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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) and the Pregnancy Risk Group of
N, N-dimethylacetamide [127-19-5].

N,N-Dimethylacetamide causes focal cystic degenerations, peliosis, hemosiderin/lipofuscin accumulation and
apoptosis in the liver of rats and male mice after chronic whole body inhalation at 100 ml/m?®. The NOAEC in
both species is 25 ml/m?. Elastane fibre workers with exposure to N,N-dimethylacetamide show hepatocellular
injury. The data at the workplace is not adequate to derive a MAK value. The former MAK value of 10 ml/m?
was derived from the NOAEC of 25 ml/m? in rats and mice. The MAK value is now lowered to 5 ml/m?® which
takes into account the increased respiratory volume at the workplace because the blood:air partition coefficient
of N,N-dimethylacetamide is > 5 (see List of MAK and BAT Values, Sections I b and I ¢). Since a systemic effect
is critical, Peak Limitation Category II is retained. The default excursion factor of 2 is retained as well, as the
mechanism of action and the half-life in blood are not known.

In rats and rabbits, N,N-dimethylacetamide induces via inhalation at 450 or 570 ml/m?, respectively, and above,
specific teratogenic effects, cardiovascular and skeletal malformations. The NOAEC for teratogenicity in rats
and rabbits are 300 or 200 ml/m?, respectively. The lowest NOAEC for developmental toxicity in rats and rab-
bits are 100 and 57 ml/m?, respectively. Considering the increased respiratory volume at the workplace, the
NOAEC for rabbits is only six times the MAK value. However, taking into account that the NOAEC could be
higher than 57 ml/m?® and the observed effects, reduced fetal body weight and increased incidence of skeletal
variations, are considered marginal, the difference to the MAK value is sufficient. Therefore, damage to the
embryo or foetus is unlikely when the MAK value is observed and N,N-dimethylacetamide remains assigned to
Pregnancy Risk Group C. Skin contact should be avoided as N,N-dimethylacetamide is designated with an “H”.

Keywords
N,N-dimethylacetamide; toxicokinetics; metabolism; (sub)acute toxicity; (sub)chronic toxicity; reproductive

toxicity; fertility; developmental toxicity; peak limitation; prenatal toxicity; occupational exposure; maximum
workplace concentration; MAK value; toxicity; hazardous substance
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N,N-Dimethylacetamide

[127-19-5]

Supplement 2018

MAK value (2017) 5 ml/m?3 (ppm) £ 18 mg/m3
Peak limitation (2002) Category Il, excursion factor 2

Absorption through the skin (1969) H
Sensitization -
Carcinogenicity -
Prenatal toxicity (1990) Pregnancy Risk Group C

Germ cell mutagenicity -

BAT value (2000) 30 mg N-methylacetamide/g creati-
nine

Vapour pressure at 25 °C 2.67 hPa (SRC 2013)

log Kow" —0.77 (SRC 2013)

1 ml/m? (ppm) £ 3.615 mg/m?3 1 mg/m3 £ 0.277 ml/m? (ppm)

For N,N-dimethylacetamide, documentation is available from 1998 (documenta-
tion “N,N-Dimethylacetamid” 1998, available in German only) and a supplement
on peak limitation from 2002 (supplement “N,N-Dimethylacetamid” 2002, available
in German only).

In 2016, the Commission began using a revised approach for assessing substances
with a MAK value based on systemic effects and derived from inhalation studies with
animals or studies with volunteers at rest; this new approach takes into account that
the respiratory volume at the workplace is higher than under experimental condi-
tions. However, this does not apply to gases or vapours with a blood:air partition
coefficient < 5 (see List of MAK and BAT Values, Sections I b and I ¢). According
to the formula of Buist et al. (2012) the blood:air partition coefficient of N,N-di-
methylacetamide is 26 037. This supplement evaluates whether the MAK value for
N,N-dimethylacetamide needs to be re-assessed as a result of the higher respiratory
volume at the workplace.

1) octanol/water partition coefficient
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New data have been taken from the REACH registration dossier (ECHA 2016 a),
the report of the Committee for Risk Assessment (RAC) (ECHA 2014) and the SIDS
(Screening Information Dataset) Initial Assessment Report of the OECD (Organisa-
tion for Economic Co-operation and Development) (OECD 2001).

Due to its reproductive toxicity, N,N-dimethylacetamide was included as a sub-
stance of very high concern in the list of candidates for authorization in 2011 (ECHA
2016 b).

Toxicokinetics and Metabolism

Absorption, distribution, elimination

N,N-Dimethylacetamide is readily absorbed after inhalation, ingestion and skin
contact (OECD 2001). The substance can be absorbed through the skin both in liq-
uid form and from the gaseous phase. After absorption, N,N-dimethylacetamide is
metabolized for the most part in the liver and is rapidly eliminated mainly with the
urine (documentation “N,N-Dimethylacetamid” 1998, available in German only).

In animal studies (up to 70%) and also in humans, the main metabolite found in
the urine was N-methylacetamide. Already in the documentation of 1998 attention
was drawn to the fact that, in analogy to the findings with dimethylformamide, this
is most likely an artefact from sample preparation; under analytical conditions the
original metabolite N-hydroxymethyl-N-methylacetamide loses the hydroxymethyl
residue (documentation “N,N-Dimethylacetamid” 1998, available in German only).

