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1. Exposure Data

1.1 Identification of the agent

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 127-19-5
Chem. Abstr. Serv. name: acetamide, N,N- 
dimethyl-
IUPAC systematic name: 
N,N-dimethylacetamide
Synonyms: acetic acid dimethylamide; 
acetic acid N,N-dimethylamide; dimethyl-
acetamide; dimethylacetone amide; acetyl - 
dimethylamine.

1.1.2 Structural and molecular formulae, and 
relative molecular mass

NC

CH3

CH3H3C

O

Molecular formula: C4H9NO
Relative molecular mass: 87.12

1.1.3 Chemical and physical properties of the 
pure substance

Description: at room temperature, colourless 
liquid with a weak ammonia- or fish-like 
odour; stable; combustible; incompatible with 
strong oxidizing agents (PubChem, 2019)
Boiling point: 166 °C (Gescher & Threadgill, 
1990)
Melting point: −20 °C (Gescher & Threadgill, 
1990)
Volatility: vapour pressure, 2  mm  Hg 
(0.27 kPa) at 25 °C (ChemSpider, 2015)
Flash point: 70  °C (Gescher & Threadgill, 
1990)
Relative liquid density (water = 1): 0.9366 
(25 °C/4 °C) (Gescher & Threadgill, 1990)
Flammable limits: upper explosion limit, 
320 °F (160 °C), 11.5%; lower explosion limit, 
212 °F (100 °C), 1.8% (NIOSH, 2016)
Solubility: soluble in water and most organic 
solvents (Gescher & Threadgill, 1990)
Conversion factor: 1  ppm  =  3.563  mg/m3 at 
normal temperature (25  °C) and pressure 
(101 kPa) (Gescher & Threadgill, 1990)
Technical products and impurities: available 
at purities of greater than 95% (ThermoFisher 
Scientific, 2018). Okuda et al. (2006) used 
N,N-dimethylacetamide of reagent grade 
(purity, > 99.9%) in a study in rats.

N,N-DIMETHYLACETAMIDE
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1.2 Production and use

1.2.1 Production

N,N-Dimethylacetamide is usually produced 
by the reaction of acetic acid with dimethylamine 
in a closed system at elevated temperature and 
pressure; the subsequent distillation purifies the 
product (ECHA, 2012).

1.2.2 Production volume

N,N-Dimethylacetamide has been listed 
as a chemical with a high production volume 
(OECD, 2009). In 2000, worldwide production 
of N,N-dimethylacetamide was between 50 000 
and 60 000 tons per year [~45 360–54 430 metric 
tonnes per year] (OECD-SIDS, 2012).

In 2010, European production was reported 
to be around 15 000–20 000 tonnes, of which 85% 
was consumed in Europe (ECHA, 2012). In 1997, 
the consumption of N,N-dimethylacetamide in 
Japan was about 5000 tonnes per year (Nomiyama 
et al., 2000).

1.2.3 Use

In France, 1510  tonnes of N,N-dimethyl-
acetamide are used per year in the prepara-
tion of chemical compounds, particularly 
for textile fibres and in the pharmaceutical 
sector (Honnert & Grzebyk, 2010). Worldwide, 
N,N-dimethylacetamide is mostly used (65–70%) 
as an intermediate in the production of agro-
chemicals, pharmaceuticals, fine chemicals, and 
as an excipient in human and veterinary phar-
maceuticals (ECHA, 2012).

Approximately 20–25% of N,N-dimethyl-
acetamide produced globally is used in the 
manufacture of synthetic textile fibres. It is also 
used as a solvent for several resins, including 
polyacrylonitrile, polyamides, and cellulose deri-
vates, and in the manufacture of coatings, films, 
and other miscellaneous products (ECHA, 2012).

1.3 Methods of measurement and 
analysis

1.3.1 Air

N,N-Dimethylacetamide has been quan-
tified in workplace air using a solid sorbent 
tube containing silica gel. Air is sampled at 
0.01–1.0  L/min to give a sample volume of 
15–80 L. Analysis was performed using gas chro-
matography (GC) with flame ionization detector. 
Silica gel has a high affinity for water, meaning 
that high relative humidity in the workplace may 
limit the use of this method (NIOSH, 1994).

Tanaka et al. (2002) described the measure-
ment of N,N-dimethylacetamide in workplace 
air using liquid passive–diffusive samplers with 
analysis using GC with mass spectrometry or a 
flame thermionic detector. This method yielded 
data comparable to the United States National 
Institute of Occupational Safety and Health 
(NIOSH) silica gel tube method.

Diffusive samplers with activated charcoal 
adsorbent have also been used to measure expo-
sure to N,N-dimethylacetamide (Spies et al., 
1995a).

[The Working Group noted that the concen-
trations of N,N-dimethylacetamide in the air of 
working environments may not correctly express 
the intensity of the solvent uptake, as a substan-
tial part occurs percutaneously. Consequently, 
the biological monitoring of exposure to 
N,N-dimethylacetamide is preferred to the study 
of the uptake of N,N-dimethylacetamide in 
different working facilities.]

1.3.2 Other environmental media

The measurement of N,N-dimethylacetamide 
at very low concentrations in water can be 
performed using a cartridge containing acti-
vated carbon fibre felt that is used for solid-
phase extraction of different compounds in 
water, including N,N-dimethylacetamide. 
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The minimum detectable concentration of 
N,N-dimethylacetamide in water was reported 
to be 0.02 μg/L (Kawata et al., 2001).

1.3.3 Biomonitoring

Urinary concentration of N-methylacetamide 
has been shown to reflect systematic expo-
sure to N,N-dimethylacetamide that may have 
entered the body by inhalation or through the 
skin, and is considered as a good biomarker for 
biological monitoring in professional exposure 
to N,N-dimethylacetamide (HSL, 2018). A good 
linear correlation between urinary concentra-
tions of N-methylacetamide and urinary concen-
trations of N,N-dimethylacetamide has been 
demonstrated (Kawai et al., 1997; Perbellini et al., 
2003). As shown in Section 4.1, Fig. 4.1, the first 
oxidation phase of N,N-dimethylacetamide yields 
N-hydroxymethyl-N-methylacetamide, which 
is slowly demethylated to N-methylacetamide. 
In practice, most of the N-hydroxymethyl-N-
methylacetamide measured in urine is demeth-
ylated to N-methylacetamide during analysis by 
GC, because the GC injection port is maintained 
at a temperature of 250 °C or greater. Biological 
monitoring is normally based on the total 
urinary N-methylacetamide measured using this 
procedure (HSL, 2018). In addition, N-acetyl-S-
(acetamidomethyl)-l-cysteine (another metab-
olite of N,N-dimethylacetamide) has been 
measured in the urine by Perbellini et al. (2003) 
and Princivalle et al. (2010).

Measurement of N,N-dimethylacetamide in  
plasma was proposed by Oechtering et al. (2006) 
and Cendana et al. (2017) to monitor exposure 
from drug therapies containing N,N-dimethyl-
acetamide as a solvent. Oechtering et al. (2006) 
used a rapid and selective method involving 
plasma protein precipitation with trichloroacetic 
acid, followed by analysis by liquid chromatog-
raphy with mass spectrometry. Results were 
accurate, precise, and reproducible in the range 
0.25–150.0  mg/L of N,N-dimethylacetamide in 

plasma (Oechtering et al., 2006). Cendana et al. 
(2017) proposed the measurement of N,N-di-
methylacetamide in plasma by precipitation of 
plasma proteins with acetonitrile, followed by 
high-performance liquid chromatography and 
ultraviolet detection. The limits of detection and 
quantification were 1 and 5 µg/mL respectively, 
with linearity between 1 and 1000 µg/mL.

1.4 Occurrence and exposure

1.4.1 Environmental occurrence

The release of N,N-dimethylacetamide to 
the environment during its production and 
processing occurs primarily as liquid effluent 
and gaseous emissions by venting (OECD-SIDS, 
2001).

A global distribution model for persistent 
organic chemicals suggests that any release of 
N,N-dimethylacetamide into the air is relocated 
into water and soil (OECD-SIDS, 2012).

The principal sources of environmental 
release and possible population exposure in 
Europe are: to the air, about 650 tonnes per year 
related to fibre production; and liquid emissions, 
350  tonnes per year related to water treatment, 
950  tonnes per year from waste products or 
during maintenance or cleaning, and 450 tonnes 
per year as a result of residues in fibres (ECHA, 
2012).

Despite using a very sensitive analytical 
method with a minimum detectable concentra-
tion of 0.02 μg/L in water, Kawata et al. (2001) 
were not able to find a detectable amount of 
N,N-dimethylacetamide in groundwater and in 
four river water samples in the Niigata Prefecture, 
Japan.

