given an intradermal injection of 50/50 (v/v) Freund’s complete
adjuvant/water, n-pentane (5%) in ethanol and a mixture of 5% n-pentane in 50/50
(v/v) Freund’s complete adjuvant/water. The 20 animals of the vehicle control were
also given these injections, but without n-pentane. The positive control comprised
15 animals, to which a 2% solution of dinitrochlorobenzene (DNCB) in a 70/30
mixture of ethanol and acetone was administered. One week after the injections,
the skin of the animals was shaved again and after the application of 0.5 ml n-pen-
tane was covered with an occlusive dressing for 48 hours. Two weeks later, 0.4 ml
of a 1% or 100% n-pentane solution was applied to untreated areas of skin. The
animals were bandaged again and the dressing removed after 24 hours for immedi-
ate assessment, and after a further 24 hours for subsequent assessment of the skin.
No apparent differences between the animals of the vehicle control and the treated
animals were found. Sensitization was observed in the animals of the positive con-
trol. In this test, n-pentane was not found to have sensitizing potential (McKee et
al. 1998).
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5.5 Reproductive toxicity

In a dose-finding assay for a study of the developmental toxicity of n-pentane, ga-
vage doses (purity > 95%) in corn oil of 250, 500, 750 or 1000 mg/kg body weight
per day (duration not specified) were administered to 7 pregnant animals. In the
authors’ opinion there were no noteworthy findings in the foetuses; in the available
publication, however, no corresponding data, for either the dams or the foetuses,
are to be found which could support this (McKee et al. 1998).
The subsequent main study of the developmental toxicity of n-pentane (McKee

et al. 1998) was carried out according to the 1987 EU test guideline (European
Commission 1987). Gavage doses of n-pentane (purity > 95%) in corn oil of 100,
500 and 1000 mg/kg body weight were administered to groups of 25 pregnant Spra-
gue Dawley rats once a day on gestation days 6 to 15. The rats in the control group
were given corn oil only. The animals were killed on day 21 of gestation, and the
foetuses removed by caesarean section. After dissection, all dams were subjected to
gross pathological examination, their uterus weight was determined, the uterus
content examined and the implant status determined. After determining their sex,
all live foetuses were weighed and examined for external malformations. After this,
around half of the foetuses of each litter were assessed for organ changes. In addi-
tion, the head of these foetuses after corresponding preparation was investigated
for anomalies. The remaining foetuses were eviscerated and processed for skeletal
staining. The skeletons were investigated for the presence of malformations and
ossification variations.
No substance-related mortalities occurred, and there were no unusual clinical or

autopsy findings in the dams. One control animal and one animal in the group
given 100 mg/kg body weight gave birth before the determined time and were
therefore killed prematurely; the litter data of these two animals were not included
in the further analysis of the data. There were no statistically significant differences
in the food consumption, body weights, body weight gains (absolute and corrected),
uterus weights and pregnancy parameters of the dams of the control and the trea-
ted groups. Nor were any statistically significant differences found in the foetuses
or litters of the various groups with regard to body weights, the occurrence of ex-
ternal, skeletal or total malformations or malformation of the organs, or the degree
of ossification of the skeletons (McKee et al. 1998).
Groups of 7 or 8 female Crl:CD®BR rats were exposed (whole body) to n-pentane

concentrations of 0, 1000, 3000 or 10 000 ml/m3 (purity 99.5% to 99.6%) for 6 hours
a day on days 6 to 15 of gestation. The analysed values were 990 ± 11, 3100 ± 160
and 9900 ± 170 ml/m3 (2960 ± 33, 9270 ± 478 and 29 600 ± 508 mg/m3). The dams
were sacrificed using carbon dioxide and subjected to gross pathological examina-
tion. After the opening of the uterus, the number and position of live, dead and
resorbed implants was determined, as well as the number of corpora lutea per
ovary. In the animals not pregnant, the uterus was stained with ammonium sulfide
to identify very early resorptions. After determining the sex and weight of the foe-
tuses, they were examined for external malformations.
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All female rats survived the exposure period. No differences were found in the
treated and untreated animals as regards body weight gains and food consumption,
and clinical symptoms. The incidence of resorptions was slightly increased in the
two high exposure groups compared with that in the controls. However, as this was
not concentration-dependent, and the values were within the upper range of histor-
ical control data, it was regarded as a spontaneous finding. Likewise, no effects were
recognizable in the remaining pregnancy parameters (including incidence of preg-
nancy, number of implants, corpora lutea and live foetuses/dam). The foetus
weights were slightly reduced in the treated groups compared with those of the
control group. However, the authors do not attribute any toxicological relevance to
these findings, as they were not concentration-dependent and without statistical
significance. Furthermore, no external malformations were recognizable in the off-
spring (Hurtt and Kennedy 1999). From the results of this study with its limited
number of animals and restricted study scope, the authors therefore reach the con-
clusion that, under the selected exposure conditions, n-pentane has no adverse ef-
fects on dams, pregnancy parameters or foetuses.

