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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in
the Work Area has re-evaluated the maximum concentration at the workplace (MAK value)
of n-, sec-, iso- and tert-butylamine, considering local and systemic toxicity as well as develop-
mental toxicity. Daily exposure of rats to n-butylamine for 14 days resulted in inflammation of
respiratory epithelium at 17 ml/m?®. Since 2014, the Commission uses an empirical approach to
set MAK values for substances with critical effects on the upper respiratory tract or the eyes,
which would result in lowering the MAK value for #-butylamine. However, workers reported no
irritation at 1 to 2 ml #-butylamine/m?. Therefore, the MAK value of 2 ml/m? is confirmed, also
for sec- and iso-butylamine due to similar structure, pKa and RDs, values. With tert-butylamine
the LOAEC of 66 ml/m?® in rats in a 13-week study resulted in nasal tissue inflammation and
liver weight increase. Following the empirical approach, the same MAK value of 2 ml/m? is set
for tert-butylamine. As local effects might be or are critical, Peak Limitation Category I and an
excursion factor of 2 and a momentary value of 5 ml/m? are assigned for all butylamine isomers.
Developmental toxicity studies with #-butylamine show that damage to the embryo or foetus is
unlikely if the MAK value is not exceeded and thus #-butylamine is assigned to Pregnancy Risk
Group C. Due to the lack of developmental toxicity studies, sec-, iso- and tert-butylamine are
assigned to Pregnancy Risk Group D.
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n-Butylamine  [109-73-9]
sec-Butylamine [13952-84-6]
iso-Butylamine [78-81-9]

Supplement 2016

MAK value (2006)
Peak limitation (2006)
Momentary value (2006)

2 ml/m3 (ppm) £ 6.1 mg/m?
Category |, excursion factor 2
5 ml/m3 (ppm) £ 15 mg/m3

Absorption through the skin -
Sensitization -
Carcinogenicity -
Prenatal toxicity (2006)
Prenatal toxicity (2015)

n-butylamine: Pregnancy Risk Group C

sec-butylamine, iso-butylamine:
Pregnancy Risk Group D

Germ cell mutagenicity -

BAT value -

1 ml/m? £ 3,035 mg/m3 1 mg/m? £ 0.329 ml/m?

tert-Butylamine [75-64-9]

Supplement 2016

MAK value (2015)
Peak limitation (2015)
Momentary value (2015)

Absorption through the skin

2 ml/m3 (ppm) £ 6.1 mg/m?
Category |, excursion factor 2

5 ml/m?3 (ppm) £ 15 mg/m?3

The MAK Collection for Occupational Health and Safety 2019, Vol 4, No 4



n-Butylamine, sec-Butylamine, iso-Butylamine, tert-Butylamine 1883

Sensitization -
Carcinogenicity -
Prenatal toxicity (2015)
Germ cell mutagenicity -

Pregnancy Risk Group D

BAT value -

1 ml/m? £ 3,035 mg/m?3 1 mg/m? £ 0.329 ml/m?

n-Butylamine

sec-Butylamine

iso-Butylamine

tert-Butylamine

Molar mass

73.14

73.14

73.14

73.14

[g/mol]

Melting point [°C] -50" -104? -87% -66%

Boiling point 77-78Y 63% 68% 447

at 1013 hPa [°C]

Vapour pressure ~ 122-128Y 2372 1847 495

at 25 °C [hPa]

log Kow? 0.97Y 0.74% 0.73% 0.4%

pK, 10.78Y 10.6% 10.7% 10.7%

Solubility 1000 g/1 112g/1 1000 g/1 1000 g/1

in water (no other at 20 °C? at 25 °C? at 25 °C?
details)?

Y OECD 2011

2 SRC 2005

¥ octanol/water partition coefficient

In 2014, the Commission started using a physiologically and empirically-based pro-
cedure for deriving MAK values for substances that have an effect on the upper
respiratory tract and eyes; it also describes criteria for classification as a sensory
irritant (Briining et al. 2014). The MAK value has been reviewed for this reason.

The MAK value for n-butylamine, sec-butylamine and iso-butylamine of 2 ml/m?,
with irritation as the critical effect, was derived in 2006 with data for other aliphatic
amines on account of their structural similarity. tert-Butylamine was classified in
Section II b because no studies with repeated administration were available for zert-
butylamine, and other systemic effects (primarily transmitter properties) besides
irritation were assumed to occur (documentation ,n-Butylamine, sec-Butylamine,
iso-Butylamine” 2007). However, a MAK value can now be derived because two
inhalation studies in rats have become available for tert-butylamine.

