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OECD/ICCA -The BUA! Peer Review Process

Qudified BUA personnd (toxicologids, ecotoxicologids) peform a qudity control on the full
SDS dosser submitted by industry. This qudity control process follows internd BUA
guidelines/ingructions for the OECD/ICCA peer review process and includes.

a full (or update) literature search to verify completeness of data provided by industry in the
IUCLID/HEDSET

Review of data and assessment of the qudity of data
Review of data evaugtion

Check of adequacy of sdection process for key studies for OECD endpoints, ad, where
relevant, for non-OECD endpoints by checking origind reports/publications

Review of key sudy description according robust summaries requirements, completeness
and correctness is checked againg origind reports/publications

(if origind reportsare missing: rdiability (4) = not assgnable)
Review of vdidity of structure-activity reationships

Review of full SIDS dosser (including SIAR, SIAP and proposd for concluson and
recommendation for further work)

In case of data gaps, review of testing plan or rationale for not testing.

1 BUA (GDCh-Beratergremium fiir Altstoffe): Advisory Committee on Existing Chemicas of the Associaion of
German Chemists (GDCh).
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SIDSINITIAL ASSESSMENT PROFILE

CAS No. 68-12-2
Chemical Name N,N-dimethylformamide
..
Structural Formula o~ '|\|

RECOMMENDATIONS

The chemicd is a candidate for further work

SUMMARY CONCLUSIONSOF THE SIAR
Human Health

N,N-dimethylformamide (DMF) is of low acute toxicity in mammads LDs ra (ord) 3040
mg/kg bw, LG rat (inhdlative, 4 h) > 5900 mg/nT, LDso rat (dermal) > 3160 mglkg bw. Main
symptoms  following exposure were gpahy and Staggering (ord) and irregular or intermittent
respirdion (inhdation). It was irritating to the eyes of rabbits but not irritating to the skin of
rabbits and réts.

DMF did not show a sendtizing potentid when used as a vehide in a locd lymph node assay.
In repeated-dose toxicity sudies in rats and mice with chronic exposure over 2 years (rats) or 18
months (mice) and subchronic exposure over 13 weeks by inhdation, or in ras trested by ord
adminigraion of DMF (90 day feeding study or adminidgraion by gavege for 28 days), the
predominant target organ was the liver (NOAEC: chronic inhdation rat: 25 ppm (about 80
mg/m° ), LOAEC: chronic inhdation mouse: 25 ppm (about 80 mg/nT); NOAEC: subchronic
inhalation rat: 100 ppm, mouse 400 ppm (sbout 300 mgm® and 1210 mg/m® , respectively);
NOAEL: ra, 90 days 200 ppm (about 12 mg/kg bw/day), 28 days about 238 mg/kg bw/day). In
a 13week inhdation sudy with a limited number of Cynomolgus monkeys no trestment-related
effects occurred (NOAEC: 500 ppm (about 1500 mg/n)).

DMF does not induce chromosome aberrations or gene mutations in various test sysems in vivo
and in vitro. In addition, no increased tumor incidence was found in carcinogenicity sudies in
rats and mice that were exposed to 25, 100 and 400 ppm DMF (about 80, 300, and 1210 mg/nt)
by inhdation for 2 years or 18 months, repectively.

Reproductive toxicity was obsarved a the presence of some generd toxicity in a continuous
breeding sudy in mice, when DMF was adminisgered ordly in the drinking water at doses of
1000, 4000 and 7000 ppm (about 219, 820 and 1455 mgkg bw/day). The maxima tolerated
dose for generdized toxicity was 1000 ppm (about 219 mg/kg bw/day) for the FO and the F1
generation, thus a sysemic NOAEL could not be determined. Significant reproductive toxicity
(eg. reduced fertility and fecundity characterized by reduced pregnancy and mating index (the
latter one only in the high dose group), reduced number of litters, reduced average litter 9ze and
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for the F1 paentd males by effects on prostate weight and epididyma spermatozoa
concentration, the later finding only in the high dose group) and deveopmentd toxicity (eg.
reduced survivd and growth of pups, increese in craniofacid and dernebrd  maformations)
occurred a 4000 ppm and above. At 1000 ppm, reduced pup weights were found in F2 pups
Thus 1000 ppm (about 219 mg/kg bw/day) was the NOAEL for reproductive and developmenta
toxicity in FO and F1, and the LOAEL for developmenta toxicity in F2.

Deveopmental toxicity and teratogenicity occurred in ras and rabbits in vaious dudies
(inhdation, ord- or dermd adminigration) and in mice (ord adminigraion). In rats embryo-
[fetotoxicity and teratogenicity were mostly seen a maerndly toxic doses, whereas in mice and
in rabbits embryo-/fetotoxicity and teratogenicity occurred dso a dose levels without maternd
toxicity. However, the rabbit appeared to be the mogst sengtive species to the developmenta
toxic effects of DMF.

Rabbit: NOAEC (inhdative) maternd toxicity and teratogenicity as wel as embryo-/fetotoxicity
50 ppm (about 150 mgnt); NOAEL (ord, gavage) materna toxicity and embryo-/fetotoxicity
65 mg/kg bw/day, teratogenicity 44.1 mg/kg bw/day; NOAEL (dermd) maternd toxicity and
teratogenicity as well as embryo-/fetotoxicity 200 mg/kg bw/day).

In humans, DMF is absorbed by inhdation and through the skin. After high exposures (up to 60
ppm) heedeches abdomind pain, nauses, vomiting, dizziness devaied liver enzymes and
doohdl intolerance (facid flashing and papitations) were seen.  Case reports of testicular cancer
in arcraft repar and leather tannery facilities failed to be confirmed in further studies. Reports
of DNA and chromosoma damage in peripherad lymphocytes of subjects exposed to DMF either
failed to take into account smoking as a confounder or coexpasure to other chemicas.