In the workplace study described below, the authors also draw attention to the fact
thatat the high temperatures of 250 °C during gas chromatography, N-hydroxymeth-
yl-N-methylacetamide is transformed into N-methylacetamide. For this reason, the
main metabolite in the urine is probably N-hydroxymethyl-N-methylacetamide
(Perbellini et al. 2003).

Twelve healthy male volunteers (average age 25.2 years, range: 21 to 43 years) were
exposed to an N,N-dimethylacetamide concentration of 6.1 ml/m? in vapour form
twice for 4 hours at an interval of at least 96 hours, either dermally via the gaseous
phase in a chamber (whole body, 90% of the skin uncovered, breathing mask with
fresh air) or at rest via inhalation only using a breathing mask. The 36-hour urine
and samples taken 48 and 72 hours after exposure were analysed. The biological
half-life of N-methylacetamide was 9 hours after dermal exposure and 5.6 hours
after inhalation. The mean dermal absorption was estimated to be 40.4% of the total
uptake of N,N-dimethylacetamide vapour. The mean amount of N-methylacetamide
in urine calculated for exposure to 10 ml N,N-dimethylacetamide/m? on 5 consecu-
tive workdays (8 hours/day) was 33.7 (18.6—70.0) mg/g creatinine after inhalation
and dermal absorption (Nomiyama et al. 2000).

In a workplace study at an Italian factory producing synthetic acrylic fibres, 223
workers exposed to N,N-dimethylacetamide were investigated. At the end of their
workshift, urine samples were obtained from the workers. The highest urine con-
centrations of unchanged N,N-dimethylacetamide and N-methylacetamide were
found in the workers engaged in starting up the machines. The N-methylacetamide
concentrations in the urine were between 1.5 and 173.6 mg/g creatinine (median
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value 20.5 mg/g creatinine). Of the 223 urine samples 46 (19%) were found to have
more than 30 mg N-methylacetamide/g creatinine. The concentrations of N,N-di-
methylacetamide in the workplace air were determined at different times of the year,
in different parts of the working area and under all working conditions (no other
details). The analyses revealed very low average levels of N,N-dimethylacetamide
(no details), which were never higher than 1.5 ml/m®. For short periods of less than
five minutes, levels of between 5 and 10 ml/m? were sometimes reached (no other
details; Perbellini et al. 2003). Due to the assumed skin contact, it is not possible to
establish a correlation between the concentration of the substance in workplace air
and the elimination of N-methylacetamide in urine (Bader 2016).

Metabolism

As already mentioned above, the main metabolite in the urine is probably N-hy-
droxymethyl-N-methylacetamide. In addition, a metabolite not identified up to the
documentation from 1998, S-acetamidomethyl-L-acetylcysteine, was found in the
urine. This is presumably formed from N-methylacetamide (Perbellini et al. 2003).
The proposed metabolism in humans is shown in Figure 1.
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Figure 1 Proposed metabolism of N,N-dimethylacetamide in humans (Perbellini et al. 2003)
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First of all, N,N-dimethylacetamide is enzymatically hydroxylated at one of the N-
methyl groups, which results in N-hydroxymethyl-N-methylacetamide. This is easily
degraded to N-methylacetamide. As a result of the enzymatic N-methyl oxidation,
N-hydroxymethylacetamide is formed, from which acetamide results. An alternative
pathway starting with N-methylacetamide proceeds via reaction with glutathione,
which results in the formation of S-acetamidomethyl-L-acetylcysteine.