Information from the registration data publicly available under REACH (ECHA
2014) has also been included.
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Effects in Humans

It was already described in the 2007 documentation (documentation “z-Butylamine,
sec-Butylamine, iso-Butylamine” 2007) that daily exposure of workers to n-butyl-
amine concentrations of 5 to 10 ml/m?induced irritation of the nose, throat and eyes
as well as headaches. Exposure to 10 to 25 ml/m?® was tolerated only for a few min-
utes. No complaints were recorded after exposure to n-butylamine below 5 ml/m?
the concentrations were mostly between 1 and 2 ml/m?. There were no other details
about the number of workers, exposure periods or concentration peaks (Beard and
Noe 1981).
No other data are available.

Animal Experiments

Acute toxicity
Inhalation

RD;, values of 84 ml/m? to 246 ml/m* were determined for n-butylamine in dif-
ferent mouse strains; the corresponding RDj, values for iso-butylamine and tert-
butylamine were 91 ml/m?® and 178 ml/m?, respectively (documentation “z-Butyl-
amine, sec-Butylamine, iso-Butylamine” 2007). Data have not become available for
sec-butylamine.

Subacute, subchronic and chronic toxicity
Inhalation

No data applicable to this section have become available for sec-butylamine or iso-
butylamine.

n-Butylamine

In a range-finding study for a developmental toxicity study that was described in
the 2007 documentation (documentation “n-Butylamine, sec-Butylamine, iso-Butyl-
amine” 2007), pregnant female rats were exposed to z-butylamine concentrations of
0,12,41 or 117 ml/m?for 6 hours per day, for 5 days. The concentration of 117 ml/m?
caused clinical signs of irritation, but there were no findings in the nasal epithelial
cells or any other effects.

The developmental toxicity study described in the 2007 documentation (docu-
mentation “zn-Butylamine, sec-Butylamine, iso-Butylamine” 2007) was carried out
according to OECD Test Guideline 414. Pregnant Wistar rats were exposed to n-bu-
tylamine concentrations of 0, 17, 50 or 152 ml/m? on 14 consecutive days for 6 hours
per day, and the respiratory tract was examined histopathologically in 10 animals per
concentration group. The LOAEC (lowest observed adverse effect concentration)
was 17 ml/m? because at this concentration and above, inflammatory cells (in 3, 9
and 10 of 10 animals), squamous metaplasia (in 1, 5 and 10 of 10 animals) and tran-
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sitional cell hyperplasia (in 1, 6 and 0 of 10 animals) were observed in a concentra-
tion-dependent manner in the respiratory epithelium of the dams, but none of these
findings occurred in the animals of the control group. The n-butylamine concen-
tration of 152 ml/m? also caused necrosis in the mucosa (in 5 of 10 animals) and of
the nasal bone (in 1 of 10 animals) (documentation “#-Butylamine, sec-Butylamine,
iso-Butylamine” 2007).

The findings from this study have been re-evaluated. It is striking that no find-
ings were obtained in any animal from the control group; this results in a steep
dose—response relationship. As pregnant animals were used and these have a higher
respiratory rate, exposure of the respiratory tract is greater than in animals that are
not pregnant. Moreover, the fact that the animals were exposed on 14 consecutive
days without a 2-day recovery period after 5 exposure days may have increased
the effect. For these reasons, the concentration of 17 ml/m? lies on the boundary
between the NOAEC (no observed adverse effect concentration) and the LOAEC
and would probably be a NOAEC for animals that were not pregnant and exposed
for 5 days per week.

tert-Butylamine

The 2007 documentation did not yet contain any data for terz-butylamine (docu-
mentation “n-Butylamine, sec-Butylamine, iso-Butylamine” 2007).

A NOAEC of 66 ml/m?® was obtained for tert-butylamine in a 28-day inhalation
study with groups of 15 male and 15 female Sprague Dawley rats. The haemoglobin
concentration was reduced at 165 ml/m? and a poor general state, breathing pro-
blems, irritation of the nose and conjunctiva, and effects on the gastrointestinal tract
were observed at 661 ml/m?. The animals were exposed to fert-butylamine vapour
(see Table 1; BASF 1988). As the number of section levels of the nasal turbinates and
trachea was not specified, it is assumed that only one plane of section was investi-
gated. For this reason, effects on the nose caused by the irritant amine, which were
observed in the 13-week study, may have been overlooked. The study was carried
out at a time when the examination of the larnyx was not required, which means
that mild effects may have been overlooked here, too. However, these findings are
primarily observed after exposure to aerosols.