N,N-Dimethylacetamide undergoes rapid 
photochemical degradation in the atmosphere, 
with a half-life of 6.1  hours. Its bioaccumula-
tion in aquatic species is very low because of its 
bioconcentration factor of 0.008. A low adsorp-
tion in soils and sediments can be assumed from 
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a calculated soil adsorption coefficient (Koc) 
of 9.1. Several tests in sludges confirmed the 
biodegradability of N,N-dimethylacetamide in 
about 1 month. In soil, N,N-dimethylacetamide 
is easily mobilized by water without any possi-
bility of volatilization (OECD-SIDS, 2001).

1.4.2 Exposure in the general population

N,N-Dimethylacetamide is used as a carrier 
in the intravenous formulation of some drugs. 
The compound was detected in the plasma of 
eight children who were given a single daily dose 
of intravenous busulfan, an alkylating agent used 
in blood transfusion or bone-marrow transplan-
tation. Plasma concentrations of N,N-dimethyl-
acetamide ranging from 110 to 198 μg/mL were 
measured 8 hours after the end of a 3-hour infu-
sion, and peak plasma concentrations ranged 
from 158 to 438 μg/mL (Cendana et al., 2017).

Consumer exposure was reported to be negli-
gible as suggested by results from migration 
tests with simulated sweating on textile articles 
containing residual N,N-dimethylacetamide (at 
0.010–0.001%) (OECD-SIDS, 2001).

1.4.3 Occupational exposure

Human exposure to N,N-dimethylacetamide 
occurs mostly in workplaces where the substance 
is used downstream of its primary manufacture. 
[The Working Group noted that the manufacture 
of N,N-dimethylacetamide in a closed system 
does not favour the dispersion of the product in 
the workplace.]

In occupational settings, particularly down-
stream of production, the main routes of expo-
sure are by inhalation and skin uptake. Table 1.1 
and Table 1.2 summarize the workplace exposure 
to N,N-dimethylacetamide as measured in air 
and urine, respectively, reported in the literature.

Occupational inhalation exposures asso-
ciated with the manufacture and processing 
of N,N-dimethylacetamide in Alabama, USA, 

were measured at up to 2.49  mg/m3. Workers 
involved in resin preparation were exposed to 
N,N-dimethylacetamide at average concentra-
tions of 9.30  mg/m3 (maximum, 51.35  mg/m3), 
and spinning operators had an average exposure 
of 7.02 mg/m3 (maximum, 35.53 mg/m3) (OECD-
SIDS, 2001).

Spies et al. (1995a) monitored the exposure 
to N,N-dimethylacetamide of 127 employees 
from seven job classes in two departments of 
an acrylic-fibre manufacturing facility in the 
USA. N,N-Dimethylacetamide in workplace air 
was sampled with passive dosimeters worn on 
workers’ lapels for the 12-hour shift. A total of 
419 measurements of N,N-dimethylacetamide 
were made during 1  year. The arithmetic and 
geometric means were 2.0 and 1.45  ppm [7.13 
and 5.17  mg/m3] (averaged over 12  hours), 
respectively, with concentrations ranging 
from 0.2 to 25  ppm [0.71–89.08  mg/m3]. The 
geometric standard deviation was 2.25  ppm 
[8.02  mg/m3]. Results obtained on different 
working days were not significantly different. A 
positive association was observed between work-
place N,N-dimethylacetamide air concentration 
and its metabolite N-methylacetamide in urine 
collected at the end of a 12-hour shift.

Perbellini et al. (2003) described workers 
exposed occupationally to low concentrations of 
N,N-dimethylacetamide (median not exceeding 
1.5  ppm [<  5.3  mg/m3]) while wearing light 
clothes (undershirt and shorts), which quickly 
became damp because of high humidity and 
temperature. In these conditions the skin 
uptake of N,N-dimethylacetamide was very 
high; about 20% of 233 urine samples provided 
by the workers at the end of their work shift 
had N-methylacetamide concentrations higher 
than 30  mg/g creatinine. The solvent adsorbed 
by sweat, which acted as a reservoir for skin 
uptake, continued throughout and after the 
work shift; a shower and a change of clothing 
at the end of the work shift ensured that dermal 
absorption of N,N-dimethylacetamide did not 
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Table 1.1 Workplace exposure to N,N-dimethylacetamide measured in air

Industry, 
country, year

Job and/or process Mean (range) (mg/m3)a Comments/additional data Reference

Prefabricated 
synthetic products, 
Netherlands, 1997

Mechanical processing of 
the synthetic substance, 
produced elsewhere

52.52 (42.08–61.43) Stationary monitoring with an 
infrared analyser for 7 days

Borm et al. (1987)

Average exposure of eight different 
workers:  
21.73 (2.49–41.33), 33.49 (2.49–147.50), 
47.74 (3.56–112.23), 51.66 (3.56–131.12), 
79.10 (2.85–184.92), 78.39 (6.06–163.18), 
48.46 (3.21–118.29), 39.19 (3.21–128.27)

Personal sampling for six workers 
over an 8-h shift and two workers 
over a 4-h shift, over 5 subsequent 
working days

Production of 
synthetic fibres, USA, 
1989

Area where fibres 
containing N,N-
dimethylacetamide were 
processed

Average exposure of five different 
workers:  
4.56 (0.89–12.29), 5.20 (0.82–8.02), 
3.81 (0.89–10.05), 3.35 (0.81–8.84), 3.81 
(0.89–8.66)

Personal sampling for 5 days/week, 
over 4 subsequent working weeks

Kennedy & Pruett (1989)

Acrylic-fibre 
manufacturing 
facility, USA, 1995

Seven job classes in two 
departments

7.16 (0.71–89.08) Data collected over 1 year from 30 
workers who wore passive dosimeters 
during 12-h shifts

Spies et al. (1995a)

a  Air concentrations given in ppm in the original publications were converted to mg/m3 by the Working Group using the conversion factor 1 ppm = 3.563 mg/m3
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186 Table 1.2 Workplace exposure to N,N-dimethylacetamide as indicated by measurement of N-methylacetamide in urine

Industry, 
country, year

Job and/or process Mean (range) Comments/additional data Reference

Production of synthetic 
fibres, USA, 1989

Area where fibres containing N,N-
dimethylacetamide were processed

Average exposure of five 
different workers:  
12.2 (4–31), 16.8 (6–42), 
8.8 (4–15), 18.5 (7–42), 9.2 
(1–20) mg/L

Urine samples provided at the end of 8-h work 
shifts for 5 days/week, for 4 subsequent working 
weeks

Kennedy & 
Pruett (1989)

Acrylic-fibre 
manufacturing facility, 
USA, 1995

Seven job classes in two 
departments

First day, end of 8-h shift: 15.4 
(~1.8–280) mg/g creatinine 
Second day, end of 8-h shift: 
18.9 mg/g creatinine

Data collected over 1 year from 30 workers who 
wore passive dosimeters during 12-h shifts

Spies et al. 
(1995a)

Elastane-fibre factories, 
Republic of Korea, 
2002–2004

440 new workers were included as 
study subjects

19.6 (2.2–196.5) mg/g 
creatinine 
5.2 (0.1–79.2) mg/g creatinine

503 urine samples from the eight departments 
in which 28 hepatic injuries induced by N,N-
dimethylacetamide were found 
464 urinary N-methylacetamide results from 
the other 11 departments without any hepatic 
injuries

Lee et al. 
(2006)

Factory producing 
acrylic fibres, Italy, 2003

223 workers from a chemical 
industry producing synthetic 
acrylic fibres (acrylic resin blended 
with N,N-dimethylacetamide was 
spun through about 600 small holes 
over an area of 100 cm2 to produce 
acrylic fibres)

Median, 20.5 (1.5–173.6) mg/g 
creatinine

N-Methylacetamide concentrations were high 
in the urine of workers who had recently started 
up machinery; those attending the production 
control always had urinary N-methylacetamide 
< 30 mg/g creatinine

Perbellini 
et al. (2003)
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continue, and reduced urinary concentrations of 
N-methylacetamide were measured the following 
morning.

1.5 Regulations and guidelines

Table 1.3 reports the occupational exposure 
limits for N,N-dimethylacetamide. A “skin” 
notation is identified in all regulations. Most 
countries propose the limit of 10 ppm (36 mg/m3); 
exceptions to this include France and Germany 
(Deutsche Forschungsgemeinschaft), which 
propose 2 ppm (7.2 mg/m3) and 5 ppm (18 mg/m3), 
respectively (IFA, 2018).

Table 1.4 summarizes the biological moni-
toring limits for N-methylacetamide as a 
biological indicator index of exposure to 
N,N-dimethylacetamide.

1.6 Critical review of exposure 
assessment in key 
epidemiological studies

There were no studies in the literature specif-
ically reporting on exposure assessment in key 
epidemiological studies. Spies et al. (1995a, b) 
and Lee et al. (2006) reported data on exposure 
to N,N-dimethylacetamide, but without any 
relationship to studies of cancer in humans. 
The single study of cancer in workers exposed 
to N,N-dimethylacetamide (Mastrangelo et al., 
1993) used qualitative exposure categorization 
based on job tasks, work areas, and employment 
duration. [The Working Group considered this 
method insufficient to adequately characterize 
exposure in relation to risk of cancer.]