Effects in Humans

Repeated exposure

In a workplace study in Korea involving the production of elastane fibres, 440 work-
ers from ten companies at two production sites were investigated who started work
between 1st January 2002 and 31st July 2004. N,N-Dimethylacetamide was used
as solvent for the urethane oligomer mixture. Concentrations in the workplace air
were not determined. The participants completed a preplacement health exami-
nation, which included serum hepatic function tests such as alanine transaminase
(ALT), aspartate transaminase (AST), and gamma glutamyl transpeptidase (GGT)
levels, and serological tests for viral hepatitis B and C. Information concerning al-
cohol intake, smoking, exercise, and current or past diseases was obtained. The
new workers were monitored with follow-up hepatic function tests every 10 days
for three months, and health checks were carried out every six months. The defi-
nition of N,N-dimethylacetamide-induced hepatic injury was based, with some
modification, on the results of the “International Consensus Meeting on Acute He-
patic Injury” and a publication of Danan and Benichou (1993) about methods of
assessing the causality of drug-induced liver injuries. Hepatic injury was classified
as “hepatocellular” when the ALT activity was more than twice the upper limit of
the normal range or when the ratio of serum ALT activity to serum alkaline phos-
phatase activity was > 5. There had to be exposure to N,N-dimethylacetamide prior
to the diagnosis, the half-life of ALT after the end of exposure had to be less than
30 days and viral hepatitis had to be excluded. In this way 28 cases of hepatocellular
damage attributed to N,N-dimethylacetamide were found. The overall incidence
of N,N-dimethylacetamide-induced hepatic injury in this study was 0.089/person-
year. From January 2003 to July 2004, the N-methylacetamide concentrations in
the workers’ urine were analysed on a half-yearly basis and 967 urine samples were
obtained. The incidence of hepatic injury in the high exposure group was about 7
to 10 times higher than in the low exposure group. Classification in low and high
exposure groups was based on the geometric mean value of the N-methylacetamide
concentrations in the workers’ urine. N-Methylacetamide levels of 20 mg (model 1)
and 30 mg (model 2) per g creatinine were used as the cut-off criteria for the low
exposure group. The odds ratio for N,N-dimethylacetamide-induced liver damage
was 3.70 (95% confidence interval (CI): 1.33-10.26; p < 0.05) for model 1 and 4.67
(95% CI: 1.66-13.15; p < 0.01) for model 2. No hepatic injury was found in the
workers exposed for more than 7 months in either the high exposure group or the
low exposure group. In the authors’ opinion, this inverse relationship between the
incidence of N,N-dimethylacetamide-induced liver damage and the work duration
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reflects a kind of healthy survivor effect or tolerance to N,N-dimethylacetamide-
induced liver damage. The median N-methylacetamide concentration in the urine
of workers from the eight departments (number of workers in the departments not
specified) with the 28 cases of N,N-dimethylacetamide-induced liver damage was
19.6 mg N-methylacetamide/g creatinine (503 urine samples, range 2.2 to 196.5).
Analysis of the 464 urine samples from the other 11 departments yielded a median
of 5.2 mg N-methylacetamide/g creatinine (range 0.1 to 79.2). The authors report
that they could not directly determine the N-methylacetamide concentrations in
the 28 workers with hepatocellular damage, as no agreement had been reached in
this regard with the companies (Lee et al. 2006). Therefore, it was not possible to
establish a correlation between liver damage and the N-methylacetamide level in
urine. From the available data, therefore, no LOAEL (lowest observed adverse effect
level) can be derived for the N-methylacetamide concentration. Absorption through
the skin was not quantified.

In another workplace study conducted by the same research group, 1045 workers
at two factories producing elastane in Korea were investigated who started work
between 1st January 2001 and 31st July 2004. The procedure of the investigation
was the same as that of the preceding study. Here also, concentrations in air were
not determined. Of 58 suspected cases, 38 cases of N,N-dimethylacetamide-induced
hepatic injury were identified, three of which were recurrences. The interval be-
tween the beginning of exposure and the identification of liver damage (latency
period) was in most cases less than two months and never exceeded six months. In
addition, the three recurrent cases of N,N-dimethylacetamide-induced liver dam-
age had much shorter latency periods than their initial latency periods. At the time,
when the urinalyses of N-methylacetamide were carried out at half-yearly intervals
(1284 urine samples), that is between January 2003 and July 2004, 21 cases of a total
of 38 cases of N,N-dimethylacetamide-induced liver damage were observed in the
department (number of workers in the departments not specified) in which packag-
ing, changing of spinnerets and visual inspection took place. The median urinary
N-methylacetamide concentration in workers from the department with the 21 cas-
es of N,N-dimethylacetamide-induced liver damage was 25.1 mg/g creatinine (228
urine samples, range 4.6 to 196.5; interquartile range 17.5 to 51.7). The median
N-methylacetamide concentration of the 1056 urine samples from the other depart-
ment was 11.8 mg/g creatinine (range 0.1 to 133.9; interquartile range 4.8 to 23.4)
(Jung et al. 2007). The N-methylacetamide levels in the 21 workers with hepato-
cellular damage are not given, but only the average values from the department.
A LOAEL for the N-methylacetamide concentration cannot be derived from these
data. Absorption through the skin was also not quantified.
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Animal Experiments and in vitro Studies

Subacute, subchronic and chronic toxicity
Inhalation

In the long-term inhalation studies similar to OECD Test Guideline 453 (combined
chronic toxicity/carcinogenicity studies) with rats and mice already described in the
documentation of 1998 (documentation “N,N-Dimethylacetamid” 1998, available in
German only), the liver was found to be the target organ in both species. Male and
female Crl:CD-BR rats (87/dose and sex) and male and female Crl:CD-1(ICR)BR
mice (78/dose and sex) were exposed to N,N-dimethylacetamide concentrations of
0, 25, 100 or 350 ml/m? for 6 hours daily, on 5 days per week, over 24 or 18 months
(whole-body, vapour). The histological examination of organs at the end of the study
yielded the following results: in male rats, the incidence of focal cystic degeneration
(control group: 17/65, 26%; 100 ml/m?: 28/63, 44%; 350 ml/m*: 31/62, 50%) and of
peliosis (control group: 3/65, 5%; 100 ml/m?®: 7/63, 11%; 350 ml/m?: 8/62, 13%; statis-
tical significance only at 350 ml/m?®) in the liver was increased at concentrations of
100 ml/m? and above. In the male rats, the incidence of biliary hyperplasia (control
group: 37/65, 57%; 350 ml/m?: 49/62, 79%) and haemosiderin/lipofuscin accumula-
tion in the Kupffer cells, especially in the centrilobular areas (control group: 1/65,
2%; 350 ml/m?® 21/63, 34%), was increased at 350 ml/m? only. In the female rats,
an increased incidence of haemosiderin/lipofuscin accumulation was observed at
100 ml/m? and above (control group: 2/62, 3%; 100 ml/m?*: 8/62, 13%; 350 ml/m?:
13/62, 21%). The NOAEC (no observed adverse effect concentration) for liver tox-
icity was 25 ml/m?. In the male mice, increased incidences of haemosiderin/lipo-
fuscin accumulation (control group: 6/64, 9%; 100 ml/m? 17/64, 27%; 350 ml/m?*:
30/65, 46%) and single hepatocellular necrosis (= apoptosis; control group: 9/64,
14%; 100 ml/m3: 12/64, 19%; 350 ml/m3: 16/65, 25%) were found at concentrations
of 100 ml/m? and above. Only the incidence of hepatic single cell necrosis (con-
trol group: 1/63, 2%; 350 ml/m> 10/65, 15%) was increased in the female mice at
350 ml/m?3. The NOAEC for liver toxicity was 25 ml/m?® in male mice and 100 ml/m?
in female mice (DuPont 1994; Malley et al. 1995).

