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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) for 
1-nitropropane, considering all toxicity endpoints. The critical effects of 1-nitropropane 
[108-03-2] were inflammation and degeneration of the olfactory mucosa and inflammation of 
the squamous epithelium in rats after 28 or 47 days inhalation. The study yielded a NOAEC of 
24 ml/m3 for local effects. 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. According to 
this approach, the MAK value for 1-nitropropane has been lowered from 25 ml/m3 to a concen-
tration of 2 ml/m3. As local effects are critical, the assignment to Peak Limitation Category I is 
confirmed. The excursion factor of 8 is set as a human volunteer study revealed irritative effects 
only at considerably higher concentrations. Because there are no studies of teratogenicity, the 
substance is classified in Pregnancy Risk Group D. Skin contact is expected to contribute signifi-
cantly to systemic toxicity and 1-nitropropane is designated with an “H”. 1-Nitropropane is not 
genotoxic and data for carcinogenicity are lacking. Sensitization is not expected from the limited 
data.
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1-Nitropropane1)

[108-03-2]

Supplement 2017

MAK value (2016) 2 ml/m3 ≙ 7.4 mg/m3

Peak limitation (2016) Category I, excursion factor 8

Absorption through the skin (2016) H

Sensitization –

Carcinogenicity –

Prenatal toxicity (2016) Pregnancy Risk Group D

Germ cell mutagenicity –

BAT value –

Vapour pressure at 25 °C 13.3 hPa (ECB 2000)

log Kow2) 0.79 (ECHA 2015)

Solubility in water 15 g/l (ECHA 2015)

1 ml/m3 (ppm) ≙ 3.697 mg/m3 1 mg/m3 ≙ 0.271 ml/m3 (ppm)

In 1997 the MAK value from 1963 was confirmed for 1-nitropropane on the basis 
of new data (documentation “1-Nitropropane” 1999) and an excursion factor was 
set in 2000 (supplement “1-Nitropropan” 2000, available in German only). This sup-
plement was drawn up because a new inhalation study is now available.

1  Toxic Effects and Mode of Action

1-Nitropropane is slightly irritating to the eyes of humans and rabbits. It is not irri-
tating to the skin of rabbits.

1) Technical products measurably contaminated with 2-nitropropane, see 2-Nitropropane.

2) octanol/water partition coefficient.
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In a screening study with inhalation exposure of rats, the main effects were degen-
eration and inflammation of the olfactory epithelium and of the squamous epitheli-
um in the nose at concentrations of 48 ml/m3 and above. In this study, reductions in 
food consumption and body weights were first observed at a  concentration of 
96 ml/m3.

The reduced body weight gains and food consumption found in rats after oral 
1-nitropropane doses of 30 mg/kg body weight and above are attributed to irrita-
tion caused by gavage administration.

Reduced litter sizes were found in a screening study with rats at the highest con-
centration tested of 96 ml/m3 after exposure for 47 days.

1-Nitropropane is not sensitizing to the skin and does not have genotoxic or car-
cinogenic potential.

2  Mechanism of Action

The relatively low liver toxicity of 1-nitropropane compared with that of 2-nitropro-
pane and the absence of carcinogenicity could be explained by the rapid absorption, 
metabolism and elimination of the substance (Haas-Jobelius et al. 1989).

3  Toxicokinetics and Metabolism

3.1  Absorption, distribution, elimination

1-Nitropropane can be absorbed via the gastrointestinal tract and via the lungs. 
Some of it is eliminated with the urine in unchanged form. Nitrite, a metabolite of 
nitropropane, is eliminated with the urine in the form of nitrate (NLM 2006).

After 5 male rats were given single intraperitoneal doses of 1-[1-14C]nitropropane 
of 40 mg/kg body weight, 16.5% of the radioactivity was eliminated with the urine 
and 1.7% with the faeces after 48 hours. The major route of elimination was via the 
lungs; 72.6% of the radioactivity was exhaled (of which 10.3% was in unchanged 
form), with a maximum amount after 12 to 16 minutes and an elimination half-life 
of 55.4 ± 9.3 minutes. A further 6% to 7% of the radioactivity was recovered in the 
organs and the bones. The highest levels of radioactivity were found in the liver, 
stomach, kidneys and bone marrow. Many other organs were found to have radio-
activity levels similar to those of the plasma (Haas-Jobelius et al. 1989).

In chimpanzees given a single intravenous injection of 1-[1-14C]nitropropane of 
5 mg/kg body weight, 14.8% of the radioactivity was eliminated with the urine and 
1.2% with the faeces. The authors did not provide any data for exhalation via the 
lungs (see Section 3.2; Haas-Jobelius et al. 1989).