5.6 Genotoxicity

To determine the mutagenicity of n-pentane and iso-pentane a modified test with
Salmonella typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538 was
carried out in the absence and presence of a metabolic activation system. The agar-
agar dishes containing the strains were exposed to the test substance in the gaseous
phase in a dessicator for 6 hours. n-Pentane was found to be cytotoxic in concen-
trations of 25% and 50%, so that additional investigations were carried out with 1%,
2%, 5%, 8% and 10% n-pentane in air. Mutagenic effects were not observed. iso-
Pentane was toxic in concentrations of 10% and above; additional investigations
with 1%, 2%, 5% and 8% iso-pentane in air yielded no evidence of a mutagenic po-
tential (Kirwin et al. 1980).
A test for chromosomal aberrations in CHO cells was carried out with n-pentane

according to Annex V, Section B.10 of the EU guideline (European Commission
1993). As n-pentane has a boiling point of 37°C, flasks sealed with septa were used
for incubation. Based on the results of a pilot study, concentrations of 300 to
1500 μl/ml were used. The test concentrations were not verified analytically. The
test was carried out both in the absence and presence of a metabolic activation
system (rat liver S9). Dimethylbenz[a]anthracene (DMBA) and methylnitronitroso-
guanidine (MNNG) were used as positive controls. In each case, 200 metaphases
were investigated. The cultures treated with 300, 1000, 1200 and 1500 μg/ml, which
were used without metabolic activation, were harvested after 20 and 44 hours and
evaluated. To evaluate the preparation with metabolic activation, the cultures trea-
ted with 600, 900 and 1100 μg/ml were selected.. There were no significant differ-
ences in the 20-hour repeat without metabolic activation or in any of the 44-hour
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assessments. In the 20-hour cultures with metabolic activation, an increasing, dose-
dependent trend in the percentage of changed (abnormal) cells was found, which
was significant in the cells treated with 1200 μg/ml and 1500 μg/ml compared with
the number found in the control cultures (McKee et al. 1998).
On account of these somewhat questionable results, as the authors describe, also

a micronucleus test was carried out in conjunction with the 90-day inhalation study
performed with n-pentane (McKee et al. 1998). The animals were killed one day
after the final exposure, and one femur from 5 male and 5 female rats per group
was removed and prepared. Another group of 5 rats, which had been given oral
cyclophosphamide doses of 20 mg/kg body weight 3 times for 3 days, served as po-
sitive controls. The percentage of polychromatic erythrocytes in the entire popula-
tion of erythrocytes was determined by counting 1000 polychromatic erythrocytes
and the normochromatic erythrocytes. 2000 polychromatic erythrocytes per animal
were investigated for the presence of erythrocytes with micronuclei. For the ani-
mals exposed to n-pentane, the test yielded negative results; the positive controls
produced positive results (McKee et al. 1998).

5.7 Carcinogenicity

There are no data for the carcinogenicity of any pentane isomer in animals.

6 Manifesto (MAK value, classification)

Like other hydrocarbon solvents, pentane induces central nervous depression at
high levels of exposure. There are no precise data available for the threshold level
in humans . In a 13-week study with rats, no effects could be found for n-pentane
at the highest concentration tested of 6660 ml/m3 (20 000 mg/m3). The MAK value
for n-hexane was set at 50 ml/m3 on account of its specific neurotoxicity, that for
the hexane isomers at 200 ml/m3 and for n-heptane at 500 ml/m3. The MAK value
for n-butane is 1000 ml/m3, and that for propane 1000 ml/m3.
As no effects were found in a 13-week study with rats exposed to concentrations

of up to more than 6000 ml/m3, and the toxicity of the branched compounds has
been observed to be lower than that of n-pentane, the MAK value of 1000 ml/m3

has been provisionally retained for all pentane isomers. As no irritative effects are
to be expected in the concentration range of the MAK value, pentane has been
classified in Peak Limitation Category II with an excursion factor of 2.
Two prenatal developmental toxicity studies with rats exposed on gestation days

6 to 15 are available. In one study, no maternal or developmental toxicity was found
after oral doses of n-pentane of up to 1000 mg/kg body weight. In the other study,
the animals were exposed via inhalation to n-pentane concentrations of 1000, 3000
or 10 000 ml/m3. In the two high exposure groups only slight changes occurred,
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which were not concentration-dependent and regarded by the authors not to be
adverse. Therefore, developmental toxicity is not to be expected if the MAK value
of 1000 ml/m3 is observed. However, as studies involving a second species are not
available, the substance is classified in Pregnancy Risk Group D, tending towards C.
The studies did not yield any evidence of genotoxic effects. There are no data

available regarding carcinogenic effects. There are no data available for sensitization
in humans, but a maximization test in guinea pigs yielded negative results. There-
fore, the substances are not designated with “Sh”, and as no data is available for
sensitization of the respiratory tract nor with “Sa”.
Assuming a respiratory volume of 10 m3 per shift and the absorption of 50% of

the substance, inhalation exposure to pentane for 8 hours at the level of the MAK
value of 1000 ml/m3 (3000 mg/m3) would result in the absorption of 15 000 mg.
Compared with this, the level of dermal penetration calculated according to the
more favourable model is so low that observance of the MAK value provides suffi-
cient protection even when there is additional skin contact with solutions contain-
ing pentane. Extended periods of dermal exposure to undiluted pentane can be ex-
cluded because of its high vapour pressure. Pentane is therefore not designated with
an “H”.
No data are available which justify classification of the substance in one of the

categories for germ cell mutagens.
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