2. Cancer in Humans

2.1 Cohort studies

Mastrangelo et al. (1993) described a retro-
spective study of the mortality of 671 workers 
employed in an acrylic-fibre manufacturing 
facility in Venice, Italy. The process produced 
fibre for hosiery, clothing, and upholstery by 
dissolving polymerized acrylonitrile using 
N,N-dimethylacetamide, and then spinning 
the paste to form the fibre. The facility began 
manufacturing in 1959, and workers employed 
for more than 1 year before 1988 were recruited 
into the cohort; clerks and those with past expo-
sure to vinyl chloride or benzidine (classified 
as Group 1 by IARC, as causes of cancer of the 
liver and bladder, respectively) were excluded. 
Workers were grouped according to work area 
and job task, reflecting presumed differences in 
exposure levels, and into categories of duration of 
exposure and time since first exposure. Workers 
were followed until 1990.

There were a small number of deaths (32 
observed, 31.2 expected), and statistically signif-
icant increased risks were observed only for 
cancers of the intestine and colon (4 deaths, 0.38 
expected [standardized mortality rate, 10.5; 95% 
confidence interval (CI), 2.9–27.0]) or for death 
from “ill-defined symptoms”. The number of 
deaths from cancers of the intestine and colon 
was significantly increased in the subgroup with 
a short duration of exposure (< 4 years) and in 
the subgroup with less than 9  years since first 
exposure.

Perbellini et al. (2003) investigated the expo-
sure in the workforce in this factory around 
10 years after completion of the epidemiological 
study. Concentrations of N,N-dimethylacetamide 
in air were low (<  1.5  ppm) at this time, but 
median concentration of N-methylacetamide in 
urine was 20.5 mg/g creatinine with about 20% 
of measurements greater than 30  mg/g creati-
nine. [The Working Group noted that these 
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Table 1.3 International occupational exposure limit values for N,N-dimethylacetamide

Country or region 8-h limit Short-term limit

ppm mg/m3 ppm mg/m3

Australia 10 36
Austria 10 36 20 72
Belgium 10a 36 20a 72a

Canada, Ontario 10
Canada, Province of Québec 10 36
China 20
Denmark 10 35 20 70
European Unionb 10 36 20a 72a

Finland 10 36 20a 72a

Francec 2 7.2 10a 36a

Germany (AGS) 5 18 10a 36a

Germany (DFG) 5 18 10a 36a

Hungary 36 72
Ireland 10 36 20c 72c

Italyd 10 36 20 72
Japan (JSOH) 10 36
Latvia 10 36 20a 72a

Netherlands 36 72
New Zealand 10 36
Republic of Korea 10 35
Romania 10 36 20a 72a

Singapore 10 36
Spain 10 36 20 72
Sweden 10 35 20a 70a

Switzerland 10 35 20 70
Turkey 10 36 20a 72a

UK 10 36 20 72
USA (NIOSH) 10 35
USA (OSHA) 10 35
AGS, Ausschuss für Gefahrstoffe; DFG, Deutsche Forschungsgemeinschaft; JSOH, Japan Society for Occupational Health; NIOSH, United States 
National Institute for Occupational Safety and Health; OSHA, United States Occupational Safety and Health Administration
a  15-minute average value
b  Indicative occupational exposure limit value (IOELV)
c  15-minute reference period
d  Skin
From IFA (2018)
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findings suggest high dermal absorption of 
N,N-dimethylacetamide.]

[The Working Group noted that the study 
by Mastrangelo et al. (1993) found an excess 
of some cancers in this workforce. However, 
the association between these cancers and 
N,N-dimethylacetamide exposure is unclear, 
given the study’s crude exposure assessment 
methodology. The Working Group also noted 
that the study population was relatively young 
and the number of expected deaths from cancer 
was small. It is unclear whether data from the 
Perbellini et al. (2003) study are representative of 
historical conditions in the factory.]

2.2 Case–control studies

No case–control studies of occupational 
exposure to N,N-dimethylacetamide were avail-
able to the Working Group.

3. Cancer in Experimental Animals

See Table 3.1

3.1 Mouse

Inhalation

Groups of 78 male and 78 female Crl:CD-1 
(ICR) mice (age, 49  days) were exposed to 
N,N-dimethylacetamide (purity, 99.9%) at a 
concentration of 0 (control), 25, 100, or 350 ppm 
by whole-body inhalation for 6  hours per day, 
5  days per week, for 18  months (Malley et al., 
1995). Five males and five females per group were 
killed at 2–3 weeks, 3 months, and 12 months. 
There was a slight decrease in survival in females 
at 350  ppm. Survival rates in males were 46% 
(control), 60% (25 ppm), 54% (100 ppm), and 41% 
(350  ppm); respective survival rates in females 
were 80%, 77%, 76%, and 60%. Male mice at 100 
and 350  ppm had a tendency towards higher 
body weight over the course of the 18-month 
exposure period. Female mice at 350  ppm had 
a significantly higher body weight compared 
with the control group for the first 9  months; 
body weights after 9 months were comparable to 
those of the control group. Full histopathology 
was performed on all major organs in the groups 
exposed at 0 and 350 ppm; lungs, liver, kidneys, 
and all gross lesions from mice in the groups 
at 25 and 100 ppm were also examined micro-
scopically. There was no significant increase in 
the incidence of any tumour in either male or 
female mice. Regarding non-neoplastic lesions, 
there was a significant increase in the incidence 
of centrilobular hepatocellular hypertrophy 

Table 1.4 Occupational exposure to N,N-dimethylacetamide: biological exposure limits for 
urinary N-methylacetamide

Country Year Concentration Sampling time and notation

Germany (DFG) 2017 30 mg/g creatinine (N-methylacetamide plus 
N-hydroxymethyl-N-methylacetamide)

End of exposure after several shifts

UK 2017 64 mg/g creatininea

USA (ACGIH) 2017 30 mg/g creatinine End of shift at the end of the working week
ACGIH, American Conference of Governmental Industrial Hygienists; DFG, Deutsche Forschungsgemeinschaft
a  100 mmol N-methylacetamide per mol creatinine (conversion, 1 mmol/mol = 0.646 mg/g)
Compiled from HSL (2018)
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190 Table 3.1 Studies of carcinogenicity with N,N-dimethylacetamide in experimental animals 

Study design 
Species, strain 
(sex) 
Age at start 
Duration 
Reference

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Full 
carcinogenicity 
Mouse, 
Crl:CD-1 (ICR) 
(M) 
49 d 
18 mo 
Malley et al. 
(1995)

Whole-body inhalation 
99.9% 
Air 
0, 25, 100, 350 ppm for 
6 h/d, 5 d/wk  
78, 78, 78, 78 
46%, 60%, 54%, 41%

Liver Principal strengths: covered most of the 
lifespan; multiple dose study; males and 
females used; high number of mice per group 
Principal limitations: inconsistencies in 
numbers of mice reported throughout the 
article 
The denominator represents the number of 
mice investigated for this tumour type; five 
males and five females per group were killed at 
2–3 wk, 3 mo, and 12 mo

Hepatocellular adenoma
14/64, 12/64, 10/64, 8/65 NS
Hepatocellular carcinoma
2/64, 5/64, 4/64, 1/65 NS
Haemangiosarcoma
0/64, 1/64, 0/64, 2/65 NS
Testis: interstitial cell tumour
0/64, 0/30, 1/39, 1/65 NS

Full 
carcinogenicity 
Mouse, 
Crl:CD-1 (ICR) 
(F) 
49 d 
18 mo 
Malley et al. 
(1995)

Whole-body inhalation 
99.9% 
Air 
0, 25, 100, 350 ppm for 
6 h/d, 5 d/wk 
78, 78, 78, 78 
80%, 77%, 76%, 60%

Liver Principal strengths: covered most of the 
lifespan; multiple dose study; males and 
females used; high number of mice per group 
Principal limitations: inconsistencies in 
numbers of mice reported throughout the 
article 
The denominator represents the number of 
mice investigated for this tumour type; five 
males and five females per group were killed at 
2–3 wk, 3 mo, and 12 mo

Hepatocellular adenoma
0/63, 0/64, 0/63, 1/65 NS
Haemangiosarcoma
0/63, 2/64, 0/63, 1/65 NS
Mammary gland: adenocarcinoma
0/59, 1/17, 0/15, 1/59 NS

Full 
carcinogenicity 
Mouse, 
B6D2F1/Crlj 
(M) 
6 wk 
104 wk 
JBRC (2013b)

Whole-body inhalation 
99.9% 
Air 
0, 12, 60, 300 ppm for 
6 h/d, 5 d/wk 
50, 50, 50, 50 
35, 40, 33, 32

Liver Principal strengths: well-conducted GLP study; 
multiple dose study; males and females used 
Historical control incidence (range) in  
B6D2F1/Crlj male mice: hepatocellular 
adenoma or carcinoma, 35.2% (8–68%); 
lymph node, malignant lymphoma, 12.5% 
(2–28%)

Hepatocellular adenoma
10/50, 8/50, 7/50, 28/50* P ≤ 0.0001, Peto trend test 

prevalence method, Peto trend 
test combined analysis, Cochran–
Armitage trend test; NS, Peto trend 
test standard method; *P = 0.0002, 
Fisher exact test

Hepatocellular carcinoma
7/50, 4/50, 2/50, 3/50 NS
Hepatocellular adenoma or carcinoma (combined)
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Study design 
Species, strain 
(sex) 
Age at start 
Duration 
Reference

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Full 
carcinogenicity 
Mouse, 
B6D2F1/Crlj 
(M) 
6 wk 
104 wk 
JBRC (2013b)
(cont.)