Extracted human skin was heat-treated and the epidermis tested in a static diffu-
sion cell. The receptor fluid consisted of saline with 6% polyethylene glycol 20-oleyl 
ether. To determine the penetration rate at steady state, a non-exhaustible dose of 
undiluted 1-nitropropane of 1200 µl/cm2 was used. To determine the short-term 
fluxes after 10 and 60 minutes, 20 µl/cm2 was used. The penetration rate at steady 
state was 180 µg/cm2 and hour. The penetration rate was 1218.5 µg/cm2 and hour 
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after 10  minutes, and 178.9 µg/cm2 and hour after 60  minutes (Dow Chemical 
Company 1989; Fasano and McDougal 2008). From the latter value, an absorbed 
amount of 358 mg is calculated for an exposed skin surface of 2000 cm2 and expo-
sure for one hour. The value is probably an overestimation, as the electrical resis-
tance of the skin after application was only half as high as it was prior to the appli-
cation, which indicates a certain amount of damage to the skin. Furthermore, the 
authors assume that the polyethylene glycol ether in the receptor phase acted as 
a penetration accelerator.

For a saturated aqueous solution, fluxes of 236, 28 or 44 µg/cm2 and hour are ob-
tained using the models of Fiserova-Bergerova et al. (1990), Guy and Potts (1993) 
and Wilschut et al. (1995). Assuming the exposure of 2000 cm2 of skin for one hour, 
this would correspond to absorbed amounts of 472, 56 and 88 mg, respectively.

Therefore, the 358 mg obtained in the in vitro study do not contradict the ab-
sorbed amounts calculated according to these models.

3.2  Metabolism

Primary aliphatic nitro compounds can be hydroxylated, whereby the correspond-
ing aldehyde is formed from the hypothetically produced geminal hydroxy-nitro 
intermediate resulting in the release of nitrite (Ullrich et  al. 1978). Nitroalkanes 
oxidize only slowly. The following pathway is proposed for the oxidative metabolic 
degradation of 1-nitropropane (Figure 1; Lai et al. 1982):

Figure 1 Oxidative metabolic degradation of 1-nitropropane

In vitro studies with liver microsomes of rats showed that nitroalkanes can be 
denitrified by means of a  microsomal cytochrome P450 monooxygenase system 
and different flavoenzyme oxidases (Davis 1993; Stokinger 1982).

The inhalation exposure of rats to 1-nitropropane led to the slight induction of 
cytochrome P450 enzymes (22%–28%), whereas exposure to 2-nitropropane caused 
a decrease in cytochrome P450 enzymes. An intermediate responsible for the inhi-
bition of the cytochrome P450 system by 2-nitropropane is possibly not formed 
here (see Section 5.2.1; Haas-Jobelius et al. 1992).

The oxidative denitrification of 1-nitropropane by phenobarbital-induced rat liver 
microsomes took place at a rate of 0.6 nmol/minute and mg protein. Therefore, the 
reaction was slower than the denitrification of the homologous secondary nitroal-
kane 2-nitropropane, which was metabolized at a rate of 2.4 nmol/minute and mg 
protein. The rate was determined via nitrite formation (Ullrich et al. 1978).

Nitro compounds can be reduced to hydroxylamine or amine by nitroreductases. 
The presence of nitroreductases has been demonstrated in bacteria and in the liver 
of mammals (Williams et al. 1989). The reductive metabolism can lead to metHb 
formation which, to a small extent, was found in rats after 1-nitropropane adminis-
tration (Dow Chemical Company 1996).
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In 5  male rats given a  single intraperitoneal dose of 1-[1-14C]nitropropane of 
40 mg/kg body weight, 72.6% of the absorbed amount was exhaled, 10.3% of which 
as the unchanged substance. The main product of exhalation was 14CO2, whereas 
propionaldehyde, like the main metabolite acetone of 2-nitropropane, could not be 
detected. The main metabolites in the urine were 3-hydroxypropionic acid (12% of 
the total amount eliminated with the urine) and N-methyl-N-2-(methylsulfinyl)eth-
ylpropionic acid (6% of the total amount eliminated with the urine). The other five 
metabolites could not be identified (Haas-Jobelius et al. 1989).

After intravenous injection of a  single 1-[1-14C]nitropropane dose of 5 mg/kg 
body weight, five metabolites were identified in the urine of chimpanzees. The main 
metabolites were 3-hydroxypropionic acid (25% of the total amount eliminated 
with the urine) and N-methyl-N-2-(methylsulfinyl)ethylpropionic acid (30% of the 
total amount eliminated with the urine). The detection of these two metabolites 
indicates that, in the first step, 1-nitropropane is degraded to form propionic acid 
and the propionic acid is then modified to 3-hydroxypropionic acid or N-methyl-N-
2-(methylsulfinyl)ethylpropionic acid amide. The other metabolites could not be 
characterized. The authors did not provide any data for exhaled air (see Section 3.1; 
Haas-Jobelius et al. 1989).