Reproductive and developmental toxicity

Fertility

The results of fertility studies with N,N-dimethylacetamide are shown in Table 1.
In a study of male and female fertility in Crl: CD(SD)BR rats with whole-body inha-
lation exposure, no impaired fertility was found at the highest concentration tested of
300 ml/m? Reduced body weights and increased relative liver weights were observed
in the parent animals at 300 ml/m?. The NOAEC for male and female fertility was
300 ml/m? and the NOAEC for parental toxicity 100 ml/m?® (Ferenz and Kennedy
1986; documentation “N,N-Dimethylacetamid” 1998, available in German only).
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In a study with whole-body inhalation exposure of Sprague Dawley rats,a NOAEC
for male fertility of 368 ml/m?® was obtained, the highest concentration tested. In the
male parents exposed to 368 ml/m?, the relative liver weights were increased by more
than 20%. The NOAEC for parental toxicity was therefore 116 ml/m? (Wang et al.
1989; documentation “N,N-Dimethylacetamid” 1998, available in German only).

A number of studies (Caujolle et al. 1970; Thiersch 1962, 1971) are not included in
the evaluation, as a direct effect on the foetuses cannot be excluded with intraperi-
toneal administration. In addition, a dose was not given for the painting of the tail.
The description of the method and the presentation of the results are inadequately
documented.

A one-generation study with rats (Monsanto 1973) already cited in the documenta-
tion of 1998 (documentation “N,N-Dimethylacetamid” 1998, available in German
only) was carried out in 1973 by the contract laboratories Industrial Biotest (IBT).
In the studies of IBT carried out at this time, irregularities in the conduct of stud-
ies and in the documentation of the results were found (OECD 2005), so that the
quality of the study cannot be guaranteed and therefore the study cannot be used
for the evaluation.

In 14-day inhalation studies, N,N-dimethylacetamide produced testicular dam-
age in rats and mice at concentrations of 300 ml/m? and above. The NOAEC was
100 ml/m? (Kelly et al. 1984; Valentine et al. 1997). A study carried out according
to OECD Test Guideline 453 with whole-body inhalation exposure for 24 months
revealed an increase in testicular damage in male rats at 350 ml/m?; this was consid-
ered by the authors to be a secondary effect of the observed nephropathy. In mice, on
the other hand, no testicular damage was observed up to the highest concentration
tested of 350 ml/m? after whole-body inhalation exposure for 18 months (DuPont
1994; Malley et al. 1995; documentation “N,N-Dimethylacetamid” 1998, available
in German only).

In dominant lethal tests, N,N-dimethylacetamide was not found to cause an in-
crease in dominant lethal mutations in rats after single inhalation exposures (20
and 700 ml/m?®), or in mice after single intraperitoneal injections (640 mg/kg body
weight), single dermal applications (1500 and 3000 mg/kg body weight) or inhala-
tion exposure for 5 days (7 hours/day, 20 and 700 ml/m?) (documentation “N,N-
Dimethylacetamid” 1998, available in German only).

Developmental toxicity

Studies of the prenatal, or prenatal and postnatal developmental toxicity of the sub-
stance are shown in Table 2.
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Inhalation

In Crl:CD(SD)IGS rats, after whole-body inhalation exposure to N,N-dimethylacet-
amide vapour between gestation days 6 and 19, reduced body weights were found
in the foetuses and increased relative liver weights and hepatocellular swelling in
the dams at concentrations of 300 ml/m? and above. In the foetuses, N,N-dimethyl-
acetamide led to increased incidences of visceral malformations such as ventricular
septal defects at concentrations of 450 ml/m? and above. In addition, skeletal mal-
formations occurred at 450 ml/m? in the form of fused cervical vertebral arches,
and fused exoccipital bones at 600 ml/m?®. The NOAEC for developmental toxicity
and maternal toxicity was 100 ml/m? The NOAEC for teratogenicity was 300 ml/m?
(Okuda et al. 2006).