16/50 (32%), 12/50 (24%), 
9/50 (18%), 29/50 (58%)*

P ≤ 0.0001, Peto trend test 
prevalence method, Peto trend 
test combined analysis, Cochran–
Armitage trend test; NS, Peto trend 
test standard method; *P < 0.01, 
Fisher exact test

Histiocytic sarcoma
1/50, 4/50, 4/50, 3/50 NS
Haemangiosarcoma
0/50, 3/50, 2/50, 0/50 NS
Lymph node: malignant lymphoma
7/50 (14%), 8/50 (16%), 8/50 
(16%), 12/50 (24%)

P < 0.05, Peto trend test combined 
analysis; NS, Peto trend test 
standard method, Peto trend test 
prevalence method, Cochran–
Armitage trend test

Full 
carcinogenicity 
Mouse, 
B6D2F1/Crlj (F) 
6 wk 
104 wk 
JBRC (2013b)

Whole-body inhalation 
99.9% 
Air 
0, 12, 60, 300 ppm for 
6 h/d, 5 d/wk 
50, 50, 50, 50 
21, 25, 21, 22

Liver Principal strengths: well-conducted GLP study; 
multiple dose study; males and females used 
Incidence in historical controls (range): 
pituitary adenoma, 14.4% (2–34%); pituitary 
adenocarcinoma, 0.6% (0–4%); pituitary 
adenoma or adenocarcinoma, 15.0% (2–34%)

Hepatocellular adenoma
2/50, 2/50, 4/50, 35/50* P < 0.0001, Peto trend test 

prevalence method, Cochran–
Armitage trend test; *P < 0.0001, 
Fisher exact test

Hepatocellular carcinoma
0/50, 1/50, 0/50, 8/50* P < 0.0001, Peto trend test 

prevalence method, Cochran–
Armitage trend test; *P = 0.0029, 
Fisher exact test

Hepatocellular adenoma or carcinoma (combined)
2/50, 3/50, 4/50, 37/50* P < 0.0001, Peto trend test 

prevalence method, Cochran–
Armitage trend test; *P < 0.0001, 
Fisher exact test

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

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Full 
carcinogenicity 
Mouse, 
B6D2F1/Crlj (F) 
6 wk 
104 wk 
JBRC (2013b)
(cont.)

Pituitary gland
Adenoma
8/48 (16.7%), 6/50 (12%), 
11/50 (22%), 8/50 (16%)

P = 0.0027, Peto trend test standard 
method; 
NS, Peto trend test prevalence 
method, Peto trend test combined 
analysis, Cochran–Armitage trend 
test

Adenocarcinoma
0/48, 0/50, 1/50, 1/50 NS
Adenoma or adenocarcinoma (combined)
8/48 (16.7%), 6/50 (12%), 
12/50 (24%), 9/50 (18%)

P = 0.0027, Peto trend test standard 
method; 
NS, Peto trend test prevalence 
method, Peto trend test combined 
analysis, Cochran–Armitage trend 
test

Full 
carcinogenicity 
Rat, Crl:CD 
(M) 
43 d 
24 mo 
Malley et al. 
(1995)

Whole-body inhalation 
99.9% 
Air 
0, 25, 100, 350 ppm for 
6 h/d, 5 d/wk 
78, 78, 78, 78 
28%, 25%, 29%, 40%

Liver Principal strengths: covers most of the lifespan; 
multiple dose study; males and females used; 
high number of rats per group 
Principal limitations: inconsistencies in 
numbers of rats reported throughout the 
article. The article reported that the number 
of animals per group at start was 87, which the 
Working Group believed was a misprint of 78 
The denominator represents the number of rats 
investigated for this tumour type; five males 
and five females per group killed at 2–3 wk, 
3 mo, and 12 mo

Hepatocellular adenoma
3/65, 3/63, 2/63, 1/62 NS
Hepatocellular carcinoma
1/65, 0/63, 1/63, 1/62 NS
Testis: interstitial cell adenoma
7/65, 6/53, 8/50, 4/62 NS

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

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Full 
carcinogenicity 
Rat, Crl:CD (F) 
43 d 
23.5 mo 
Malley et al. 
(1995)

Whole-body inhalation 
99.9% 
Air 
0, 25, 100, 350 ppm for 
6 h/d, 5 d/wk 
78, 78, 78, 78 
18%, 29%, 26%, 32%

Liver Principal strengths: covers most of the lifespan; 
multiple dose study; males and females used; 
high number of rats per group 
Principal limitations: inconsistencies in 
numbers of rats reported throughout the 
article. The article reported that the number 
of animals per group at start was 87, which the 
Working Group believed was a misprint of 78 
The denominator represents the number of rats 
investigated for this tumour type; five males 
and five females per group killed at 2–3 wk, 
3 mo, and 12 mo

Hepatocellular adenoma
0/62, 0/62, 1/62, 0/64 NS
Hepatocellular carcinoma
0/62, 0/62, 0/62, 0/64 NA

Full 
carcinogenicity 
Rat, F344/
DuCrlCrlj (M) 
6 wk 
104 wk 
JBRC (2013d)

Whole-body inhalation 
99.9% 
Air 
0, 18, 90, 450 ppm for 
6 h/d, 5 d/wk 
50, 50, 50, 50 
38, 41, 39, 40

Liver Principal strengths: well-conducted GLP study; 
multiple dose study; males and females used 
Incidence in historical controls (range): 
hepatocellular adenoma, 2.1% (0–12%); 
hepatocellular carcinoma, 0.5% (0–4%); 
hepatocellular adenoma or carcinoma, 2.5% 
(0–14%); adrenal gland, pheochromocytoma, 
326/2847 (11.5%) (0–40%)

Hepatocellular adenoma
1/50, 1/50, 1/50, 9/50* P < 0.0001, Peto trend test 

prevalence method, Cochran–
Armitage trend test; *P = 0.0078, 
Fisher exact test

Hepatocellular carcinoma
0/50, 0/50, 0/50, 4/50 (8%) P ≤ 0.0006, Peto trend test 

prevalence method, Cochran–
Armitage trend test

Hepatocellular adenoma or carcinoma (combined)

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

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Full 
carcinogenicity 
Rat, F344/
DuCrlCrlj (M) 
6 wk 
104 wk 
JBRC (2013d)
(cont.)

1/50, 1/50, 1/50, 12/50* P < 0.0001, Peto trend test 
prevalence method, Cochran–
Armitage trend test; *P = 0.0009, 
Fisher exact test

Adrenal gland
Pheochromocytoma
2/50 (4%), 1/50 (2%), 1/50 
(2%), 5/50 (10%)

P < 0.04, Peto trend test prevalence 
method, Cochran–Armitage trend 
test

Pheochromocytoma or malignant pheochromocytoma (combined)
4/50, 3/50, 1/50, 6/50 NS

Full 
carcinogenicity 
Rat, F344/
DuCrlCrlj (F) 
6 wk 
104 wk 
JBRC (2013d)

Whole-body inhalation 
99.9% 
Air 
0, 18, 90, 450 ppm for 
6 h/d, 5 d/wk 
50, 50, 50, 50 
41, 39, 36, 45

Liver Principal strengths: well-conducted GLP study; 
multiple dose study; males and females usedHepatocellular adenoma

2/50, 0/50, 2/50, 0/50 NS
Hepatocellular carcinoma
0/50, 0/50, 0/50, 1/50 NS

Initiation–
promotion 
(tested as 
promoter) 
Hamster, 
Syrian golden 
(F) 
~1 mo 
6 wk 
McGaughey & 
Jensen (1980)

Application on the cheek 
pouch 
NR 
DMSO 
0.2% DMBA 3×/wk for 
4 wk, followed by 0.05 M 
retinyl acetate plus 0 
(control) or 0.1 M N,N-
dimethylacetamide 3×/
wk for 6 wk 
10, 10 
10, 10