After intraperitoneal injection in rats and intravenous injection in chimpanzees, 
the biotransformation of 1-nitropropane may lead to the accumulation of unusually 
high levels of propionic acid or propionyl-CoA. In turn, as a result of a propionate 
overload and the saturation of metabolic pathways, reactions could take place re-
sulting in the presence of the demonstrated metabolites. The β-oxidation or ω-oxi-
dation of propionyl-CoA with subsequent hydrolysis may lead to the formation of 
the 3-hydroxypropionic acid found in the urine. The pathway by which the main 
urinary metabolite N-methyl-N-2-(methylsulfinyl)ethylpropionic acid amide is 
formed is not known (see Section 3.1; Haas-Jobelius et al. 1989).

At a pH of 7.4, the equilibrium between propane-1-nitronate and 1-nitropropane 
is shifted in favour of 1-nitropropane, which then makes up 95% of the amount 
(Linhart et al. 1991).

4  Effects in Humans

There are no data available for the end points allergenic effects, reproductive toxic-
ity and genotoxicity.

4.1  Single exposures

In a study from 1946, irritation of the eyes but not of the nose or throat occurred in 
12  female and 12  male volunteers after a  15-minute exposure to 1-nitropropane 
concentrations of 150 ml/m3 and above. The volunteers considered a concentration 
of 100 ml/m3 to be tolerable (documentation “1-Nitropropane” 1999; supplement 
“1-Nitropropan” 2000, available in German only; Silverman et al. 1946).

The odour threshold of 1-nitropropane is 11 ± 4.2 ml/m3 (Bingham et al. 2001).
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4.2  Repeated exposure

In a study with 1481 workers from a factory producing nitromethane, nitroethane, 
1-nitropropane and 2-nitropropane, which covered the period between 01/01/1946 
and 31/12/1981, there was no evidence of an increase in diseases (no other details; 
ECB 2000).

4.3  Local effects on skin and mucous membranes

In volunteers, irritation of the eyes occurred after a 15-minute exposure to 1-nitro-
propane concentrations of 150 ml/m3 and above (Silverman et al. 1946).

4.4  Carcinogenicity

A mortality study with 1481 workers from a factory producing nitromethane, ni-
troethane, 1-nitropropane and 2-nitropropane, which covered the period between 
01/01/1946 and 31/12/1981, provided no evidence of an increased number of tu-
mours or cases of rare tumours leading to mortality (no other details; ECB 2000).

5  Animal Experiments and in vitro Studies

5.1  Acute toxicity

5.1.1  Inhalation

The LC50 for the rat after inhalation exposure for one hour was found to be 3024 ml 
1-nitropropane/m3. The purity of the substance was 96.12% with 2.44% 2-nitropro-
pane (Dow Chemical Company 1981). The LC50 after one-hour inhalation exposure 
of female Wistar rats was 5500 mg 1-nitropropane/m3 (about 1500 ml/m3, purity 
96%) (ECHA 2015).

After exposure to 1-nitropropane concentrations of 13 000 ml/m3 (48 000 mg/m3) 
for 5 hours and 2500 ml/m3 (9200 mg/m3) for 8 hours, 8.5% and 4.1% methaemoglo-
bin was found in the blood of Wistar rats, respectively. Exposure to a 1-nitropro-
pane concentration of 1100 ml/m3 (4000 mg/m3) for 11 hours did not increase the 
methaemoglobin level (Dequidt et al. 1972).

Groups of 2 rabbits and 2 guinea pigs were exposed to 1-nitropropane concentra-
tions of 5000 or 9800 ml/m3 for 3 hours. All animals died. At the high concentra-
tion, exposure for one hour already resulted in the death of one guinea pig. Visceral 
and cerebral congestion and pulmonary congestion with oedema were diagnosed in 
these animals. Clear signs of irritation were observed in the upper respiratory tract. 
In addition, liver damage was found in all of the animals. In these studies, the toxic-
ity of 1-nitropropane was found to be greater than that of nitroethane and nitro-
methane (Machle et al. 1940).
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5.1.2  Oral administration

In groups of 10 female or 10 male Sprague Dawley rats given gavage doses of 0, 290, 
360, 450 or 570 mg/kg body weight, LD50 values of 528 mg/kg body weight were 
obtained in the males and 484 mg/kg body weight in the females. Convulsions and 
ataxia occurred, and distended and haemorrhagic intestines were found. At doses 
of 290 mg/kg body weight and above, lung infections were observed (Dow Chemi-
cal Company 1981; ECHA 2015).