In Crl:CD rats, after whole-body inhalation exposure to N,N-dimethylacetamide
vapour between gestation days 6 and 15, reduced body weights were found in the
foetuses and delayed body weight gains in the dams at the highest concentration
tested of 282 ml/m? The NOAEC for developmental toxicity and maternal toxicity
was 100 ml/m? (Solomon et al. 1991; documentation “N,N-Dimethylacetamid” 1998,
available in German only).

In a study with Himalayan rabbits carried out according to OECD Test Guideline
414 with whole-body inhalation exposure between gestation days 7 and 19, N,N-di-
methylacetamide vapour led to an increased incidence of additional ribs (variation)
on foetus and litter-basis at concentrations of 200 ml/m? and above. The NOAEC
for developmental toxicity was 57 ml/m? the NOAEC for teratogenicity (skeletal
and visceral malformations) 200 ml/m?® and the NOAEC for maternal toxicity was
570 ml/m?, the highest concentration tested (Klimisch and Hellwig 2000; BG Chemie
1989). For Himalayan rabbits (CHBB:HM, SPF), historical control data from be-
tween 1968 and 1999 are available from the laboratories of Boehringer Ingelheim
in Biberach. The incidence of additional lumbar ribs was 40 in 7616 (0.5%) foetuses
(Viertel and Trieb 2003); this is less than that found in the historical controls of the
testing laboratory (0.9%) (see Table 3; Klimisch and Hellwig 2000).

Table 3 Additional ribs (skeletal variation) in rabbits after inhalation exposure to N,N-dimethyl-
acetamide (Klimisch and Hellwig 2000)

Exposure (ml/m?) Controls 57 200 570 Historical
controls

foetal incidence (in percent) 0 (0%) 1(1.2%) 10 (11%)** 29 (37%)** 2 (0.9%)
litter incidence (in percent) 0 (0%) 1(7.7%)  6(43%)* 10 (71%)*" 2 (4.5%)

*p < 0.05; ** p < 0.01 (Fisher’s exact test)
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Oral administration

In a study with Crl: CD(SD)B rats available only in text form without tables, reduced
foetal body weights and one malformed foetus and reduced body weight gains in the
dams were found after gavage doses of 150 mg/kg body weight and day administered
from gestation days 7 to 21. At 400 mg/kg body weight and day, the total number of
malformations and variations was increased. Therefore, the dose of 150 mg/kg body
weight and day represents the lower limit of the dose—response relationship for mal-
formations. The NOAEL (no observed adverse effect level) for developmental and
maternal toxicity was 65 mg/kg body weight and day (DuPont 1997; documentation
“N,N-Dimethylacetamid” 1998, available in German only).

In COBS-CD rats treated by gavage from gestation days 6 to 19, at 400 mg/kg body
weight and day an increased number of postimplantation losses and an increased
total number of malformations were observed, particularly heart and vessel mal-
formations, as well as variations, especially reduced ossifications and non-ossified
sternebrae. At this dose level, the body weight gains in the dams were reduced.
The NOAEL for developmental toxicity, that is teratogenicity and maternal toxicity
was 160 mg/kg body weight and day (Johannsen et al. 1987; documentation “N,N-
Dimethylacetamid” 1998, available in German only).

In an unpublished study, the original of which is not available, with Sprague Dawley
rats, gavage doses of 323 mg/kg body weight and day administered from gestation
days 6 to 15 led to reduced body weights and slightly increased incidences of external
and visceral malformations in the foetuses. At this dose level and above, the body
weight gains in the dams were reduced. The NOAEL for developmental toxicity and
maternal toxicity was 106 mg/kg body weight and day (ECHA 2014).

In two unpublished studies in NMRI mice, likewise not available in the original,
with gavage administration from days 6 to 15 of gestation, decreased foetal body
weights and reduced absolute placenta weights were found at the lowest dose tested
of 240 mg/kg body weight and day and above. The highest sensitivity to terato-
genic effects was seen on gestation day 9 with effects on body weights occurring at
600 mg/kg (ECHA 2014).

In Himalayan rabbits, administration of the substance by gavage from gestation
days 6 to 18 led to an increased number of resorptions, a reduced number of live
foetuses and an increase in the number of cleft palates that was not statistically
significant at 282 mg/kg body weight and day and above. At 94 mg/kg body weight
and day and above, body weight gains and food consumption were reduced in the
dams. The NOAEL for developmental toxicity was 94 mg/kg body weight and day.
A NOAEL for maternal toxicity could not be derived (Merkle and Zeller 1980; docu-
mentation “N,N-Dimethylacetamid” 1998, available in German only).

Dermal application

Neither of the two studies with dermal application are used for the evaluation, as
the study with ChR-CD rats (Stula 1979; Stula and Krauss 1977; documentation
“N,N-Dimethylacetamid” 1998, available in German only) involved only two-day
exposures during gestation and in the study with New Zealand White rabbits (Stula
1979; Stula and Krauss 1977) only one dose was tested and the data were inadequately
documented.

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

Single subcutaneous injections in rats on gestation day 13 produced malformations
and foetotoxic effects at 600 mg/kg body weight and above. Administration on gesta-
tion day 15 did not produce these effects (von Kreybig et al. 1969). No control animals
were used and no data were given for maternal toxicity.