In a 13-week inhalation study, groups of 15 male and 15 female Sprague Dawley
rats were exposed to tert-butylamine concentrations of 0, 200, 500 or 2010 mg/m?®
(0, 66,165 or 661 ml/m?). Histopathological examination of most organs was carried
out only in the animals of the control group and the high concentration group, while
the bone marrow and nasal turbinates were investigated in all concentration groups.
As the number of section levels was not specified, it is assumed that only one section
of the nasal turbinates was examined in this study, too. Some of the males of the low
concentration group of 66 ml/m?® were hypoactive and had reduced relative liver
weights, nasal discharge and breathing problems (see Table 1). Chronic inflamma-
tion of the turbinates was observed in 3 animals, but in only 1 animal of the next-
higher concentration group. The NOAEC was 66 ml/m?in the females. At 165 ml/m?
and above, breathing problems and irritation of the eyes and upper respiratory tract
were found in both sexes; severe irritation of the respiratory tract was observed at
the high concentration. Effects on the lungs were not observed. The reduced liver
weights, particularly in the high concentration group, were thought to be caused by
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1888 MAK Value Documentations

the substance because they were accompanied by increased liver enzyme levels in
the blood. There were no histopathological changes or associated clinico-chemical
findings in the liver. The other organ weight changes were regarded as secondary ef-
fects of the general toxicity, which was manifest in the form of reduced body weights
(BASF 1985). In 1985, the examination of the larynx was not required. A NOAEC
was not determined for the trachea because only the high concentration group was
examined and inflammation was observed. Therefore, it cannot be ruled out that
effects may also have occurred in the females at 66 ml/m? Because of the effects
found in males, this concentration is regarded as the LOAEC.

Local effects on skin and mucous membranes

n-Butylamine

n-Butylamine caused irritation of the skin and corrosion in the eyes of rabbits (docu-
mentation “z-Butylamine, sec-Butylamine, iso-Butylamine” 2007).

sec-Butylamine and iso-butylamine

No data have become available for sec-butylamine or iso-butylamine. Corrosive ef-
fects are assumed because their alkalinity is similar to that of #-butylamine.

tert-Butylamine

Skin
tert-Butylamine had a corrosive effect on the skin of rabbits (no other details; BASF
1988).

In a study from 1992 carried out according to OECD Test Guideline 404 with New
Zealand White rabbits, semi-occlusive application of undiluted ter¢-butylamine to
the shaved dorsal skin for 3 minutes induced necrosis on the skin. Oedemas were
observed only in 2 of 3 animals. The scores were 1 and 3 on a scale with a maximum
of 4 after 3 minutes, 1 out of a maximum of 4 after 1 hour and 2 out of a maximum
of 4in 1 animal after 1 hour; otherwise the scores were always 0 out of a maximum
of 4. The scores for erythema were 3 on a scale with a maximum of 4 after 3 minutes
and 1 hour and 4 out of a maximum of 4 from hour 4 after treatment up to the end
of the observation period. Eschar formation, necrosis with fissures and protruding
edges were observed over the whole application site after 72 hours (ECHA 2014).
This study also found terz-butylamine to be corrosive.

Eyes
tert-Butylamine had a corrosive effect on the eyes of rabbits (no other details; BASF
1988).

In rabbits, the substance induced chemical burns to the vitreous body, nictitating
membrane and conjunctiva within 1 hour after application as well as ulceration
and chemosis of the surrounding tissue after 72 hours. Necrosis and swelling of the
eyelids, blepharophimosis (narrowing of the palpebral fissure) and eyes completely
clotted with pus and lens loss were observed after the 7-day observation period
(ECHA 2014).

The MAK Collection for Occupational Health and Safety 2019, Vol 4, No 4
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Developmental toxicity

n-Butylamine

An inhalation study with #-butylamine in Wistar rats carried out according to OECD
Test Guideline 414 did not reveal any effects in the offspring up to the highest con-
centration tested of 152 ml/m?; the only effects in the dams were observed in the
nasal epithelium at the lowest concentration tested of 17 ml/m? and above (see Sec-
tion “Subacute, subchronic and chronic toxicity”). In a developmental toxicity study
with gavage doses, the highest dose tested of 667 mg/kg body weight and day was
the NOAEL (no observed adverse effect level) for the dams, and 67 mg/kg body
weight and day was the NOAEL for the offspring because the incidence of soft-tissue
malformations was increased at 267 mg/kg body weight and day (documentation
“n-Butylamine, sec-Butylamine, iso-Butylamine” 2007).