Oral mucosa Principal limitations: use of a single dose; low 
dose used; short duration of exposure; only one 
sex used; exact amount of chemicals applied 
unknown 
Plaques are putative non-neoplastic lesions

Total “tumours” (including plaques)
10/10, 10/10 NS
5.70 ± 1.19, 3.90 ± 0.67 NS
Advanced “tumours” (excluding plaques)
7/10, 5/10 NS
2.20 ± 0.55, 1.00 ± 0.39 NS

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

Route 
Purity 
Vehicle 
Dose(s) 
No. of animals at start 
No. (or %) of surviving 
animals

Incidence or multiplicity of 
tumours

Significance Comments

Initiation–
promotion 
(tested as 
promoter) 
Hamster, 
Syrian golden 
(F) 
~1 mo 
6 wk 
McGaughey & 
Jensen (1980)

Application on the cheek 
pouch 
NR 
DMSO 
0.2% DMBA 3×/wk 
for 4 wk, followed by 
0.5% croton oil plus 0 
(control) or 0.1 M N,N-
dimethylacetamide  
3×/wk for 6 wk 
10, 10 
10, 9

Oral mucosa Principal limitations: use of single dose; low 
dose used; short duration of exposure; only one 
sex used; exact amount of chemicals applied 
unknown 
Plaques are putative non-neoplastic lesions

Total “tumours” (including plaques)
10/10, 7/9 NS
6.00 ± 1.05, 3.00 ± 1.00 NS
Advanced “tumours” (excluding plaques)
5/10, 1/9 NS
1.00 ± 0.42, 0.22 ± 0.22 NS

d, day; DMBA, 7,12-dimethylbenz[a]anthracene; DMSO, dimethyl sulfoxide; F, female; GLP, good laboratory practice; M, male; mo, month; NA, not applicable; NR, not reported; NS, 
not significant; ppm, parts per million; wk, week

Table 3.1   (continued)
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and hepatic Kupffer cell pigment accumulation 
in males at 350 ppm, and of hepatic single-cell 
necrosis in females at 350  ppm (Malley et al., 
1995). [The Working Group noted that the study 
covered most of the lifespan, was conducted 
using multiple doses in males and females, and 
used a high number of mice per group. However, 
a limitation of the study was the inconsistency 
in the numbers of mice reported throughout the 
article.]

In a study that complied with good labora-
tory practice (GLP), groups of 50 male and 50 
female B6D2F1/Crlj mice (age, 6  weeks) were 
exposed to N,N-dimethylacetamide (purity, 
99.9%) at a concentration of 0 (control), 12, 60, 
or 300 ppm by whole-body inhalation for 6 hours 
per day, 5 days per week, for 104 weeks (JBRC, 
2013a, b). The survival rate was not affected 
by the treatment. Survival rates in males were 
35/50 (control), 40/50 (12 ppm), 33/50 (60 ppm), 
and 32/50 (300  ppm); respective survival rates 
in females were 21/50, 25/50, 21/50, and 22/50. 
A significant decrease in body-weight gain was 
observed in males at 300  ppm throughout the 
exposure period (9% lower at the end of the expo-
sure period). No significant difference in body-
weight gain was observed in females. All mice, 
including those found dead or in a moribund 
state, as well as those surviving to the end of the 
2-year exposure period, underwent complete 
necropsy.

In males, the incidence of hepatocellular 
adenoma (10/50, 8/50, 7/50, and 28/50) was signif-
icantly increased in mice at 300 ppm (P = 0.0002, 
Fisher exact test) compared with controls. The 
incidence of hepatocellular adenoma or carci-
noma (combined) – 16/50 (32%), 12/50 (24%), 
9/50 (18%), and 29/50 (58%) – was significantly 
increased in mice at 300 ppm (P < 0.01, Fisher 
exact test) compared with controls, but within 
the historical control range (incidence, 35.2%; 
range, 8–68%). The incidences of hepatocellular 
adenoma and hepatocellular adenoma or carci-
noma (combined) occurred with significant 

positive trends (P ≤ 0.0001, Peto trend test preva-
lence method, Peto trend test combined analysis, 
and Cochran–Armitage trend test; not significant 
by Peto trend test standard method). The inci-
dence of hepatocellular carcinoma (7/50, 4/50, 
2/50, and 3/50) was not significantly increased. 
[Although the Working Group considered the 
increased incidence of hepatocellular adenoma 
to be related to treatment, the increased inci-
dence of hepatocellular adenoma or carcinoma 
(combined) was not considered to be related to 
treatment because it was driven by the increase in 
the incidence of hepatocellular adenoma.] There 
was a significant positive trend in the incidence 
of malignant lymphoma of the lymph node (7/50 
(14%), 8/50 (16%), 8/50 (16%), and 12/50 (24%); 
P < 0.05, Peto trend test combined analysis; not 
significant by Peto trend test standard method, 
Peto trend test prevalence method, and Cochran–
Armitage trend test); all these incidences were 
within the range for historical controls (inci-
dence, 12.5%; range, 2–28%). [The Working 
Group considered that the positive trend in the 
incidence of malignant lymphoma could not 
be linked to the treatment because statistical 
analyses were inconclusive and all incidences 
were within the range for historical controls.]

In females, the incidence of hepatocellular 
adenoma (2/50, 2/50, 4/50, and 35/50) was signif-
icantly increased in mice at 300 ppm (P < 0.0001, 
Fisher exact test) compared with controls. The 
incidence of hepatocellular carcinoma (0/50, 
1/50, 0/50, and 8/50) was significantly increased 
in mice at 300 ppm (P = 0.0029, Fisher exact test) 
compared with controls. The incidence of hepato-
cellular adenoma or carcinoma (combined) 
(2/50, 3/50, 4/50, and 37/50) was significantly 
increased in mice at 300 ppm (P < 0.0001, Fisher 
exact test) compared with controls. The inci-
dence of hepatocellular adenoma, hepatocellular 
carcinoma, and of hepatocellular adenoma or 
carcinoma (combined) occurred with significant 
positive trends (P < 0.0001, Peto trend test preva-
lence method and Cochran–Armitage trend test). 
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The incidence of adenoma of the pituitary gland 
(8/48 (16.7%), 6/50 (12%), 11/50 (22%), and 8/50 
(16%)) was not significantly increased in treated-
females (not significant, Fisher exact test). There 
was a significant positive trend in the incidence 
of adenoma of the pituitary gland (P  =  0.0027, 
Peto trend test standard method) that was not 
detected by other trend tests (not significant by 
Peto trend test prevalence method, Peto trend 
test combined analysis, and Cochran–Armitage 
trend test); all incidences were within the range 
for historical controls (incidence, 14.4%; range, 
2–34%). The incidence of adenocarcinoma of 
the pituitary gland (0/48, 0/50, 1/50, and 1/50) 
was not significantly increased. The incidence 
of adenoma or adenocarcinoma (combined) of 
the pituitary gland – 8/48 (16.7%), 6/50 (12%), 
12/50 (24%), and 9/50 (18%) – was not signif-
icantly (Fisher exact test) increased in treated 
females compared with controls. However, there 
was a significant positive trend in the incidence 
of adenoma or adenocarcinoma (combined) of 
the pituitary gland (P = 0.0027, Peto trend test 
standard method) that was not detected by other 
trend tests (not significant by Peto trend test 
prevalence method, Peto trend test combined 
analysis, and Cochran–Armitage trend test), but 
all incidences were within the range for histor-
ical controls (incidence, 15.0%; range, 2–34%). 
[The Working Group considered that the posi-
tive trend in the incidence of adenoma and of 
adenoma or adenocarcinoma (combined) of the 
pituitary gland could not be linked to the treat-
ment because statistical analyses were inconclu-
sive and all incidences were within the range for 
historical controls.]

Regarding non-neoplastic lesions, there was 
a significant increase in the incidence of eosino-
philic foci in the liver in males and females at 
300 ppm (JBRC, 2013a, b). [The Working Group 
noted that this was a well-conducted GLP study 
with the use of multiple doses, a high number of 
mice per group, and males and females.]