Prenatal and postnatal exposure

In a study of male and female fertility in Crl: CD(SD)BR rats with prenatal and post-
natal whole-body inhalation exposure, no substance-related effects were found in
the offspring up to postnatal day 4 at the highest concentration tested of 300 ml/m?.
The NOAEC for parental toxicity was 100 ml/m? and the NOAEC for foetotoxicity
300 ml/m?, the highest concentration tested (see also Section “Fertility”; Ferenz and
Kennedy 1986; documentation “N,N-Dimethylacetamid” 1998, available in German
only).

Manifesto (MAK value/classification)

The critical effects are histological changes in the liver of male rats, such as focal
cystic degeneration and peliosis, and in mice haemosiderin/lipofuscin accumula-
tion and apoptosis after inhalation exposure. In both species, the females are less
sensitive.

Liver damage occurred also in workers employed in elastane fibre production after
exposure to N,N-dimethylacetamide.

MAK value. In two workplace studies in Korea, the concentrations in air were
not determined and the effects of direct skin contact were not quantified (Jung et al.
2007; Lee et al. 2006). They are therefore not suitable for the derivation of a MAK
value. The studies are also not suitable for the derivation of a biological limit value,
as the elimination of N-methylacetamide by the workers with hepatocellular damage
was not directly determined.

In 24-month or 18-month inhalation studies similar to OECD Test Guideline 453
(combined chronic toxicity/carcinogenicity studies), with whole-body exposure of
rats or mice to N,N-dimethylacetamide vapour, histological changes in the liver oc-
curred in the male animals at concentrations of 100 ml/m? and above. The NOAEC
was in each case 25 ml/m?®.

On the basis of the NOAEC of 25 ml/m?® obtained in the long-term inhalation stud-
ies and taking into consideration the extrapolation of animal study data to humans
(1:2) and the higher respiratory volume of humans at the workplace compared with
animals at rest (1:2) as well as the preferred value approach, the MAK value has been
lowered to 5 ml/m?.

The results of studies with humans have shown that after exposure to 1.9 ml/m?
(geometric 12-hour mean value, corresponding as an 8-hour mean value to about
3 ml/m?) and short-term exposure to up to about 6.7 ml/m? no clinico-chemically
determinable hepatotoxicity occurs (Spies et al. 1995). The results therefore do not
contradict the MAK value of 5 ml/m3.
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In the documentation of 1998 (documentation “N,N-Dimethylacetamid” 1998,
available in German only), it is mentioned that the irritation in the respiratory tract
described in other inhalation studies at 100 ml/m?® was not confirmed in the long-
term study. The lungs, nose (4 cross-sections including paranasal tissue), trachea
and larynx/pharynx were examined histologically in rats and mice of the control
group and the high concentration group of 350 ml/m?® and no unusual findings were
observed (DuPont 1994; Malley et al. 1995). Therefore, the MAK value of 5 ml/m? is
also sufficient to protect against possible local irritation.

A concentration of 10 ml/m?® in the air corresponds to about 30 mg N-
methylacetamide/g creatinine after an 8-hour exposure of volunteers without in-
creased physical activity (Nomiyama et al. 2000). Assuming the uptake due to in-
creased respiratory activity to be twice as high, it may be concluded from this that
alevel of 30 mg N-methylacetamide/g creatinine is to be expected at the MAK value
of 5 ml/m? the BAT value is thus observed.

Peak limitation. As the MAK value of N,N-dimethylacetamide is derived on the
basis of systemic effects, the substance remains assigned to Peak Limitation Cat-
egory IL. The oxidative conversion of N,N-dimethylacetamide to N-hydroxymethyl-
acetamide or N-methylacetamide is, in analogy to dimethylformamide, considered
important for hepatotoxicity (Palmen et al. 1993). The supplement on peak limita-
tion from 2002 proposes that the central nervous effects described in the workers
exposed to N,N-dimethylacetamide may be attributed to metabolites, although this
has not been confirmed (supplement “N,N-Dimethylacetamid” 2002, available in
German only). There are still no exact details available for the mechanisms of ac-
tion and the half-lives. The default excursion factor 2 has therefore been retained.

Prenatal toxicity. In 1990, N,N-dimethylacetamide was classified in Pregnancy
Risk Group C, and in 1998 assignment to Group C was confirmed, as long as skin
contact is avoided (documentation “N,N-Dimethylacetamid” 1998, available in Ger-
man only).

Table 4 gives the NOAECs or the NOAELSs of studies relevant for the assessment,
their toxicokinetic extrapolation factors and the resulting differences to the MAK
value of 5 ml/m?® (18 mg/m?), taking, where necessary, the increased respiratory
volume into account. After oral administration, N,N-dimethylacetamide is readily
absorbed (no other details; OECD 2001). For this reason an oral absorption of 100%
is assumed in rats and rabbits.