With respect to the metabolism of DMF the following concluson can be drawn: DMF is readily
absorbed via dl exposure routes.  N-hydroxymethyl-N-methyiformamide is the man urinary
metabolite and to a minor extent, but with greater toxicologicd rdevance the metabolite mono-
N-methylformamide (MMF) occurs which may patidly be conjugated to glutathione forming S
methylcarbamoylglutathione.  The GSH and its sequd adducts (S-methylcarbamoylcystein and
the ocorreponding mercapturic  acid  S-methylcarbamoyl-N-acetyl-cysteine) seem to  be
responsible for developmentd toxic effects.

At higher doses, DMF inhibits its own metabolism, i.e the formyloxidaion to MMF which
precedes the GSH binding.

Persons who repestedly inhded DMF excreted the mercapturic acid at levels of ~ 13% of the
dose with atota hdf-life (i.e. DMF biotransformation and excretion) of 23 hours.

Ethanol and probably the metabolite acetddehyde inhibit the breskdown of DMF and
conversely, DMF inhibits the metabolism of ethanol and acetddehyde.  Furthermore, ethanol

induces cytochrome P450 2E1 which facilitates the initid hydroxylation of DMF.  Thus
exposure to DMF can cause a severe alcohol intolerance.

Environment
N,N-dimethylformamide (DMF) is a colorless liquid, which is miscible with wae in dl
proportions and has a vapour pressure of 3.5 hPa (at 20°C). The log Kow was measured to —
0.85 (at 25°C).

Didribution moddling usng Mackay Level | indicates water to be the main target compartment
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for DMF (98.7%). In the amosphere DMF is indirectly photodegraded by reacting with
hydroxyl radicds with i, = 2 hours. According to OECD criteria the substance is reedily
biodegradable.  Hydrolyss is not expected under environmenta conditions.  Bioconcentration
factor in fish was measured t0 0.3 — 1.2,

In short term tests with fish, daphnids and dgae DMF showed an acute toxicity EC/LC50 >100
mg/l. Hence DMF is not regarded as harmfu to aguetic organisms. In the following the lowest
vaid EC/LC50 data of different aquatic species are summarized:

Lepomis macrochirus LC50(96h) = 7100 mg/l
Daphnia magna: EC50(48h) > 100 mg/l; EC50(48h) = 15700 mg/l
Scenedesmus subspicatus EC10 ard EC50(96h) > 1000 mg/l (biomass and growth rete).

Long term reproduction sudies with Daphnia magna resulted in NOECs of 1140 mg/l (28 days)
and 1500 mg/l (21 d).

Applying an assessment factor of 50 on the lowest available NOEC of 1140 mg/l a PNECya =
22.8 mg/l can be derived according to the EU risk assessment procedure.

Exposure

In Germany 50,000 to 100,000 t DMF were produced in 2000 a BASF AG, Ludwigshafen.
Further producers are located in Begium, Korea, Japan, Spain and USA. The totd production
volume in the EU (induding Germany) is in the range of 50,000 to 100,000 t/a In Ada, the
production volume is 100,000 to 500,000 tonnes per year and in North America it is 50,000 to
100,000 tonnes per year. DMF is predominately used as a solvent in synthess of fine chemicds,
in polyacrylonitrile fibre production, polyurethane coeting and in the dectronics indugtry. The
remaning is split into various goplications like varnishing, surface coating, polyamide coating,
absorbents, cleaners and extractants.  In addition, DMF is ds0 used as a solvent in crop
protection agents.

Releases into the environment may occur during production of DMF and during its use as
solvent or cdeaning agent. In 1991 the maximum annua releese of DMF into the hydrosphere
from production and processng in preunificaion Germany wes edimated to 352 t.
Approximately 9000 t/a were emitted into the atmosphere. More recent data about environmenta
releases are not available. Reéeases into the terrestria compartment may occur from use of DMF
as solvent in plant protection products. However, thisrelease is not quantifiable.

Product regigter information indicates that there are several products that contain the substance
in dgnificant amounts (up to 100 %). The product types are solvents intermediates, paints,
lacguers and varnishes. Among the products there are some products for private use. Therefore
consumer and occupationd exposure can not be excuded.  Exposure to workers during
production iswdll controlled in the industry of the sponsor country (Germany).

NATURE OF FURTHER WORK RECOMMENDED

Human Health: The chemicd is a candidate for further work. In occupdaiond settings where
exposure is not controlled and, due to information of European product regiders exposure to
consumers and workers cannot be excluded. As the extent of exposure cannot be estimated and
the substance is a devdopmentd toxicant, a human exposure and if then indicated a risk
assessment should be performed.
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Environment. Concerning the aquatic compartment, DMF is of low concern due to the low
toxicity to aguatic organiams, the low bicaccumulation potentid and the dlassfication as readily
biodegradable. However, high rdleases of DMF into the amosphere are described in the BUA
report from 1991. Although the subgtance has a hdf-life in the amosphere of 2 hours, these very
high emissons may pose a locd problem in the vicinity of point sources In addition releases
into the soil result from the use of the subdance in plant protection products.  Therefore,
exposure data gathering should be peformed. Depending on the exposure informetion further
information on toxicity to terestrid organiams may be required, for example a plant fumigation
test.
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SIDSInitial Assessment Report

1 IDENTITY
1.1 Identification of the Substance
CASNumber: 68-12-2
I[UPAC Name: Dimethylformamide
Molecular Formula: CsH7NO
Structura Formula: -
04\”\1
Synonyms. dimethylformamide
DMF
DMFA
formdimethylamide
N -Formyldimethylamine
Substance type: organic
Physicd datus ligud