The oral LD50 for rats was between 280 and 530 mg 1-nitropropane/kg body 
weight (ECHA 2015; Zitting 1988).

The oral LD50 was between 250 and 500 mg/kg body weight for rabbits (Machle 
et al. 1940; NTP 2014).

5.1.3  Dermal application

Even after 5 days, 4-hour open application of 1-nitropropane to the shaved skin did 
not produce effects (no other details; Machle et al. 1940).

The dermal LD50 was greater than 2000 mg/kg body weight in rabbits (Dow  
Chemical Company 1981).

5.1.4  Intraperitoneal injection

After intraperitoneal injection, the LD50 was 250 mg/kg body weight in mice. The 
lethal dose was 505 mg/kg body weight. Increased levels of methaemoglobin and 
carboxyhaemoglobin were found in the blood (no other details; NIOSH 2003).

In another study, the lethal dose in rats was 550 mg/kg body weight. A level of 4% 
methaemoglobin was determined in the blood (Dequidt et al. 1972).

5.2  Subacute, subchronic and chronic toxicity

5.2.1  Inhalation

Male Sprague Dawley rats were exposed whole-body to 1-nitropropane concentra-
tions of 0 or 100 ml/m3 for 7 hours on 4 consecutive days. There were 9 animals in 
each group, 3 of which per group were examined after 1, 2 and 4 days. The glutathi-
one (GSH) level was not increased. The determination of the liver enzymes revealed 
significantly increased levels of activity for cytochrome P450 (by 22%–28%), cyto-
chrome b5 and GSH peroxidase on days 1 and 2, and an increase in GSH S-transfer-
ase activity at all three examinations that was not significant. The GSSG reductase 
activity was slightly decreased. The level of malondialdehyde, a product of lipid per-
oxidation, did not increase compared with that in controls. The activity of UDP 
glucuronosyl transferase in the liver and of aspartate aminotransferase and alanine 
aminotransferase in the serum was unchanged. No further parameters were exam-
ined (Haas-Jobelius et al. 1992).

In a range-finding study for the screening study according to OECD Test Guide-
line 422, groups of 5 female and 5 male Sprague Dawley rats were exposed whole-
body to 1-nitropropane concentrations of 0, 100, 250 or 500 ml/m3 for 6 hours per 
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day, on 7 days per week. The 1-nitropropane concentrations determined in the ex-
posure chamber were 0, 84.9 ± 2.4, 225.4 ± 8.4 or 356.0 ± 9.3 ml/m3. The effects are 
described in Table 1. At concentrations of 225.4 ml/m3 and above, the animals were 
moribund. Delayed body weight gains and reduced food consumption were ob-
served. The decrease in relative weights of the liver and kidneys correlated with the 
reduced body weights (Dow Chemical Company 2004). In this range-finding study 
there were no histopathological examinations of the organs, or of the target organ, 
the nose.

In a screening study carried out according to OECD Test Guideline 422, groups of 
12 female and 12 male Sprague Dawley rats were exposed whole-body to 1-nitro-
propane concentrations of 0, 25, 50 or 100 ml/m3 for 6 hours per day, on 7 days per 
week. The animals were mated after 14 days and the females exposed up to gesta-
tion day 19 (day 47). The exposure period was 28 days for the male rats. The expo-
sure atmosphere consisted of vapour. The purity of the 1-nitropropane was 99.69%. 
The mean concentrations in the chamber were  0, 24.4  ±  1.8, 48.4  ±  1.8 or 
96.3 ± 2.6 ml/m3. The effects found are listed in Table 1. The findings for haemato-
logical and clinico-chemical parameters were normal. Functional tests revealed no 
differences between the exposed animals and the controls. The decrease in the ab-
solute and relative thymus weights in the male rats was not concentration-depen-
dent at the concentration of 24 ml/m3. Methaemoglobin levels were not affected. 
Minimal concentration-dependent increases in heart weights were interpreted by 
the authors as not relevant, as they were not statistically significant and no histo-
pathological changes were found in the heart. Degeneration of the olfactory epithe-
lium and inflammatory processes in the squamous epithelium of the nasal cavity 
were seen in the female animals at 48.4 ml/m3 and above. The NOAEC (no observed 
adverse effect concentration) was 24.4 ml 1-nitropropane/m3 for female rats and 
48.4 ml/m3 for the males. The individual data for the effects in the nasal tissue are 
given in Table 2. The results of the investigation of reproductive toxicity in the study 
are described in Section 5.5 (Dow Chemical Company 2004). With a respiratory 
volume of 0.8 l/min/kg body weight and 100% absorption, a dose of 100 mg/kg body 
weight and day is obtained for exposure to 96.3 ml/m3 for 6 hours.