New data have not become available.

sec-Butylamine and iso-butylamine
No data are still available for these isomers.

tert-Butylamine

The 2007 documentation (documentation “n-Butylamine, sec-Butylamine, iso-
Butylamine” 2007) described a non-validated study that cannot be used for the
evaluation.

There are no other data available.

Manifesto (MAK value/classification)

Irritation is the critical effect of n-butylamine, iso-butylamine, sec-butylamine and
tert-butylamine.

MAK value.

n-Butylamine Since the 2007 documentation (documentation “z-Butylamine, sec-
Butylamine, iso-Butylamine” 2007), no recent studies with #-butylamine have become
available that are relevant for deriving a MAK value. Inflammation of the respiratory
epithelium occurred in pregnant rats after exposure to #-butylamine for 14 consecutive
days; the NOAEC was 17 ml/m? (see Section “Subacute, subchronic and chronic toxic-
ity”). After extrapolation of the findings in the respiratory epithelium of rats to humans
according to the method of Briining et al. (2014) a concentration of 6 ml/m?is obtained.
As the NOAEC of 117 ml/m?® for histopathological effects on the nasal epithelium after
exposure for 5 days was markedly higher, it must be assumed that the effects increase in
intensity with time. Therefore, a limit value in workplace air of 1 ml/m® was calculated
from the concentration of 6 ml/m?® This value is in the same range as the previous
MAK value of 2 ml/m?® According to occupational medical data, the daily exposure of
workers to n-butylamine concentrations of 5 to 10 ml/m? induced irritation of the nose,
throat and eyes as well as headaches. No complaints were recorded after exposure to
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n-butylamine concentrations below 5 ml/m?; the concentrations were mostly between
1 and 2 ml/m® (Beard and Noe 1981). The NOAEC of about 2 ml/m? reported for n-
butylamine in workers is plausible because a NOAEC of 2 ml/m? with peak concentra-
tions of up to 4 ml/m? was determined for sensory irritation in a volunteer study for
the structurally related cyclohexylamine (Juran et al. 2012) and because, with an RD5,
of 51 ml/m? (Gagnaire et al. 1993), the irritative effect established for this substance in
the RD;, test in mice is somewhat higher than that established for #-butylamine, which
has an RD;, of 84 to 112 ml/m? (Gagnaire et al. 1989, 1993). Because of their irritant
action, a MAK value of 2 ml/m? was established also for other aliphatic amines with an
RDg, of a maximum 100 ml/m? (documentation “Dimethylamine” 1996; documenta-
tion “Cyclohexylamine” 2006). As already described in the 2007 MAK documentation
(documentation “n-Butylamine, sec-Butylamine, iso-Butylamine” 2007), the data from
the 14-day study are not in conflict with the previous MAK value, and in particular,
the RD;, values are consistent with the NOAEC in the volunteer study with cyclohex-
ylamine and the MAK value of 2 ml/m?® derived from occupational observations with
n-butylamine. The MAK value has therefore been confirmed.

sec-Butylamine and iso-butylamine New data for sec-butylamine and iso-butyl-
amine have not become available. In view of their alkalinity, it is assumed that the
local, irritative effects are decisive for the derivation of a MAK value also for these
isomers. In the studies of Gagnaire et al. (1993), the RD;, value of 90 ml/m?* for
iso-butylamine was similar to that for n-butylamine of 84 ml/m?, and the log Koy,
values of 0.74 and 0.73 for sec-butylamine and iso-butylamine are very similar. As
no data have become available since 2007 and similar profiles for local effects are
assumed, the previous MAK value of 2 ml/m? has provisionally been retained for
sec-butylamine and iso-butylamine.