12 Purity/Impurities/Additives
Purity: 3 99.9 % wiw

13 Physico-Chemical properties

N,N-Dimethylformamide (DMF) is miscible with water in dl proportions (Bipp and Kieczka,
1989). The vapour pressure a 20°C is 35hPa (IPCS, 1991). A Henry's law constant of 7.47+10°
hPa*m*/mol can be deduced from an experimentally determined equilibrium constant a& 25°C (Taft
e d., 1985). The patition coefficient logPoy is measured to —0.85 (BASF, 1987). Since the
densty of DMF (0.95 glen® a 20°C; Bipp and Kieczka, 1989) is very smilar to that of water,
significant flotation or dratification in surface watersin case of accidenta lossesis not expected.
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2 GENERAL INFORMATION ON EXPOSURE

In Germany 50,000 to 100,000 t DMF were produced in 2000 & BASF AG, Ludwigshafen. Further
producers are locaied in Begium, Korea, Japan, Spain and USA. The production volume in the EU
(induding Germany) is in the range of 50,000 to 100,000 t/a In Ada the production volume is
100,000 to 500,000 t/a and in North America it is 50,000 to 100,000 t/a DMF is predominately
used a a slvent in synthess of fine chemicds in polyacrylonitrile fibre production, in
polyurethane coating and in dectronics industry. The remaining is split into various applications
like vamnishing, surface coaing, polyamide coeting, dbsorbents, deaners and extractants (BUA,
1991). The former use of DMF as a solvent in crop protection agent formulations of BASF has been
abandoned. However, there is recent information from the Finnish product regiger on the use of
DMF as solvent in pesticides used for fungi in tomatoes, cucumbers and decorative plants.

The Danish product regiger (August 2001) gives the information that there is a totd number of 42
products that contan the substance in amounts up to 100 %. Product types ae solvents
intermediates and paint, lacquers and varnishes Among the products there are 5 products for
privete use.

In the Swedish product register (September 2001) there are 37 products that contain the sibstance,
among them 3 consumer products. Main uses of these products are solvents and intermediates.

The Swiss product regiger (July 2001) gives the informetion that there are 145 products that
contain the substance in concentrations up to 100 %. Among them there are 33 products for public
use. Product types are eg. paint, lacquers and varnishes, solvents, cleaning agents, herbicides.

Rdeases into the environment may occur during production of DMF and during its use eg. as
olvent, deaning agent. In 1991 the maximum annud release of DMF into the hydrosphere from
production and processng in pre-unification Germany was estimated to 352 t. Approximately 9000
t/a were emitted into the atmosphere (BUA, 1991). More recent data about environmental releases
arenct avalable.

Releases into the terrestrid compartment may occur from use of DMF as solvent in plant protection
products. However, this rlease is not quantifiable.

21 Environmental Exposure and Fate

Didribution modelling usng Mackay Levd | (BASF, 2001) indicates water to be the man target
compartment for DMF (98.7%). In the amosphere DMF is expected to be indirectly photodegraded
with a hdf life of 2 hours (BUA, 1991). Under OECD 301E test conditions DMF turned out to be
readily biodegradeble (100% after 21 days, BASF, 1989). A lagphase of 14 days was observed in
this study. In a MITI | test a degradation of 4.4 % after 14 days was found (CITI, 1992). However,
congdeing the long lag-phase found in the OECD 301E dudy there is no discrepancy between
these two sudies and DMF can be classified as readily biodegradable. In a sawage treatment plant
gmulation tet usng activaied dudge from a municipd sawage trestment plant as inoculum an
acclimation phase of 35 days was necessary before an diminaion of DMF took place. After this
period DMF was dmost completely removed (andyss of substance concentration) from the
gynthetic waste water used in the study (Dojlido, 1979). Photodegradation in water occurs with a
hdf life of 50 days (BUA, 1991). However, as DMF is classfied as readily biodegradable this
dimination pathway is not predominant for the substance Hydrolyss is not expected under
environmenta conditions.
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Bioaccumulation studies on fish (Cyprinus carpio) showed no dgnificant accumdation potentid
(BCF = 0.3 — 1.2 after 56 days CITI, 1992), which corresponds to the experimentally determined
logK oy = —0.85 (BASF, 1987).

Geoaccumulation is dso not expected from the log Kow of —0.85.

22 Human Exposure

Exposure measurements (persond sampling) have been peformed a different Stes within the
fadilities of the producer in the Sponsor Country during 1996 — 2001

- production: 4 measurements; result: al vaues below detection limit (0.02 ppm)
- usE 219 messurements; result: 1.05 ppm (90% percentile)
Higher workplace exposures have been reported in the literature (cf section 3.1)

In the European Union, DMF may not be used in substances or preparaions placed on the market
for sde to the generd public in concentrations equa or grester than 05% (EU directive
76/769/EEC on redrictions of marketing and use of dangerous substances and preparations), since
the substance may cause harm to the unborn child. Due to information from European product
registers, consumer exposure cannot be excluded.
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3 HUMAN HEALTH HAZARDS

31 Hazard Assessment Experience with Human Exposure

Percutaneous absorption of liquid and N,N-dimethylformamide (DMF) vapor was shown in human
volunteers (Mraz et d., 19923, b). A good and linear correlation of DMF concentrations in the air of
the workplace and N-hydroxymethytN-methylformamide in the urine a the end of an 8h shift was
found (Kawa e d.; 1992, Saka & d., 1995; Lareo and Perbdlini, 1995). Workers with high DMF
workplace exposure concentrations up to 60 ppm reported headaches, dizziness, anorexia, nauseq,
abdomind pan, and dcohd intdlerance (facid flushing and pdpitations). Clinicd  invesigations
showed devaed liver enzyme vaues for serum aspartate aminotransferase (ASAT) and serum
danine aminotrandferase (ALAT) (Redlich et d., 1988, 1990; Wang & d., 1991; Ca & d., 1992
Cox and Mustchin, 1991; Fleming e d., 1990). One case of pogtive pach tes reection (0.:1.0 %
in pet) was reported in a woman using DMF in her laboratory work. However DMF (0.1% in pet.)
was negative in 20 controls (Camarasa, 1987).