In the evaluation it must be taken into account that in rats 15% and in humans 7% 
of the inhaled air reaches the olfactory epithelium (Frederick et al. 1998).

Groups of 125 male and 125 female Long Evans rats were exposed to 1-nitropro-
pane concentrations of 0 or 101 ml/m3 for up to 21.5 months. Gross-pathological 
and histopathological examinations of the liver did not yield any abnormal findings. 
The kidney and brain weights were unchanged. In the serum, no effects were found 
after clinico-chemical analysis. Haematological examination did not reveal any in-
crease in methaemoglobin, haemoglobin and haematocrit values, or unusual 
changes in erythrocyte and leukocyte counts and prothrombin time. This study is 
available as a publication but there are no further data for 25 microscopically exam-
ined organs. Furthermore, there are no data as to whether the upper respiratory 
tract, in particular the nose as target organ, was also examined (documentation 
“1-Nitropropane” 1999; Griffin et al. 1982).
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Summary

In rats, in a screening study according to OECD Test Guideline 422, irritation of the 
olfactory and squamous epithelium was found to be the most sensitive end point, 
which increased in a concentration-dependent manner with increasing exposure 
duration. The NOAEC was 24 ml 1-nitropropane/m3 for female rats and 48 ml/m3 
for the males. The NOAEC for systemic effects (delayed body weight gains, reduced 
food consumption) was 48 ml/m3.

5.2.2  Oral administration

In a study carried out according to OECD Test Guideline 422, which was discontin-
ued after 8 days due to severe toxicity, groups of 12 female and 12 male Sprague 
Dawley rats were given daily 1-nitropropane doses of 0, 10, 50 or 90 mg/kg body 
weight by gavage. Marked effects were seen in the males even at 50 mg/kg body 
weight, whereas decreased body weights and reduced food consumption were not 
observed in the females until 90 mg/kg body weight. The results are shown in 
 Ta ble 3 (no other details; Dow Chemical Company 2004).

Table 2 Treatment-related effects of 1-nitropropane in the nasal tissue (Dow Chemical Company 
2004)

male female

Concentration (ml/m3) 0 24 48 96 0 24 48 96

number of animals 12 12 12 12 12 12 12 12

degeneration, olfactory epithelium, multifocal

minimal  1  5

slight  1  2

degeneration, with inflammation, olfactory  
epithelium, focal

minimal  2

degeneration, with inflammation, olfactory  
epithelium, multifocal

slight  2

inflammation, chronically active, squamous  
epithelium, focal

minimal  2  1

slight  1

inflammation, chronically active, squamous  
epithelium, multifocal

minimal  1  1  1  2

slight  1  2  1

Values in bold print are considered as treatment-related and adverse.
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In a study comparing 1-nitropropane and 2-nitropropane, 1-nitropropane doses 
of  0, 20, 40 or 80 mg/kg body weight and day were administered by gavage in 
10 portions/day to groups of 10 male F344 rats for 14 days. The purity of the sub-
stance was > 98% and it was dissolved in 10% Emulphor EL-620. The effects are 
given in Table  3. No other organs were examined (Cunningham and Matthews 
1991).

In a range-finding study for the 28-day gavage study in which groups of 3 female 
and 3 male Sprague Dawley rats were given 1-nitropropane doses of 0, 10, 50, 150 
or 250 mg/kg body weight and day in arachis oil, all high-dose animals were mori-
bund after 9 days as was one animal in the 150 mg/kg group after 7 days. The other 
observations are given in Table 3 (Dow Chemical Company 1996).

In groups of 5 female and 5 male Sprague Dawley rats, daily gavage administration 
over a period of 28 days of 1-nitropropane doses of 0, 10, 30 or 100 mg/kg body 
weight and day in arachis oil produced minor effects in the liver, kidneys, heart and 
the haematopoietic system at the low dose and above. In the high dose group, body 
weights were decreased and food consumption reduced. The effects are listed in 
Table 3. As a result of the increase in brain weights in the high dose group, micro-
scopic examination of brain sections was carried out, which, however, did not re-
veal any treatment-related changes. The authors regarded the effects in the low and 
middle dose groups as not toxicologically relevant or as not substance-related be-
cause of the lack of dose-dependency (Dow Chemical Company 1996).

In a carcinogenicity study, male Sprague Dawley rats were given gavage doses of 
1-nitropropane of 0 or 89 mg/kg body weight. The substance was administered on 
3 days per week for 16 weeks, and subsequently once a week for 10 weeks, followed 
by a 77-week recovery period. The exact number of animals is not specified. Twen-
ty-six animals survived. There was no increase in tumor incidence. Body weight 
gains were only initially reduced. In addition, decreased liver weights were ob-
served, as given in Table 3 (no other details; Fiala et al. 1987).