With the exception of the gavage study in rats and the inhalation study in rabbits,
the differences between the MAK value and the calculated NOAECs for develop-
mental toxicity and foetotoxicity from the studies with inhalation exposure and oral
administration are sufficiently large. In the gavage study with rats, 150 mg/kg body
weight and day was found to be the lower limit of the dose—response relationship
for malformations (DuPont 1997). At this dose there is a difference of 15 to the
MAK value, which is likewise considered to be sufficiently large. Moreover, if the
marginal effects starting at 150 mg/kg body weight and day are taken into account,
the NOAEL might be higher than 65 mg/kg body weight and day. In addition, it
has to be borne in mind that bolus administration was used and that an adequate
margin to the NOAEC was obtained from the inhalation study with rats relevant

The MAK Collection for Occupational Health and Safety 2019, Vol 4, No 4
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for the workplace. In the inhalation study with rabbits, the NOAEC and the LOAEC
for additional ribs were 57 and 200 ml/m?, respectively, without maternal toxicity
(Klimisch and Hellwig 2000), which means that the NOAEC could in this case also
be greater. Therefore, the difference to the MAK value would be greater than 6. In
addition, the additional ribs are a skeletal variation indicating merely an incipient
marginal effect. For these reasons, assignment to Pregnancy Risk Group C has been
confirmed.

N,N-Dimethylacetamide passes easily through the skin. For this reason, in 1990,
the additional note that skin contact should be avoided was included (documenta-
tion “N,N-Dimethylacetamid” 1998, available in German only). Quantitative data
for dermal penetration from animal studies are not available. In humans, the der-
mal absorption of N,N-dimethylacetamide in vapour form is about 40% (Nomiyama
et al. 2000). For this reason, the importance of avoiding skin contact is emphasized
and attention is additionally drawn to the high level of dermal absorption from the
gaseous phase.

References

Bader M (2016) Addendum to N,N-Dimethyl acetamide [BAT Value Documentation, 2010].
MAK Collect Occup Health Saf,
https://doi.org/10.1002/3527600418.bb12719e1716

BG Chemie (1989) Prinatale Toxizitdt von Dimethylacetamid als Dampf an Kaninchen nach
inhalativer Aufnahme (German). BASF AG, Ludwigshafen, Proiect No: 9080104/8638

Buist HE, de Wit-Bos L, Bouwman T, Vaes WH] (2012) Predicting blood:air partition coefficients
using basic physicochemical properties. Regul Toxicol Pharmacol 62: 23-28

Caujolle F, Chanh PH, Dat-Xuong N, Azum-Gelade MC (1970) Toxicological studies upon acet-
amide and its N-methyl and N-ethyl derivatives. Arzneimittelforschung 20: 1242-1246

Danan G, Benichou C (1993) Causality assessment of adverse reactions to drugs. I. A novel meth-
od based on the conclusions of international consensus meetings: application to drug-induced
liver injuries. J Clin Epidemiol 46: 1323-1330

DuPont (1994) Oncogenicity study with H-18842. Long-term inhalation study in rats and mice.
DuPont HLR 664-93, Haskell Laboratory for Toxicology and Industrial Medicine, Newark, DE,
USA, DuPont, Wilmington, DE, USA, unpublished

DuPont (1997) Dimethylacetamide (DMAC): Developmental toxicity study in Sprague-Dawley
rats. DuPont HL-1997-00203, Haskell Laboratory for Toxicology and Industrial Medicine,
Newark, DE, USA, unpublished

ECHA (European Chemicals Agency) (2014) Committee for Risk Assessment, RAC, Annex 1,
Background document to the opinion proposing harmonised classification and labelling at
community level of N,N-dimethylacetamide (DMAC). ECHA, Helsinki, Finnland,
https://echa.europa.eu/documents/10162/89e83223-3f21-7094-6e03-b007e2{78401

ECHA (2016 a) Information on registered substances. Dataset on N,N-dimethylacetamide (CAS
Number 127-19-5), joint submission, first publication 02.03.2011, last modification 02.02.2016,
http://echa.europa.eu/web/guest/information-on-chemicals

ECHA (2016 b) Candidate List of substances of very high concern for Authorisation (published
in accordance with Article 59(10) of the REACH Regulation),
https://echa.europa.eu/candidate-list-table

Ferenz RL, Kennedy Jr GL (1986) Reproduction study of dimethylacetamide following inhalation
in the rat. Fundam Appl Toxicol 7: 132-137

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


https://doi.org/10.1002/3527600418.bb12719e1716
https://echa.europa.eu/documents/10162/89e83223-3f21-7094-6e03-b007e2f78401
http://echa.europa.eu/web/guest/information-on-chemicals
https://echa.europa.eu/candidate-list-table

N,N-Dimethylacetamide 2025

Johannsen FR, Levinskas GJ, Schardein JL (1987) Teratogenic response of dimethylacetamide in
rats. Fundam Appl Toxicol 9: 550—-556

Jung SJ, Lee CY, Kim SA, Park KS, Ha BG, Kim J, YuJY, Choi T (2007) Dimethylacetamide-induced
hepatic injuries among spandex fibre workers. Clin Toxicol (Phila) 45: 435-439

Kelly DP, Kerns WD, Burgess BA, Kennedy Jr GL (1984) Subchronic inhalation toxicity of dimeth-
ylacetamide in rats. Toxicologist 4: 65

Klimisch HJ, Hellwig J (2000) Developmental toxicity of dimethylacetamide in rabbits following
inhalation exposure. Hum Exp Toxicol 19: 676683

von Kreybig T, Preussmann R, von Kreybig I (1969) Chemical constitution and teratogenic effect
in rats. II. N-alkylurea, N-alkylsulfonamide, N,N-dialkylacetamide, N-methylthioacetamide,
chloracetamide (German). Arzneimittelforschung 19: 1073-1076