Case reports of tedticular cancer in arcraft repar and lesther tannery facilities suggested possible
asocidion with DMF. Further research has faled to confirm this reationship. A screening effat at
a leather tannery, where a cancer custer had been noted, identified no additiond cases. Mortdity
and cancer incidence sudies and nested case-control investigations of testicular cancer and severd
other anatomicd Stes a severd facilities with exposure to DMF noted no convincing associations
(IARC, 1999, Ducaman et d.; 1986; Levin et d., 1987, Cdvert et d., 1990; Chen et d., 1988 ab;
Warah et d., 1989).

Increases in chromosome aberration (CA), sster chromatid exchange (SCE) and UV-induced
unscheduled DNA synthess (UDS) in peripherd lymphocytes was observed in 26 viscose rayon
plant workers exposed to acrylonitrile (ACN) and DMF during a 20-month period compared to
controls. The range of peek ACN and DMF concentrations in ambient air were 659 and 0.2-7.7
ppm a the gart of the study and 0.1:1.7 and 1.2-7.6 ppm seven months later, respectively. No data
were available for twenty months (Mgor et a, 1998). Since workers were exposed to ACN and
DMF a the same time no assgnment of the effects to a Sngle compound is possble. Investigetion
of frequency of premature centromere divison (PCD) in peripherd lymphocytes in 18 of the 26
workers did not show a sgnificant incresse compared to controls. However, analyss of correlation
indcated that PCD is probably independent from CA (Mgor, 1999).

No association of exposure to DMF and SCE frequency in peripherd lymphocytes was found in an
investigation in 85 workers from aresin synthesis plant (Cheng et d, 1999).

Frequency of chromosomal geps and bresks in peripherd lymphocytes was 1.4 % in 20 workers
expoed to mono, di-, and trimethylamine as wel as DMF compared to 04 % in controls.
Workplace concentrations were 1.98.8 ppm for DMF and 0.005-1.7 ppm for dimethylamine. The
authors commented the frequency of chromosoma gaps and bresks was low compared to other
sudies. Possible effect of smoking was not taken into account (Berger et d, 1985).

Chromosomd  abardions in peripherd lymphocytes were invedigaed in about 40 workers
ocaupationdly exposed to DMF and severd other chemicads were found to be increased when
compared to controls. At DMF concentrations in ambient air of 60 and 50 ppm frequencies of
chromosoma aberrations was 3.82 and 2.74 %. At DMF concentrations of 16.7, 133, and 11.7 ppm
frequencies were 1.59, 1.58, and 1.49 %. Aberration frequencies in the controls were 1.61 and 1.10
%. Ambient air concentrations of the coexposures were not given (Koudelaand Spazier, 1981).
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Sder chromatid exchange rates in peripherd lymphocytes in 22 femde workers in a lesther
production factory were invesigated in comparison to a control group of 22 femdes from the
cericd or busness depatment. Workers were divided into three subgroups according to DMF
concentration in ambient air. SCE frequencies was sgnificantly higher in the high (5.8 ppm) and
the medium (0.7 ppm) exposure group than the in matched controls, but not in the low exposure
group (0.3 ppm). Workers were dso exposed to toluene (concentration in ambient ar up to 09
ppm) (Saiji et d, 1992).

Reports of chromosoma and DNA damege in peripherd lymphocytes of subjects occupationdly
exposed to DMF either falled to take into account smoking as a confounder (Berger et d, 1985) or
coexposure to other chemicds (Mgor & d, 1998, 1999, Sdji et d, 1992, Koudda and Spazie,
1981). No association of exposure to DMF and SCE frequency in peripherd lymphocytes of
workerswas found by Cheng et d, 1999.

Summary

DMF is asorbed by inhdation and through the skin. After high exposures (up to 60 ppm)
headaches, adomind pain, nausea, vomiting, dizziness, devaed liver enzymes, and dcohol
intolerance (facid flashing and papitations) were seen. Case reports of testicular cancer in arcraft
repar and leather tannery fadilities faled to be confirmed in further studies. Reports of DNA and
chromosoma damage in peripherd lymphocytes of subjects exposed to DMF ather faled to teke
into account smoking as a confounder or co-exposure to other chemicals.

32 Effects on Human Health

3.2.1 Toxicokinetics, M etabolism and Distribution

DMF (DMF) is readily absorbed via dl exposure routes in human beings and animas. Dermd
absorption from the vapour phase may even exceed pulmonary aosorption.

The fird metabolic sep in humans and animds is hydroxylaion of one of the methylgroups,
mediated by Cytochrom P450 2E1. The resulting N-hydroxymethylN-methylformamide is dso the
main urinary metabolite. (MMF was once consdered to be the predominant urinary metabolite of
DMF; later it was reveded that N-hydroxymethyl-N-methylformamide formes MMF on the gas
chromatographic column and GC andyss does not reflect the true pettern of metabolites in the
urine (Scailteur et d., 1984 cited in Klug et d., 1998).)

To a minor extent, yet with greater toxicologicd relevance, a second pathway (of lower capecity)
exigs, namdy P450 2E1 dependent hydroxylation and subsequent formyloxidation to  mono-N-
methylformamide (MMF). MMF is then patidly conjugated to glutathione forming S-methyl-
cabamoylglutathione. As glutathione carbamoylaing species, an intermediary formation of methyl
isocyanate was podulated but not proven. The GSH- and its sequd adducts (S-methylcarbamoyl-
cysdein and the corresponding mercgpturic acid  S-methylcarbamoyl-N -acetyl-cysteine) appeared  to
be respongble for developmentd toxic effects in an in vitro assay (Klug et d., 1998). In this in vitro
assay with limb bud organ cultures DMF and its mgor metabolites were investigated for ther
devdopmenta toxicicty in the mouse. Nether DMF nor the predominant urinary metabolite N-
hydroxymethyl-N-methylformamide  exhibited devdopmental activity, whereas the metabolites
mentioned before and resulting from the glutathione binding pathway showed potent developmenta
activity on growth and development of day 12 old mouse limb buds after 24 hours as well as 6 days
in culture.