Summary

In the gavage studies with repeated administration, a significant decrease in body 
weights and reduced food consumption were found at 80 mg/kg body weight and 
above. However, these effects were reversible during the recovery period. A clear 
dose-dependent systemic effect is not evident. The effects found can be attributed 
to irritation after gavage administration.

After 28-day treatment with 1-nitropropane, increased methaemoglobin levels in 
the male rats and increased adrenal gland and heart weights in the females were 
observed at 10 mg/kg body weight and day; these changes were, however, not 
dose-dependent. In animals given 100 mg/kg body weight and day, the absolute and 
relative brain weights were increased, though without any histopathological cor-
relate. The sporadic increases in other organ weights also occurring in the higher 
dose groups were not dose-dependent.

5.2.3  Dermal application

No studies with dermal application of 1-nitropropane are available.
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5.3  Local effects on skin and mucous membranes

5.3.1  Skin

In undiluted form and under occlusive conditions, 0.5 ml 1-nitropropane (2.44% 
2-nitropropane; 0.64% 1-nitro-2-methylpropane; 0.42% 2-nitrobutane; 0.35% 
2-nitro- 2-methylpropane; 0.013% water, all data in % by weight) was applied to the 
shaved intact and abraded skin of 6 albino rabbits for 24 hours. No effects were 
found on either the intact or abraded skin 72 hours after the exposure (irritation 
index 0) (Dow Chemical Company 1981; ECHA 2015).

The application of 0.5 ml 1-nitropropane (96.12%) to the intact skin of 6 albino 
rabbits under occlusive conditions for 4 hours did not cause irritation 4, 24 and 
48 hours after application (ECHA 2015).

In another study, slight irritation was reported after application of the substance 
to the intact and abraded skin of rabbits (no other details; ECHA 2015).

5.3.2  Eyes

The instillation of 0.1 ml undiluted 1-nitropropane into the conjunctival sac of the 
eyes resulted in moderately excessive lacrimation in only one of 6 albino rabbits 
after 48 and 72 hours. In this study, the eye was held closed for one second after 
application. No other irritant effects occurred (Dow Chemical Company 1974).

In another study, 0.1 ml 1-nitropropane was instilled into one eye of each of 6 New 
Zealand White rabbits and the eye was held closed for one second. The responses 
were scored 24, 48 and 72 hours after application. After 24 hours, slight swelling 
and redness of the conjunctiva occurred, which had subsided after 48 hours (irrita-
tion index: 0.67 of a maximum of 4 for swelling in 4 of 6 animals and 0.83 of a max-
imum of 3 for reddening in 5 of 6 animals) (Dow Chemical Company 1989).

5.4  Allergenic effects

In a so-called Draize test, male guinea pigs were given a single intradermal applica-
tion of 0.05 ml followed by  9 further intradermal applications of 0.1 ml of a  5% 
preparation of 1-nitropropane (purity 96.12%) in saline at 2-day intervals. After in-
tradermal challenge with 0.1 ml of a 1% preparation carried out 14 days later, no 
reaction was found in any of the 10  male guinea pigs (Dow Chemical Company 
1989).

5.5  Reproductive and developmental toxicity

5.5.1  Fertility

In a screening study carried out according to OECD Test Guideline 422, groups of 
12 female and 12 male Sprague Dawley rats were exposed whole-body to 1-nitro-
propane concentrations of 0, 24, 48 or 96 ml/m3 for 6 hours per day on 7 days per 
week. The animals were mated after 14 days and the females exposed up to gesta-
tion day 19 (day 47); the males were treated for 28 days (see Section 5.2). The fertil-
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ity index and mating index were 83.3% in the 48 ml/m3 and 96 ml/m3 concentration 
groups, whereas in the low concentration group of 24 ml/m3 and the control group 
the fertility index and mating index were 100%. The decrease in fertility was not 
statistically significant and just within the range of the historical controls of the 
laboratory (83.3%–100%) (Dow Chemical Company 2004). The NOAEC for fertility 
in this study was 96 ml/m3, the highest concentration tested.