Lee CY, Jung SJ, Kim SA, Park KS, Ha BG (2006) Incidence of dimethylacetamide induced hepatic
injury among new employees in a cohort of elastane fibre workers. Occup Environ Med 63:
688-693

Malley LA, Slone Jr TW, Makovec GT, Elliott GS, Kennedy Jr GL (1995) Chronic toxicity/onco-
genicity of dimethylacetamide in rats and mice following inhalation exposure. Fundam Appl
Toxicol 28: 80-93

Merkle], Zeller H (1980) Untersuchungen von Acetamiden und Formamiden auf embryotoxische
und teratogene Wirkung bei Kaninchen (German). Arzneimittelforschung 30: 1557-1562

Monsanto (1973) One generation reproduction and teratology study with DMAC (dimethylacet-
amide) in albino rats. IBT No B161, NTIS/OTS0526383, EPA/OTS Doc ID 88-900000154,
NTIS, Springfield, VA, USA

Nomiyama T, Omae K, Ishizuka C, Yamauchi T, Kawasumi Y, Yamada K, Endoh H, Sakurai H
(2000) Dermal absorption of N,N-dimethylacetamide in human volunteers. Int Arch Occup
Environ Health 73: 121-126

OECD (Organisation of Economic Co-operation and Development) (2001) N,N-Dimethylacet-
amide, CAS No. 127-19-5, OECD SIDS Initial Assessment Report, UNEP (United Nations
Environment Programme), Geneva,
https://hpvchemicals.oecd.org/ui/handler.axd?id=16564422-daff-4489-8c27-735d3ab0b260

OECD (2005) Manual for Investigation of HPV Chemicals Chapter 3: Data Evaluation,
http://www.oecd.org/chemicalsafety/risk-assessment/36045203.pdf

Okuda H, Takeuchi T, Senoh H, Arito H, Nagano K, Yamamoto S, Matsushima T (2006) Devel-
opmental toxicity induced by inhalation exposure of pregnant rats to N,N-dimethylacetamide.
J Occup Health 48: 154—-160

Palmen NG, Evelo CT, Borm PJ, Henderson PT (1993) Toxicokinetics of dimethylacetamide
(DMAC) in rat isolated perfused liver. Hum Exp Toxicol 12: 127-133

Perbellini L, Princivalle A, Caivano M, Montagnani R (2003) Biological monitoring of occupa-
tional exposure to N,N-dimethylacetamide with identification of a new metabolite. Occup
Environ Med 60: 746-751

Solomon HM, Ferenz RL, Kennedy GL Jr, Staples RE (1991) Developmental toxicity of dimethyl-
acetamide by inhalation in the rat. Fundam Appl Toxicol 16: 414—422

Spies GJ, Rhyne RH, Evans RA, Wetzel KE, Ragland DT, Turney HG, Leet TI, Oglesby JL (1995)
Monitoring acrylic fiber workers for liver toxicity and exposure to dimethylacetamide. 2. Se-
rum clinical chemistry results of dimethylacetamide-exposed workers. ] Occup Environ Med
37:1102-1107

SRC (Syracuse Research Corporation) (2013) N,N-Dimethylacetamide, PhysProp database,
http://esc.srcinc.com/fatepointer/search.asp


https://hpvchemicals.oecd.org/ui/handler.axd?id=16564422-daff-4489-8c27-735d3ab0b260
http://www.oecd.org/chemicalsafety/risk-assessment/36045203.pdf
http://esc.srcinc.com/fatepointer/search.asp

2026 MAK Value Documentations

Stula EF (1979) Percutaneous embryotoxicity testing of chemicals. Adv Study Birth Defects 2:
179-189

Stula EF, Krauss WC (1977) Embryotoxicity in rats and rabbits from cutaneous application of
amide-type solvents and substituted ureas. Toxicol Appl Pharmacol 41: 35-55

Thiersch JB (1962) Effects of acetamides and formamides on the rat litter in utero. ] Reprod Fertil
4:219-220

Thiersch JB (1971) Investigations into the differential effect of compounds on rat litter and moth-
er. in: Tuchmann-Duplessis H (Ed.) Malformations congénitales des mammifeéres, Masson et
Cie, Paris, France, 95-113

Valentine R, Hurtt ME, Frame SR, Kennedy Jr GL (1997) Inhalation toxicology of dimethylacet-
amide (DMAC) in mice and rats: age-related effects on lethality and testicular injury. Inhal
Toxicol 9: 141-156

Viertel B, Trieb G (2003) The Himalayan rabbit (Oryctolagus cuniculus L.): spontaneous inci-
dences of endpoints from prenatal developmental toxicity studies. Lab Anim 37: 19-36

Wang GM, Kier LD, Pounds GW (1989) Male fertility study on N,N-dimethylacetamide admin-
istered by the inhalation route to Sprague-Dawley rats. ] Toxicol Environ Health 27: 297-305

completed 21 July 2016

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



	Title
	Keywords
	Citation Note
	License