tert-Butylamine Inal3-weekinhalation studyinratsfrom 1985, which was not yet
available when the 2007 documentation (documentation “n-Butylamine, sec-Butyl-
amine, iso-Butylamine” 2007) was published, the lowest tert-butylamine concentra-
tion tested of 66 ml/m?led to reduced absolute and relative liver weights in the males
and clinical signs of irritation and chronic inflammation of the nasal turbinates in
some of the animals. However, tert-butylamine was not found to have a neurotrans-
mitter property. A NOAEC of 66 ml/m? was established in the females for local and
systemic effects. However, because only one section level of the nose was investigated,
and the NOAEC for the trachea is not known, as the trachea was examined histo-
pathologically only in the animals of the high concentration group, and as the larynx
was not examined, it cannot be ruled out that histopathological findings occurred
in the respiratory tract of the females at 66 ml/m®. Comparison with the findings
of the 28-day study reveals an intensification of the effects over time because after
ashortexposure period clear findings were obtained only at the high concentration of
651 ml/m? whereas the 13-week study revealed findings at the middle concentration
of 165 ml/m?®. The concentration of 66 ml/m? is regarded as the LOAEC.

A NAEC (no adverse effect concentration) of 22 ml/m? was derived from the
LOAEC of 66 ml/m? for inflammation of the nasal epithelium after subchronic ex-
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posure. It was not reported whether the findings occurred in the respiratory or the
olfactory epithelium, therefore, it is assumed that the respiratory epithelium was
affected. As there was a slight intensification of the effects over time, it is assumed
that the long-term NAEC is about 11 ml/m? according to the method of Briining
et al. (2014). After extrapolation of findings in the respiratory epithelium of rats
to humans, a concentration of 4 ml/m? is calculated. A lower irritation potential
of tert-butylamine is plausible in view of the RDs, of 178 ml/m? in mice compared
with that of 84 to 112 ml/m?® (Gagnaire et al. 1989, 1993) for n-butylamine. In line
with the preferred value approach, a MAK value of 2 ml/m? has therefore also been
established for fert-butylamine. This MAK value would provide protection even if
the reduction in liver weights at 66 ml/m? were the critical adverse effect.

Peak limitation.

n-Butylamine, sec-butylamine and iso-butylamine Asnonew data havebecome
available, Peak Limitation Category I with an excursion factor of 2 and a momentary
value of 5 ml/m? have been retained.

tert-Butylamine In the 13-week inhalation study with tert-butylamine, both re-
duced liver weights without a histopathological correlate and inflammation of the
nasal turbinates in 3 of 15 animals were observed in male rats at the lowest concen-
tration tested of 66 ml/m?. Therefore, it remains unclear whether the local irritation
of the respiratory tract or the systemic effect is decisive for establishing the peak
limitation category. In analogy to the other isomers, tert-butylamine has therefore
likewise been classified in Peak Limitation Category I with an excursion factor of 2
and a momentary value of 5 ml/m?>.

Prenatal toxicity.

n-Butylamine The exposure of pregnant rats to #-butylamine concentrations of
up to 450 mg/m? (150 ml/m?) induced local effects in the nose, but no substance-spe-
cific findings in the offspring. When n-butylamine was administered orally to preg-
nant rats as the hydrochloride, teratogenic effects were found at doses of 400 mg/kg
body weight and day and above (267 mg n-butylamine/kg body weight and day). In
this study, the NOAEL for n-butylamine hydrochloride was 100 mg/kg body weight
and day (67 mg n-butylamine/kg body weight and day). The following toxicokinetic
data are used to extrapolate this NOAEL to a concentration in workplace air: the
corresponding species-specific correction value for the rat (1:4), the assumed oral
absorption (100%), the body weight (70 kg) and the respiratory volume (10 m?®) of
the person, and the assumed 100% absorption by inhalation. The #-butylamine con-
centration in the air that is calculated from this is 117 mg/m? (39 ml/m?). As this
concentration is 19.5 times as high as the MAK value of 2 ml/m? and the difference
to the MAK value is thus sufficiently large, the classification of n-butylamine in
Pregnancy Risk Group C has been retained.

sec-Butylamine and iso-butylamine No developmental toxicity studies have be-
come available for iso-butylamine or sec-butylamine. As other studies have shown
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that a small change in the molecular structure may lead to a marked change in the
effects on the developing foetus, these two substances have now not been evaluated
by analogy with another isomer. Both iso-butylamine and sec-butylamine are there-
fore classified in Pregnancy Risk Group D.

tert-Butylamine There are no studies available for the developmental toxicity of
tert-butylamine. As other studies have shown that a small change in the molecular
structure may lead to a marked change in the effects on the developing foetus, this
substance has not been evaluated by analogy with another isomer. Therefore, tert-
butylamine is likewise classified in Pregnancy Risk Group D.
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