5.5.2  Developmental toxicity

In the study according to OECD Test Guideline 422 described above, the mean lit-
ter size at the high concentration of 96 ml/m3 was 11.9 pups/litter, and thus mark-
edly lower than that in the control group with 14.0/litter. There were no differences 
between the four exposure groups in the number of dead pups at birth and on 
days  1 and  4 thereafter. The data for the individual animals showed that in the 
96 ml/m3 group three of 10 dams had litters with less than 12 animals (by compari-
son: controls 1/12, 24 ml/m3 1/12, 48 ml/m3 0/10). The effect is not significant, al-
though the incidence does lie outside that of the historical controls of the laborato-
ry. The weights at birth of the male and female offspring in the high concentration 
group were significantly increased. The weight at birth was inversely related to the 
litter size and is therefore a secondary effect. The weight at birth of the animals in 
the control group was lower than that of the historical controls. The authors attri-
bute the smaller litter sizes in the 96 ml/m3 group to maternal toxicity or effects 
from nasal irritation. There were no treatment-related effects on post-implantation 
losses, gestation duration, the number of dead and live offspring, survival up to 
day 4 after birth, or on the ratio of male to female offspring (see Section 5.2.1; Dow 
Chemical Company 2004). Because of the reduced litter size at the high concentra-
tion, the NOAEC for foetotoxicity was 48 ml/m3; malformations were not exam-
ined.

5.6  Genotoxicity

In a large number of in vitro studies 1-nitropropane was not found to have muta-
genic potential in bacteria with and without the addition of a metabolic activation 
system or in cultivated rat hepatocytes. The results of a chromosomal aberration 
test with Chinese hamster lung (CHL) cells was negative. In primary cultures of the 
rat, mouse and hamster and in human cell cultures, 1-nitropropane did not increase 
the DNA repair activity (documentation “1-Nitropropane” 1999; Cunningham and 
Matthews 1991; ECB 2000; ECHA 2015).

The results were positive in an unscheduled DNA synthesis (UDS) test with pri-
mary rat hepatocytes at a concentration of 1 µM 1-nitropropane (no other details; 
Williams et al. 1989).

In a micronucleus test with V79 cells, there was an increase in the induction of 
micronuclei at concentrations of 3 mM 1-nitropropane and above after incubation 
for 5 hours. Also, the number of multinucleated cells (presumably apoptotic bodies) 
determined in parallel was increased. The number of micronuclei did not increase, 
however, in the H4IIEC3/G, 2sFou and C2rev7 rat liver cell lines after incubation 
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for 5 hours with up to 10 mM 1-nitropropane. A test for the induction of DNA re-
pair synthesis yielded negative results in all four cell lines (Roscher et al. 1990).

After incubation with concentrations of 0, 0.3, 1, 3 or 10 mM 1-nitropropane (pu-
rity 97.4%, main impurity 2.3% 2-nitropropane, no other details) without metabolic 
activation, there was an increase in TG mutants in a hypoxanthine-guanine phos-
phoribosyltransferase (HPRT) gene mutation test with V79 cells (ECHA 2015).

In a large number of in vivo tests, 1-nitropropane did not induce micronuclei or 
DNA repair activity in mice and rats (documentation “1-Nitropropane” 1999; 
 Bingham et al. 2001).

Summary

Overall, the available studies do not provide evidence of genotoxic effects of 1-nitro-
propane in somatic cells in vitro and in vivo.

5.7  Carcinogenicity

Groups of 125 male and 125 female Long Evans rats were exposed to 1-nitropro-
pane concentrations of 0 or 101 ml/m3 for up to 21.5 months. Gross-pathological 
and histopathological examinations of the liver did not reveal abnormal findings. 
No liver carcinomas were found. Microscopic examination of 25  further organs 
provided no evidence of treatment-related effects. Detailed data are lacking. By 
comparison, treatment with 100 ml 2-nitropropane/m3 for 12 months led to an in-
crease in the incidence of liver carcinomas (documentation “1-Nitropropane” 1999; 
Griffin et al. 1982).

Gavage administration of 89 mg 1-nitropropane/kg body weight three times per 
week for 16 weeks and subsequently once a week for 10 weeks did not increase the 
tumor incidence in 26 male Sprague-Dawley rats even 77 weeks after the start of 
treatment (documentation “1-Nitropropane” 1999; Fiala et al. 1987).

Daily gavage administration of 1-nitropropane doses of 0, 0.3, 3 or 10 mg/day to 
groups of 3 female and 3 male F344 rats or to 15 animals of each sex in the middle 
dose group on 5 days per week for 52 weeks did not produce an increase in tumor 
incidence. The only unusual finding was a papilloma in the oesophagus of one male 
animal from the middle dose group (Hadidian et al. 1968).

Summary

Unlike its homologue, 2-nitropropane, 1-nitropropane was not found to be car-
cinogenic.

6  Manifesto (MAK value/classification)

The critical effect is irritation of the squamous epithelium and the olfactory epithe-
lium in the nose of rats after inhalation of 1-nitropropane.