3.2 Rat

Inhalation

Groups of 87 male and 87 female [the Working 
Group believed 87 was a misprint of 78 in both 
cases] Crl:CD rats (age, 43  days) were exposed 
to N,N-dimethylacetamide (purity, 99.9%) at a 
concentration of 0 (control), 25, 100, or 350 ppm 
by whole-body inhalation for 6  hours per day, 
5  days per week, for 24  months in males and 
23.5 months in females (Malley et al., 1995). Five 
males and five females per group were killed at 
2–3 weeks, 3 months, and 12 months. There was 
a slight non-significant increase in survival in 
males at 350  ppm and in all treated females. 
Survival rates in males were 28% (control), 25% 
(25 ppm), 29% (100 ppm), and 40% (350 ppm); 
respective survival rates in females were 18%, 29%, 
26%, and 32%. A compound-related decrease in 
body weight and body-weight gain was observed 
in males (body-weight gain, 16% lower) and 
females (body-weight gain, 17% lower) at 
350 ppm. Full histopathology was performed on 
all major organs in the rats at 0 and 350  ppm; 
lungs, liver, kidneys, and all gross lesions from 
rats in the groups at 25 and 100 ppm were also 
examined microscopically. There was no signifi-
cant compound-related increase in the incidence 
of any tumours in either male or female rats. 
Regarding non-neoplastic lesions, there was a 
significant increase in the incidence of hepatic 
focal cystic degeneration in males at 100 and 
350 ppm, of biliary hyperplasia and hepatic peli-
osis in males at 350 ppm, and of hepatic accu-
mulation of lipofuscin and/or haemosiderin in 
males and females at 350  ppm (Malley et al., 
1995). [The Working Group noted that the study 
covered most of the lifespan and was conducted 
with multiple doses, in both males and females, 
and with a high number of rats per group; data 
on survival rate and body weight throughout the 
study were provided in graphic form. However, 
a limitation of the study was the inconsistencies 
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in the numbers of rats reported throughout the 
article.]

In a study that complied with GLP, 
groups of 50 male and 50 female Fischer  344/
DuCrlCrlj rats (age, 6  weeks) were exposed to 
N,N-dimethylacetamide (purity, 99.9%) at a 
concentration of 0 (control), 18, 90, or 450 ppm by 
whole-body inhalation for 6 hours per day, 5 days 
per week, for 104  weeks (JBRC, 2013c, d). The 
survival rate was not affected by the treatment. 
Survival rates in males were 38/50 (control), 41/50 
(18 ppm), 39/50 (90 ppm), and 40/50 (450 ppm); 
respective survival rates in females were 41/50, 
39/50, 36/50, and 45/50. A significant decrease in 
body weight was observed throughout the expo-
sure period in males (16% lower at the end of the 
exposure period) and females (9% lower at the 
end of the exposure period) at 450 ppm. All rats, 
including those found dead or in a moribund 
state, as well as those surviving to the end of the 
2-year exposure period, underwent complete 
necropsy.

In males, the incidence of hepatocellular 
adenoma (1/50, 1/50, 1/50, and 9/50; P < 0.0001, 
Peto trend test prevalence method and Cochran–
Armitage trend test) was significantly increased 
in rats at 450  ppm (P  =  0.0078, Fisher exact 
test) compared with controls. The incidence of 
hepatocellular carcinoma (0/50, 0/50, 0/50, and 
4/50) was not statistically different (by Fisher 
exact test), but the increase in the incidence 
in the group exposed at the highest dose was 
above the upper bound of the range for histor-
ical controls (incidence, 13/2848 (0.5%); range, 
0–4%). The incidence of hepatocellular adenoma 
or carcinoma (combined) – 1/50 (2%), 1/50 (2%), 
1/50 (2%), and 12/50 (24%) – was significantly 
increased in rats at 450 ppm (P = 0.0009, Fisher 
exact test) compared with controls; the incidence 
in the group at the highest dose was above the 
upper bound of the range for historical controls 
(incidence, 2.5%; range, 0–14%). The incidence 
of hepatocellular adenoma, hepatocellular 
carcinoma, and of hepatocellular adenoma or 

carcinoma (combined) occurred with signifi-
cant positive trends (P ≤ 0.0006, Peto trend test 
prevalence method and Cochran–Armitage 
trend test). There was a significant positive trend 
(P < 0.04, Peto trend test prevalence method and 
Cochran–Armitage trend test) in the incidence 
of pheochromocytoma of the adrenal gland – 
2/50 (4%), 1/50 (2%), 1/50 (2%), and 5/50 (10%) 
– but all were below the average reported in the 
historical control database (326/2847 (11.5%); 
range; 0–40%). [The Working Group considered 
that the incidence of pheochromocytoma of the 
adrenal gland was not increased by the treatment 
because the incidences were below the average 
reported in the historical control database.]

In females, there was no significant increase 
in tumour incidence in any of the treated groups 
compared with controls.

Regarding non-neoplastic lesions, there was 
a significant increase in the incidence of eosino-
philic foci in the liver in males at 450  ppm, of 
hepatic clear cell foci in females at 450  ppm, 
of hepatic Kupffer cell pigment accumulation 
in males at 450  ppm and in females at 90 and 
450 ppm, and of focal fatty degeneration in the 
liver in males at 90 and 450 ppm (JBRC, 2013c, d). 
[The Working Group noted this was a well-con-
ducted GLP study with the use of multiple doses, 
a high number of rats per group, and males and 
females.]

3.3 Hamster

Initiation–promotion (tested as promoter)

A total of four groups of 10 female Syrian 
golden hamsters (age, ~1  month) were treated 
by painting the right cheek pouches with 0.2% 
7,12-dimethylbenz[a]anthracene (DMBA) in 
dimethyl sulfoxide (DMSO) using cotton-tipped 
applicator sticks, 3 times per week for 4 weeks. 
This was followed by painting either with 
0.05  M retinyl acetate or 0.5% croton oil in 
DMSO, plus painting either with DMSO (con - 
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trol) or 0.1  M N,N-dimethylacetamide [purity, 
not reported] in DMSO, 3  times per week, for 
another 6  weeks. N,N-Dimethylacetamide did 
not increase the incidence or multiplicity of total 
oral mucosa “tumours” and of advanced oral 
mucosa “tumours” (all oral mucosa “tumours” 
except plaques [putative preneoplastic lesions]) 
compared with the incidence and multiplicity 
for the groups treated with DMBA plus retinyl 
acetate only or DMBA plus croton oil only 
(McGaughey & Jensen, 1980). [The Working 
Group noted that the limitations of the study 
included the short-duration two-stage design, 
the small number of hamsters per group, the use 
of only one sex and a single dose, and the lack of 
precise information about the exact amount of 
chemicals applied.]

4. Mechanistic and Other 
Relevant Data

4.1 Absorption, distribution, 
metabolism, and excretion

4.1.1 Humans

See Fig. 4.1
Biomonitoring studies of exposed workers 

have provided information about the metab-
olism of N,N-dimethylacetamide (Spies et al., 
1995a; Perbellini et al., 2003; Yamamoto et al., 
2018). [Because biomonitoring studies using GC 
can be confounded by thermal degradation of 
certain metabolites during analysis (Perbellini 
et al., 2003; Yamamoto et al., 2018), the Working 
Group considered other analytical methods 
to evaluate possible N,N-dimethylacetamide 
urinary metabolites.] Analysis of urine using 
liquid chromatography and tandem mass spec-
trometry has shown that N,N-dimethylacetamide 

Fig. 4.1 Proposed metabolic scheme for N,N-dimethylacetamide
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is metabolized to N-hydroxymethyl-N-methyl - 
acetamide, N-methylacetamide, N-hydroxy-
methylacetamide, acetamide, and S-(acetamido- 
methyl)mercapturic acid, with N-hydroxy-
methyl-N-methylacetamide being the most 
commonly identified metabolite (Yamamoto 
et al., 2018). Nomiyama et al. (2000) exposed 
healthy men to N,N-dimethylacetamide at 
6.1 ± 1.3 (mean ± standard deviation, SD) ppm 
for 4  hours under one of two sets of experi-
mental conditions: whole-body while breathing 
fresh air (to estimate dermal absorption) 
or via a face mask (to estimate inhalation 
absorption). Mean dermal and lung absorp-
tion were estimated to be 40.4% and 59.6% 
of the total N,N-dimethylacetamide uptake, 
respectively. Mean biological half-lives of 
urinary N-methylacetamide were 9.0  ±  1.4  and 
5.6  ±  1.3  hours via skin and lung, respectively 
(Nomiyama et al., 2000). Maxfield et al. (1975) 
also performed inhalation (10 ppm for 6 hours 
via face mask) and dermal exposure studies 
with human subjects. N,N-Dimethylacetamide 
absorption was estimated to be 30% via the skin 
and 70% via the lung (Maxfield et al., 1975). 
Dermal absorption of N,N-dimethylacetamide 
also occurs in workers and has been estimated as 
13–30% (Borm et al., 1987). Most (n = 6) workers 
studied (n = 8) excreted about 13% of the calcu-
lated inhaled dose as metabolite in urine, and the 
half-life of urinary N-methylacetamide was eval-
uated as 16 hours (Borm et al., 1987). Half-lives 
of N-methylacetamide and S-(acetamidomethyl)
mercapturic acid in 13 workers were estimated 
as 8.7  ±  1.9  and 29.4  ±  6.6  hours, respectively 
(Princivalle et al., 2010).