S-methylcarbamoyN-acetyl-cysteine was found at levels of 1% to 5% of the dose in the urine of

mice, hamsters and rats after parenterd adminidtration. Interestingly, higher doses of DMF were
converted to a lessr extent to S-methylcarbamoyl-N-acetyl-cysteine, than lower doses. At higher
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doses, DMF inhibits its own metabolism, i.e the formyloxidaion to MMF which precurses the
GSH binding (Mréz et d., 1993).

Persons who had inhded DMF (8 hours daily for 5 days & concentrations of 10, 30 or 60 mg/m°’)
excreted the mercapturic acid at levels of ~13% of the dose with a totd hdf-life (i.e. DMF
biotransformation and excretion) of 23 hours (Mréz and Nohova, 1992).

When comparing these data from different species including man, the different doses
adminigration routes and rates (inhaation in man versus i.v. treatment of animas) as wdl as the
pesk levels of the parent substance DMF have to be taken into account.

When the sum of dl three N-methylcarbamoylthioesters in plasma (SMGS) were assessed as a
function of exposure concentration in rats (after inhaation) the following pattern was obtaned:

At 25 and 84 ppm DMF there was a linear relaion between DMF exposure and 'SMGs. At both
levels, the 'SMG'-levels obtained were in a range that was shown to produce embryotoxic effects in
vitro. At 25 ppm the steady date levels for 'SMGs (~ 50 umol/l) was obtained after 12 hours of
exposure and dayed in that range during a continuing exposure up to 48 hours. After exposure
termination the 'SMGs were excreted with a hdf-life of goproximately 2.8 hours. At 84 ppm the
deady date 'SMG' levd was ~ 200 pmal/l; exaetion hdf-life was ~22 hours. At 213 ppm,
however, no 'SMGs were found until 6 hours following a 72 hours exposure time, presumably
because of the inhibition of biotransformation (Filser et d., 1994).

A ddayed biotrandformaion of DMF a high dose levds was dso obsarved by other authors
(Hundley et d., 19933, b; Lundberg et d., 1983).

These data may explan why in prenatd toxicity dudies in ras the dope of the dose response
relation was 0 low (Hedlwig et d., 1991). The data underline the corrdation of the internd 'SMG'
doses with the risk of prenatd toxicity.

Mutud interaction occurs between the degradation steps of DMF and acohol. Ethanol and probably
the metabolite acetadehyde inhibit the breskdown of DMF and conversdy, DMF inhibits the
metabolism of ethanol and acetddehyde. Furthermore, ethanol induces cytochrome P450 2E1
which facilitates the initid hydroxylaiion of DMF. Exposure to DMF, therefore, causes a severe
acohal intolerance which may show up even after termination of working shift (Greim, 1992).

Conduson
DMF isreadily absorbed viadl exposure routes in human beings and animas.
N-hydroxymethyl-N-methylformamide is the main urinary metabaolite.

To a minor extent, yet with greger toxicologicd relevance the metabolite mono-N-
methylformamide (MMF) occurs which may patidly be conjugaed to glutahione forming S-
methylcarbamoylglutathione. In an in vitro assay indications were found that the GSH- and its
seque adducts (Smethylcarbamoylcystein - and  the  corresponding  mercepturic acid
S-methylcarbamoyN-acetyl-cysteine) seem to be responsible for developmentd toxic effects.

At higher doses, DMF inhibits its own metaboliam, i.e the formyloxidetion to MMF which
precurses the GSH binding.

After repested inhdation of DMF, persons excreted the mercapturic acid a levels of ~13% of the
dose with atotd hdf-life (i.e. DMF biotransformation and excretion) of 23 hours.

Ethanol and probably the metabolite acetaldehyde inhibit the breakdown of DMF and conversdly,
DMF inhibits the metabolism of ethanol and acetaldehyde. Furthermore ethanol induces
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cytochrome P450 2E1 which facilitates the initid hydroxylation of DMF. Thus, exposureto DMF
can cause asevere acohol intolerance.

3.2.2 Acute Toxicity

After dngle ord adminidraion by gavage the LDs for rais was determined to be 3040 mglkg bw
(BASF, 1972). Man symptoms observed were gpathy and staggering after ord intake. Further
dudiesin ratsreveded LD vauesin the range between 2200 and 7550 mg/kg bw (BUA, 1991).

Acute inhdation of the maximum technicdly dtanable concentration of 5900 mg N,N-
dimethylformamide/m?® by rats resulted in a LCgrvaue of > 5900 mgn?/ 4 h; (BASF, 1979).
Irregular or intermittent respiration were observed in the trested animals.

The LD50 for derma application was determined in the rat and resulted in a vadue of > 3160 mg/kg
bw (Toxic Subgances Control Act Test Submisson (TSCATS): OTS 0516779, 1978); no
substancerelated dinica findings were reported in the studly.

Condusion

DMF isof low acute toxicity in mammals.

3.2.3 lrritation

The undiluted subgtance (about 0.5 ml) led to fant redness in one of four rabbits on the firsd day
after remova of the bandage (after a 20 hour semi-occlusve exposure). On the second day there
were no more findings, thus DMF was not regarded to be irritating to the skin of rabbits (BASF,
1952). The undiluted substance was even not irriteting to the skin of ras (mean primary irritation
score 0) under occlusve conditions on aoraded skin after a 24 hour exposure (TSCATS. OTS
0516779, 1978); but it was irritating to the eyes of rabbits adminisered a a dose of 0.1 ml or
folowing adminigraion of one drop of the tet substance twice a an intervd of 5 minutes
respectively (TSCATS. OTS 0516779, 1978; BASF, 1952).