MAK value. The previous MAK value was based on a human study, according to 
which volunteers reported eye irritation after exposure for 15 minutes to 1-nitro-
propane concentrations of 150 ml/m3 (Silverman et al. 1946). The short exposure 



1-Nitropropane 69

duration is a shortcoming of this study. In the meantime, an inhalation study in rats 
with repeated exposure has been carried out, which is now used for the derivation 
of the MAK value.

From a 47-day inhalation study in female rats (Dow Chemical Company 2004), 
a NOAEC of 24 ml/m3 ( ≙ 89 mg/m3) was obtained, and from the exposure of male 
rats for 28 days a NOAEC of 48 ml/m3. This suggests there is an increase in the ef-
fects with long-term exposure or a difference in the sensitivity of the sexes. In the 
higher concentration groups, minimal to slight degeneration and inflammation of 
the olfactory and squamous epithelium in the nasal cavity were found. The severity 
and incidence of these effects increased with the exposure concentration (Dow 
Chemical Company 2004). The systemic NOAEC in both sexes is 48 ml/m3 
(177 mg/m3), corresponding to about 50 mg/kg body weight and day (6 hours/day, 
respiratory volume 0.8 l/min/kg body weight; 100% absorption).

Using the method of Brüning et al. (2014) for the extrapolation of the NOAEC of 
24 ml/m3 for effects in the squamous epithelium of female rats (1:3), and assuming 
a possible increase in the effects with long-term exposure (1:4 instead of 1:6, as the 
exposure was longer than short-term but shorter than medium-term) and also tak-
ing into consideration that the animals were exposed on 7 days per week, compared 
with 5 days per week at the workplace, a MAK value of 2 ml/m3 is obtained accord-
ing to the preferred value approach.

Peak limitation. The local effect on the squamous and olfactory epithelium of 
rats is the critical effect; this is decisive for the derivation of the MAK value. The 
substance is therefore assigned to Peak Limitation Category I. The MAK value was 
derived according to the procedure of Brüning et al. (2014) and its aim is to protect 
against both histopathological changes and sensory irritation of the nasal mucosa. 
However, the MAK value is considerably lower than the NOAEC obtained in the 
study with volunteers, according to which 100 ml/m3 was considered tolerable and 
in which eye irritation occurred at 150 ml/m3, but no irritation in the nose. Al-
though there are considerable methodological uncertainties in the study of 
 Silverman et al. (1946), the NOAEC from this study can nevertheless be used as 
a rough guide in so far as pronounced sensory irritation is not to be expected in this 
concentration range. As the MAK value is only 1/75 of this NOAEC for nasal sen-
sory irritation and 1/50 of the NOAEC for eye irritation in the study with volun-
teers, an excursion factor of 8 appears to be justified in this case, allowing a peak 
concentration of 16 ml/m3.

Prenatal toxicity. For developmental toxicity there is only a screening study ac-
cording to OECD Test Guideline 422 available. The NOAEC for foetotoxicity was 
48 ml/m3 due to reduced litter sizes at the high concentration of 98 ml/m3.

Due to the absence of teratogenicity studies, 1-nitropropane is assigned to Preg-
nancy Risk Group D.

Carcinogenicity. As no evidence of carcinogenicity was found in the available 
studies, 1-nitropropane is not classified in one of the categories for carcinogens.

Germ cell mutagenicity. The available studies yielded no evidence of genotoxic 
effects of 1-nitropropane in somatic cells in vitro and in vivo. There are no data 
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available for effects on germ cells. 1-Nitropropane is therefore not classified in one 
of the categories for germ cell mutagens.

Absorption through the skin. Assuming the exposure of 2000 cm2 of skin for 
one hour to undiluted 1-nitropropane, the dermal absorption of 358 mg can be es-
timated for humans from an in vitro study (Section 3.1). As the NOAEC for system-
ic effects after short-term inhalation exposure of rats was 48 ml/m3 (177 mg/m3), 
a systemically tolerable amount of 155 mg is obtained after extrapolation to long-
term exposure and to humans (177 mg/m3 × 10 m3 × 7/5/4 (time)/2 (animal/human 
extrapolation)/2 (increased respiratory volume at the workplace)). Therefore, the 
amount absorbed through the skin is more than the systemically tolerable amount, 
so that the substance is designated with an “H” (for substances which can be ab-
sorbed through the skin in toxicologically relevant amounts).

Sensitization. As no clinical cases of sensitization to 1-nitropropane are avail-
able, and there is merely one negative result from an animal experiment with intra-
dermal application not carried out according to the guidelines, the substance is 
designated neither with “Sh” (for substances which cause sensitization of the skin) 
nor with “Sa” (for substances which cause sensitization of the airways).
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