Several studies have also examined the 
pharmacokinetics of N,N-dimethylacetamide 
in children receiving an intravenous formu-
lation of the DNA-alkylating drug busulfan, 
which uses N,N-dimethylacetamide as a vehicle 
(Oechtering et al., 2006; Hempel et al., 2007; 
Trame et al., 2013). The pharmacokinetics of 
N,N-dimethylacetamide in children could be 

described using a one-compartment model 
(Hempel et al., 2007; Trame et al., 2013) with 
a mean initial half-life of 3.74  hours, which 
decreased to 0.83 hours after 96 hours (Hempel 
et al., 2007). [The Working Group noted that 
these studies also had co-exposure to busulfan 
and other therapeutic agents.]

4.1.2 Experimental systems

Rats given N,N-dimethylacetamide excrete 
some of the same metabolites observed in 
humans. For example, rats exposed by subcu-
taneous injection to N,N-dimethylacetamide 
at 300  mg per day for 2  days excreted 
N-methylacetamide and acetamide in urine, 
suggesting that successive N-demethylation of 
N,N-dimethylacetamide occurs in rats (Barnes & 
Ranta, 1972). In rats, a single oral administration 
of 14C-labelled N,N-dimethylacetamide resulted 
in metabolism to N-methylacetamide (60–70%), 
N-hydroxymethylacetamide (7–10%), and aceta-
mide (7–10%) within 72 hours (EPA, 1995).

The plasma half-life of N,N-dimethyl acet-
amide was between 0.6 and 1.5  hours in rats 
exposed by whole-body inhalation (Hundley 
et al., 1994). Half-lives of N-methylacetamide 
and S-(acetamidomethyl)mercapturic acid in 
urine were about 2.5 and 6.5 hours, respectively, 
in rats after exposure to N,N-dimethylacetamide 
at 200  mg/kg bw by gavage (Princivalle et al., 
2010).

Incubation of liver microsomes from pyri-
dine-induced rats with N,N-dimethylacetamide 
has shown that it is metabolized in vitro by 
cytochrome P450 (CYP), probably CYP2E1, to 
free radical metabolites that attack the haem 
prosthetic group, leading to enzyme inactivation 
(Tolando et al., 2001).
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4.2 Mechanisms of carcinogenesis

This section summarizes the available 
evidence on the key characteristics of carcin-
ogens (Smith et al., 2016), on whether N,N- 
dimethylacetamide: is genotoxic; induces oxida-
tive stress; and alters cell proliferation, cell death, 
or nutrient supply.

N,N-Dimethylacetamide gave negative results 
in multiple test systems with respect to geno-
toxicity (see Table  4.1). For example, McGregor 
(1980) performed the following assays with 
N,N-dimethylacetamide: unscheduled DNA 
synthesis in human diploid fibroblasts (in 
vitro), tests for dominant lethal mutation in 
male rats and sperm morphology in male mice 
after exposure by inhalation, cytogenetic eval-
uations in male and female rat bone marrow 
after exposure by inhalation, and the sex-linked 
recessive lethal test in Drosophila melanogaster 
using atmospheric exposure. The results were 
negative for each of these assays. Terada et al. 
(1978) exposed mouse erythroleukaemia cells to 
N,N-dimethylacetamide, and inferred that DNA 
damage occurred based on changes in DNA 
sucrose sedimentation rates.

Acetamide, a metabolite of N,N-dimethyl-
acetamide, has also been investigated for geno-
toxicity in several D. melanogaster assays with 
conflicting results (Mitchell et al., 1981; Valencia 
et al., 1985; Batiste-Alentorn et al., 1991, 1995; 
Muñoz & Barnett, 2003).

Other data relevant to the key character-
istics of carcinogens were also available. Liu 
et al. (2016) found that N,N-dimethylacetamide 
increased reactive oxygen species (ROS) forma-
tion and decreased glutathione concentrations 
in cultured human hepatocytes at concentra-
tions that were also associated with decreased 
cell viability and/or apoptosis. Apoptosis was 
the result of ROS-mediated activation of the 
TP53-BCL2 signalling pathway (Liu et al., 2016). 
N,N-Dimethylacetamide also promoted cell 
differentiation of several mammalian cell types 

in vitro (Tanaka et al., 1975; Ohta et al., 1976; 
Porter, 1979; Speers et al., 1979; Dutko & Oldstone, 
1981; Andrews et al., 1986; Moore et al., 1986; 
Meng et al., 1995). Other studies in vitro have 
shown that N,N-dimethylacetamide can inhibit 
DNA synthesis in cultured human lymphocytes 
(Novogrodsky et al., 1980), and increase the cell 
proliferation of murine fibroblasts and protozoa 
(Sauvant et al., 1995).

4.3 Other adverse effects

4.3.1 Humans

Weiss et al. (1962) treated patients with meta-
static tumours with N,N-dimethylacetamide by 
intravenous injection at up to 500 mg/kg bw per 
day for up to 5 consecutive days, and observed 
clinical chemistry changes consistent with hepa-
totoxicity and neurotoxicity. Occupational expo-
sure to N,N-dimethylacetamide has also been 
associated with hepatotoxicity and effects on the 
central nervous system in workers (Corsi, 1971; 
Marino et al., 1994; Baum & Suruda, 1997; Su et al., 
2000; Lee et al., 2006; Jung et al., 2007; see also 
the review by Kennedy, 2012). For example, two 
cases of hepatitis in women as a result of dermal 
exposure, in addition to “minor respiratory expo-
sures”, were reported among 25 workers exposed 
to N,N-dimethylacetamide in an acrylic-fibre 
production line (Baum & Suruda, 1997). Of 30 
workers exposed to N,N-dimethylacetamide 
in the spinning department of an acrylic-pol-
ymer factory for 2–10  years, abnormalities in 
tests for liver function and hepatobiliary excre-
tion were found in 19 cases (63%) (Corsi, 1971). 
Hepatic injuries were reported in 28 cases in 
440 newly employed N,N-dimethylacetamide-
exposed workers, with an observation period of 
313.3 person-years, in two elastane-fibre plants. 
After controlling for confounders, urinary 
N-methylacetamide estimates of 20 or 30 mg/g 
creatinine were positively associated with 
hepatic injury with odds ratios of 3.70 (95% CI, 
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Table 4.1 Genetic and related effects of N,N-dimethylacetamide and its metabolite acetamide in 
in human cells in vitro and in experimental systems

Test system 
(species, strain, 
sex)

End-point Resultsa Agent, 
concentration  
(LEC or HIC)

Comments Reference

Without 
metabolic 
activation

With 
metabolic 
activation

Human 
embryonic 
intestinal cells

Unscheduled 
DNA synthesis

− (−) N,N-
Dimethylacetamide, 
9366 μg/mL

The incorporation 
of radiolabel was 
insufficient to permit 
analysis of results in the 
presence of S9 

McGregor 
(1980)

Rat, CD (M, F) Chromosomal 
aberrations

− NA N,N-
Dimethylacetamide, 
inhalation, 700 ppm, 
7 h/d for 5 d

  McGregor 
(1980)

Rat, CD (M) Dominant 
lethal test

− NA N,N-
Dimethylacetamide, 
inhalation, 700 ppm, 
7 h/d for 5 d

  McGregor 
(1980)

Rat, CD (M, F) DNA damage − NA N,N-
Dimethylacetamide, 
inhalation, 700 ppm, 
7 h/d for 5 d

  McGregor 
(1980)

Mouse 
erythroleukaemia 
cell, strain 745A

DNA damage + NT N,N-
Dimethylacetamide, 
30 mM

  Terada 
et al. (1978)

Drosophila 
melanogaster

Sex-linked 
recessive lethal 
mutations

− NA N,N-
Dimethylacetamide, 
200 ppm, 95 min in 
atmosphere

  McGregor 
(1980)

Drosophila 
melanogaster  
(sc z w* sn)

Somatic 
mutation and 
recombination 
test (SMART)

− NA Acetamide, 
4500 ppm after 
feeding

  Mitchell 
et al. (1981)

Drosophila 
melanogaster

Sex-linked 
recessive lethal 
mutations

− NA Acetamide, 
50 000 ppm, after 
feeding or injection

  Valencia 
et al. (1985)

Drosophila 
melanogaster, 
unstable Zeste–
White (UZ) 

SMART + NA Acetamide, 10 mM Doses tested: 0, 10, 20, 
and 30 mM; positive 
result at 10 mM

Batiste-
Alentorn 
et al. (1991)

Drosophila 
melanogaster, 
trans-
heterozygous 
(mwh +/+flr3)

SMART + NA Acetamide, 50 mM Doses tested: 0, 20, 30, 
and 50 mM; positive 
result at 50 mM

Batiste-
Alentorn 
et al. (1995)
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1.33–10.26) or 4.67 (95% CI, 1.66–13.15), respect-
ively (Lee et al., 2006).