With respect to irritation of the eyes, n one sudy severe sgns of inflammation (redness, chemosis
and purulent secretion) as wel as trandent opecity of the cornea in one of two animds were
observed (BASF, 1952); in the other study (TSCATS. OTS 0516779, 1978) the primary irritation
index (xcoring was done according to the method of Draize e d. 1944) was 50.8 after 1h,
decreasng to 358 after 72 h and 35.0 on day 4, decreesng to 3.3 on day 13. All animds in the
latter study showed large bligters on the ingde of upper and lower lids a te 1 and 4 hour readings.
Blisters decreased in Sze at the 24 hour reading and they were gone at 48 hours.

Condusion
DMF causes no skinirritation but it isirritating to the eyes.

3.2.4 Sensitisation

Inamurineloca lymph node assay DMF was used as avehide. 25 pl were gpplied on the dorsum
of both ears of mice for three consecutive days. The trestment led to dight ear-draining lymph node
activation as expressed by increased weight and cell count. However, there was no clear indication
of asengtizing potentia of DMF (Ulrich et d., 2001).
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3.2.5 Repeated Dose Toxicity

In chronic inhalation studies Crl:CD BR rats were exposed over a period of 2 years and Crl:CD-1
(ICR)BR mice were exposed for 18 months a concentrations of 25, 100 and 400 ppm (about 80,
300 and 1210 mgin?) 5 dw and 6 hd (Mdley et d., 1994). In the rats body weight and body
weight gain were reduced in both sexes a 400 ppm and in the mae animds a 100 ppm. Mareover,
the animds in these groups showed increesed enzyme activity (serum sorbitol  dehydrogenase),
increesed liver weights and some histopathological findings in the liver. There was no compound-
related incresse of tumors. Estrous cycles were not dtered in the femades. Smilar findings were
obsarved in mice. At 400 ppm liver weights were increassed in both sexes and & 100 ppm in the
maes. At dl concentraions tested minima to mild hepatocdlular hypertrophy was observed
(incidence being doserdated). Individua hepatocdlular necross together with some  other
higopathologicd ~ findings (minimad to moderate  kupffer cdl hypeplasa with  pigment
accumulation of lipofuscin and hemosiderin) were seen in dl groups (dso control, incidence being
gregter in N,N-dimethylformamide-treated animas). A compound-related increase in tumors was
not observed and there was no effect on edtrous cycles in femae mice. According to the authors, a
NOEC (no-obsrvable-effect level) was not achieved in mice due to morphologica changes seen in
the liver a dl three test concentrations, nevertheless they expected the NOEC to be close to 25 ppm
due to the minima changes observed at this concentration.

These minimd changes incdluded a dightly (for the maes dgnificantly) increesed incidence of
hepatocdlular  hypertrophy, doserdated ad ddidicdly Sgnificantly  increesed  incidence  of
hepatic angle cdl necrods in both sexes, and doserdaed (for the maes sgnificantly) increased
incidences of hepatic kupffer cdl hyperplasaand pigment accumulation.

Rat NOAEC: 25 ppm Mouse LOAEC: 25 ppm
Rat LOAEC: 100 ppm

In 13 week-inhalation studies (NTP, 1992) Fischer 344 rats and B6C3F1 mice were exposed to
concentrations of 50, 100, 200, 400 and 800 ppm (gbout 150, 300, 610, 1210 and 2430 mgnt ) for
6 hourg/days, 5 days per week.

In the rats body weight gain was reduced a the two highest concentrations tested. Hepatocd lular
injury was biochemicdly characterized by increesed activities of liver-gpecific enzymes in serum in
both sexes a 200800 ppm. Reative liver weghts were increesed in the femdes a 4l
concentrations and in the mades a 100 ppm and above Hepatocdlular necrosis occurred in both
sexes & 400 and 800 ppm and pigment accumulation was found in both sexes a the highest
concentration.  Although liver hisopathdogy findings were absent, the NOAEC was 100 ppm
based on the findings observed in the liver function assays (i.e. increased serum cholesteral).

In the mice body weights were dightly reduced in the femdes a 800 ppm. Rddive liver weights
were increased in both sxes a dl exposure concentrations, however this finding did not show a
clear doseresponse rdationship. Hepaocdlular hypertrophy was found in dl trested groups of
mae mice and & 100 ppm and aove in the femdes. Since in chronic inhdation udies in rats and
mice (e above (Mdley et d., 1994)) no increased incidence of hepatic tumors occurred, the
hepatocelular hypertrophy can be regarded as the result of an adaptive process, thus the NOAEC
for miceis expected to be a about 400 ppm.

Rat NOAEC: 100 ppm Mouse NOAEC: 400 ppm
Rat LOAEC: 200 ppm Mouse LOAEC: 800 ppm

A limited number of Cynomolgus monkeys (e 3 femde and 5 mde monkeyd
group were used; for the maes 2 animads/group were designated as the post exposure groups, that
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were held for additiond 13 weeks with no exposure and were then necropsied) was trested with
DMF by inhalation for 13 weeks a concentraions of 30, 100 and 500 ppm (about 90, 300, 1500
mg/m?®) (TSCATS: OTS 0000750-1, 1990; TSCATS: OTS 0528444, 1990).

No treatment-related findings were observed. Increased length of the estrous cycle was observed in
one femde in the low, two femdes in the mid and dl femdes in the high concentration group, but

not assessed as trestment-related given the importation higtory and lack of pre-exposure data
Monkey NOAEC: 500 ppm

In a 90-day feeding study Charles River CD drain rats recaved 200, 1000 and 5000 ppm DMF
(@bout 12, 60 and 300 mgkg bw/day) (TSCATS: OTS 0520880, 1960; TSCATS: OTS 0571664,
1960; TSCATS. OTS 0572893, 1960). Rddive liver weights were dightly increased a 1000 ppm,
a higopahologicd corrdate was not found but hypercholeterdlemia and devated phosphalipid
vaues were obsarved in femdes. Leucocytoss and a decrease in the red blood cell count were
observed. At 5000 ppm both sexes showed depressed body weight gan and reduced food
consumption.  Sight anemia, leukocytoss, hypercholeserolemia  and  devaed  phospholipid
concentrations were seen. Increased relative liver weights together with mild liver injury in the
higtologica examination were found in both sexes.

Increased relative liver weights a 1000 and 5000 ppm were dose-related.
Rat NOAEL: 200 pom
Rat LOAEL.: 1000 ppm

In a 28-day study, Sprague-Dawley rats received 250, 500, 1000 and 2000 I N,N-
dimethylformamidekg bw (sbout 238, 475, 950 and 1900 mgkg bw/day) by gavage on 5
daysweek (BASF, 1977). In the highest dose group dl animds died, mosly a the beginning of the
sudy. At 1000 pl/kg bw/day dl animds were affected by reduced food consumption and reduced
body weight, maes dready a the beginning, femdes a the end of the study. Hepatic injury was
characterized by changes in dinicd chemigry vaues, eg. incressed enzyme activities Rdaive
liver weights were increased in both sexes. Higologicd examination reveded an acute to subacute
hemorrhagic liver dystrophy with necross in both sexes in the two high dose groups. Disturbances
in kidney function were characterized by devated urea (femdes) and credtinine vaues, the latter
one in both sexes. Relative kidney weights were increased in the maes.

At 250 and 500 pl/kg bw/day reduced food consumption in the mades and a 500 pl/kg bwi/day
reduced body weight was observed in the maes For the observaion of incressed rdéive liver
weights in both sexes and of increased reative kidney weghts in the maes no histopathologica
correlate was found.

Rat NOAEL: 238 mg/kg bw/day
Rat LOAEL: 475 mg/kg bw/day
Condusion

Theliver isthe predominant target organ of D MF toxidity.

The substance may aso cause damage to the hematologica system and the kidneys after repested
uptake as shown in animal sudies.

3.2.6 Mutagenicity

DMF is often used as negdaive control substance (solvent) in mutagenicity and genetic toxicity
dudies without showing any conspicuous effects.
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Invitro Studies

DMF was negdive in the dandard plate-incorporation Ames-Test with Sdmonela typhimurium
TA98, TA100, TA1535 TA1537 and TA1538, both with and without metabolic activation (rat
liver S9 mix) and even when tested a cytotoxic concentrations ( concentretions tested: 9400 — 470
000 pg/plate (TSCATS: OTS 0520905, 1977).

Negetive results were adso obtained with and without metabolic activetion in the SCE assay with
CHO-cdls (conc. tested 0.0625 -1mg/ml), the UDS Test in human diploid fibroblasts (conc. tested:
up to 9220 mg/l) and a chromosome aberration/SCE assay (conc. tested 1.6, 3.2, 6.3 mg/ml) agan
with CHO-cdls (Evans and Mitchdl, 1981, TSCATS. OTS 0516796, 1981; Natargan and
K esterenvan Leeuwen, 1981).

Although the vest mgority of mutagenicity and genetic toxicity Sudies led to negdive results,
sngle in vitro invedtigations with a postive result were reported in the literature. The pogtive
reaults observed in tests with S cerevisee (i.e induction of mitotic aneuploidy and increased
inhibition of cdl growth in a repar-defective srain of yeast) were regarded as fase pogtive by the
authors due to specific effects related to the use of fungal cels and/or the absence of the gppropriate
detoxification mechanisms or the need of further development of the assay. With respect to a
margind mutagenic response in a mouse lymphoma cdl forward mutation assay without SO mix at
concentrations of 5000 pg N,N-dimethylformamide/ml that was abolished by the use of SO mix,
there are reproducible negative results a the same concentration in some other publications. The
same is true for cytogenetic tests with human periphera lymphocytes. Taking into account the
aforementioned aspects, the sngle dudies with pogtive results are not regarded to be plausble or
consstent.

In vivo Studies

In two dominant lethal assays (one in NMRI mice by sngle i.p. adminigration of the subgtance a a
dose of about 380 mglkg bw, and ancther one in Sprague-Dawley rats by inhdation exposure over a
peiod of 5 days 6 Wd a concentrations of 30 and 300 ppm (sbout 90 and 910 mg/m?)) DMF
exposure did not result in mutagenic effects (BASF, 1976 alb; TSCATS: OTS 0516779, 1978).

In two Micronucleus assays in which Bab/c or ICR mice were trested by a sgngle i.p.
adminigration of DMF (Bab/c mice were trested with doses of 0.2, 20 and 2000 mg/kg bw and the
ICR mice were treated with 125, 25 or 50% of the LDS0, i.e. doses of about 404, 808 and 1615
mg/kg bw) no increases in micronuclei in bone marow were seen (Antoine et d., 1983; Kirkhart,
1981).

Conduson

DMF does not induce chromosome aberrations or gene mutations in various test systemsin vivo
and in vitro.

3.2.7 Carcinogenicity

In the chronic inhdation studies in ras (2 years) and mice (18 months) dreedy described under
324 (Mdley & d., 1994), in which the animads were exposed to 25, 100 and 400 ppm (5 dw, 6
hd) no compoundrelated lesons were noted in the nose or respiraory tract and the incidences of
hepatic tumors and testicular tumorsin both species were smilar to control vaues.

Cdl-labdling indices in the liver (messured in 5 randomly sdlected animds per sex and group after
2 weeks, 3 months and 12 months of testing) showed no substance-rdated effect a any exposure
level in the mice in the rat cdl-labeling indices for hepatocytes were not daidicdly different
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between control and 400 ppm animds, but rates were dightly higher for 400 ppm maes a 2 weeks
and 3 months but not a 12 months.