4.3.2 Experimental systems

Liver effects induced by short-term exposure 
to N,N-dimethylacetamide were consistently seen 
in mice (Malley et al., 1995; Valentine et al., 1997; 
JBRC, 2013a, b) and rats (Horn, 1961; Kinney 
et al., 1993; JBRC, 2013c, d).

Other tissues, including kidney, lymphoid 
organs, bone marrow, adrenal gland, and testis, 
were also affected in short-term studies in rodents 
(Horn, 1961; Valentine et al., 1997).

Non-neoplastic hepatic lesions seen in studies 
of chronic exposure by inhalation in mice and 
rats include centrilobular hepatocellular necrosis 
and hypertrophy. Hepatic cell proliferation was 
not seen in mice or rats after chronic exposure by 
inhalation. Other effects seen in rodents exposed to 
N,N-dimethylacetamide include chronic progres-
sive nephropathy, renal papillary necrosis, and 
retinal atrophy (Malley et al., 1994; JBRC, 2013a, 
b, c, d).

4.4 Data relevant to comparisons 
across agents and end-points

See the monograph on 2-chloronitrobenzene 
in the present volume.

5. Summary of Data Reported

5.1 Exposure data

N,N-Dimethylacetamide is an amphiphilic 
chemical that is soluble in both water and organic 
solvents. It is a chemical with a high production 
volume, with global annual production estimated 
to be approximately 45 000 to 55 000 tonnes in 
2000. The compound is used in the preparation 
of textile fibres, agrochemicals, pharmaceuticals, 
and fine chemicals. It is also used as a solvent for 
resins and in the manufacture of coatings and 
films.

N,N-Dimethylacetamide is not known to 
occur naturally, but it may be released to the 
environment during its production and down-
stream use, primarily as liquid effluent and 
gaseous emissions by venting.

Test system 
(species, strain, 
sex)

End-point Resultsa Agent, 
concentration  
(LEC or HIC)

Comments Reference

Without 
metabolic 
activation

With 
metabolic 
activation

Drosophila 
melanogaster

Chromosomal 
damage

+ NA Acetamide, 0.5%, 
oral exposure

Doses tested: 0.5, 1, 
1.5, 2, and 4%; females 
heterozygous for the 
genotype y w f Df(1)
n20/y w f Df(1)n49 were 
mated to males of the 
genotype y Df(1)n23/BS 
Y y+; decreased viability 
at ≥ 2%; nondisjunction 
may be due to toxicity

Muñoz & 
Barnett 
(2003)

d, day; F, female; HIC, highest ineffective concentration; LEC, lowest effective concentration; M, male; min, minute; NA, not applicable; NT, not 
tested; ppm, parts per million
a  +, positive; –, negative; (−), negative in a study of limited quality 

Table 4.1   (continued)
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The primary routes of exposure in human 
populations are inhalation and dermal uptake; 
dermal exposure is likely predominant in occu-
pational settings, meaning that biomonitoring 
is preferred to air monitoring when estimating 
exposure.

Occupational exposures have been assessed 
in cross-sectional studies of workers in synthet-
ic-fibre production facilities, using both air and 
biomonitoring methods. Occupational inhal-
ation exposures were measured at a facility in 
the USA; workers involved in resin preparation 
and spinning operations were exposed to higher 
concentrations of N,N-dimethylacetamide than 
those involved in its manufacture. Some of these 
inhalation exposures were above the current 
occupational exposure limit. In a separate 
study (the only epidemiological study that was 
reviewed), a large number of air and urinary 
metabolite concentrations were measured in 
workers at an acrylic-fibre factory. Air concen-
trations of N,N-dimethylacetamide were gener-
ally low, although metabolites in urine were 
relatively high, indicating substantial uptake via 
the dermal route.

Low concentrations of N,N-dimethyl acet-
amide have been measured in the plasma 
of children who were intravenously injected 
with a formulation of busulfan (an alkyl-
ating agent used in blood transfusion and 
bone-marrow transplantation) that contained 
N,N-dimethylacetamide as a solvent. Exposure 
to the compound in the general popul-
ation from textile articles containing residual 
N,N-dimethylacetamide was reported to be 
negligible.

5.2 Cancer in humans

A small cohort study evaluating exposure 
to N,N-dimethylacetamide was conducted at 
a plant manufacturing acrylic fibre for hosiery, 
clothing, and upholstery in the Venice admin-
istrative region, Italy. The cohort included 

industrial workers employed for at least 1 year. 
Workers with past exposure to vinyl chloride 
or benzidine (classified as Group 1 by IARC, as 
causes of cancer of the liver and bladder, respec-
tively) and administrative staff were excluded. 
Workers were grouped according to work area 
or job task, reflecting presumed differences in 
exposure levels, and into categories of dura-
tion of exposure and time since first exposure. 
Cancer mortality for the cohort was compared 
with the general regional population and found 
to be significantly elevated for cancers of the 
intestine and colon (4 cases, 0.38 expected), but 
the association between this elevation and expo-
sure to N,N-dimethylacetamide was unclear. 
The study was limited by the young age of the 
cohort, leading to a low number of expected 
cancer deaths, and the relatively crude exposure 
assessment methodology.

5.3 Cancer in experimental animals

In the same laboratory, N,N-dimethyl-
acetamide was tested for carcinogenicity in one 
well-conducted study that complied with good 
laboratory practice (GLP) in male and female 
mice exposed by inhalation, and in one well-con-
ducted GLP study in male and female rats 
exposed by inhalation. N,N-Dimethylacetamide 
was tested in another laboratory in one study in 
male and female mice exposed by inhalation, and 
in one study in male and female rats exposed by 
inhalation. N,N-Dimethylacetamide was tested 
as a promoter in a limited initiation–promotion 
study by application to the cheek pouch of female 
Syrian golden hamsters.

In the GLP study in male mice, 
N,N-dimethylacetamide induced a significant 
positive trend in the incidence of and a signifi-
cant increase in the incidence of hepatocellular 
adenoma.

In the GLP study in female mice, N,N-di- 
methylacetamide induced a significant positive 
trend in the incidence of and a significant increase 
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in the incidence of hepatocellular adenoma, of 
hepatocellular carcinoma, and of hepatocellular 
adenoma or carcinoma (combined).

In the other study in male and female mice, 
there was no significant increase in the incidence 
of any tumour.

In the GLP study in male rats, N,N-dimethyl-
acetamide induced a significant positive trend 
in the incidence of hepatocellular adenoma, of 
hepatocellular carcinoma, and of hepatocellular 
adenoma or carcinoma (combined), and a signif-
icant increase in the incidence of hepatocellular 
adenoma and of hepatocellular adenoma or 
carcinoma (combined). The incidence of hepato-
cellular carcinoma in male rats exposed to the 
highest dose exceeded the upper bound of the 
range for historical controls.

In the GLP study in female rats, there was 
no significant increase in the incidence of any 
tumour.

In the other study in male and female rats, 
there was no significant increase in the incidence 
of any tumour.

In the study in hamsters, there was no increase 
in the incidence or multiplicity of any tumour.

5.4 Mechanistic and other relevant 
data

Information about the absorption, distribu-
tion, metabolism, and excretion of N,N-dimethyl-
acetamide was derived from workers, human 
subjects, children undergoing chemo therapy, and 
experimental animals. N,N-Dimethylacetamide is 
absorbed from the skin, lung, and gastrointestinal 
tract. In humans, metabolites include acetamide. 
Rats excrete many of the same metabolites observed 
in humans.

Concerning the key characteristics of 
carcinogens, there is weak evidence that N,N- 
dimethylacetamide and its metabolite acetamide 
are genotoxic. No data in exposed humans were 
available. N,N-Dimethylacetamide gave negative 

results in tests for genotoxicity in human diploid 
fibroblasts, in rats exposed by inhalation 
(dominant lethal mutation test, bone marrow 
cytogenetics), and in Drosophila melanogaster 
(sex-linked recessive lethal test). In D. melano-
gaster, acetamide yielded conflicting results.

In vitro, N,N-dimethylacetamide promotes 
differentiation of several mammalian cell types, 
inhibits DNA synthesis in human lymphocytes, 
and increases cell proliferation in cultured 
murine fibroblasts and protozoa. There is weak 
evidence that N,N-dimethylacetamide alters cell 
proliferation, cell death, or nutrient supply.

Humans exposed to N,N-dimethylacetamide 
develop hepatotoxicity. In rats and mice, hepa-
totoxicity, including centrilobular hepatocellular 
necrosis and hypertrophy, was observed.

6. Evaluation

6.1 Cancer in humans

There is inadequate evidence in humans for 
the carcinogenicity of N,N-dimethylacetamide.

6.2 Cancer in experimental animals

There is sufficient evidence in experi-
mental animals for the carcinogenicity of 
N,N-dimethylacetamide.

6.3 Overall evaluation

N,N-dimethylacetamide is possibly carcino-
genic to humans (Group 2B).
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