Condusion

Chronic exposure to DMF did not cause a compound-related increase of tumors in rats or mice, thus
DMF was not oncogenic a concentrations up to 400 ppm.

3.2.8 Toxicity for Reproduction

In a continuous breeding study CD-1 mice were treated ordly with DMF in the drinking water a
doses of 1000, 4000 and 7000 ppm (about 219, 820 and 1455 mg/kg bw/day) (Fal e d., 1998). The
maxima tolerated dose (MTD) for generdized toxicity was 1000 ppm for the FO and the F1
generation, thus a systemic NOAEL could not be determined.

At dl dose levels in the FO generation liver weights were increased. At necropsy body weight was
dgnificantly depressed in the femdes a 7000 ppm. Reproductive toxicity was observed in the mid
and high dose groups represented by reduced fertility. Monitoring of the estrous cycle in control
and high dose femdes reveded a decressed number of femdes in the high dose group having
norma cycdes. F1 pup postnata survivd was reduced during pre- and postweaning and body
weights of F1 pups in the mid and high dose were dso reduced, moreover the surviving pups of
these dose groups exhibited craniofacid and sternebrd maformations.

Data generated by a crossover mating trid in the course of the continuous breedng study suggested
that the femae was the sex affected by DMF treatment because femaes treated with 7000 ppm
DMF produced smdler litters compared to control pars or the group of control femaes mated to
tresied maes. In addition, pups born by trested femdes mated to controls exhibited maformations
sgmilar to those observed in the F1 pups of the FO parental generation.

The sdected animds for the F1 parentd generation showed reduced body weights in the mid and
high dose groups. The F1 animds of al DMF treated groups had increased liver weights associated
with hepatocdlular hypertrophy. F1 estrous cycle length was sSgnificantly longer in the high dose
femdes compared to the control animas Hidopathology did not reved any findings in the
reproductive tissues of the femdes. Mde animas showed decreased reldive prostate weight at dl
doses and epididymd spermatozoa concentration was reduced a the high dose Affected
reproductive performance was seen a the high dose by reduced mating index and a the high and
mid dose by reduced pregnancy index and reduced litter dze. Live F2 pup body weghts were
reduced at dl doses and maformations observed in F2 pups of dl DMF trested groups were smilar
to those observed for F1 litters. Craniofacid and sernebrd mdformations a the mid and high doses
were characteristic and occurred in offspring of both generations.

Mouse

FO, F1 parenta generaion, systemic toxicity LOAEL.: 1000 ppm (gppr. 219 mg/kg bw/day)

FO, F1 fertility NOAEL: 1000 ppm (appr. 219 mg/kg bw/day)
F1 developmentd toxicity NOAEL.: 1000 ppm (gppr. 219 mg/kg bw/day)
F2 developmentd toxicity LOAEL: 1000 ppm (appr. 219 mg/kg bw/day)
Conduson

Sgnificant reproductive toxicity (eg. reduced fertility and fecundity characterized by reduced
pregnancy and mating index (the latter one only in the high dose group), reduced no. of litters,
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reduced average litter Sze and for the F1 parenta males by effects on progtate weight and
epididymd spermatozoa concentretion, the latter finding only in the high dose group) occurred at 3
4000 ppm (mean exposure of 820 mg/kg bw/day) in the presence of some generd toxicity (i.e.
increased liver weights, hepatocdlular hypertrophy and decreased body weightsin the femaes at
7000 ppm). Developmentd toxicity (e.g. reduced surviva and growth of pups, increasein
craniofacid and sternebra maformations) was observed in both generations. Reduced F2 pup
weight was observed at 3 1000 ppm (appr. 219 mg/kg bw/day) and reduced F1 pup weight at 4000
ppm. At3 4000 ppm an increase in cranio-facid and sternebra maformations was observed in
offspring of both generations.

3.2.9 Developmental Toxicity / Teratogenicity

In two inhdation gudies Long-Evans rats (Kimmerle and Machemer, 1975) and Sprague-Dawley
rats (TSCATS. OTS 0516779, 1978) were exposed from day 6 to day 15 of gestation, 6 hours/day
to exposure levds of 18 and 172 ppm (about 55 and 520 mg/n? ) and to 30 and 300 ppm (sbout 90
ad 910 mgn? ), respectivdy. In both sudies teratogenicity was not observed, however
fetotoxicity occurred a 172 ppm in the LongEvans fetuses without sgns of materna toxicity
whereas maend toxicity and fetotoxicity were obsarved in the Sprague-Dawley rats at the
exposure level of 300 ppm. In the Long-Evans fetuses fetotoxicity was represented by sgnificantly
reduced body weights in comparison to the control fetuses and in the Sprague-Dawley fetuses by
sgnificantly reduced fetd weghts and a dgnificant higher incidence of fetuses with osdfication
vaiationsin comparison to the control fetuses.

Rat NOAEC maternd Toxicity: 172 ppm (Kimmerle and Machemer, 1975)
Rat NOAEC Teratogenicity: 172 ppm (Kimmerle and Machemer, 1975)
Rat NOAEC Fetotoxicity: 18 ppm (Kimmerle and Machemer, 1975)
Rat NOAEC maternd Toxicity: 30 ppm (TSCATS: OTS 0516779, 1978)
Rat NOAEC Teratogenicity: 300 ppm (TSCATS: OTS 0516779, 1978)
Rat NOAEC Fetotoxicity: 30 ppm (TSCATS: OTS 0516779, 1978)

In an inhdation developmenta toxicity study with rabbits performed according to OECD Guiddine
414 (1981) Himdayan rabbits were exposed to 50, 150 and 450 ppm (about 150, 450 and 1360
mgm® ) DMF from day 7 — 19 pogt insemination for 6 hoursday (BASF, 1989, Helwig et d.,
1991).

Maternd toxicity was obsarved a 150 and 450 ppm represented by impairment of body weight gain
during the exposure period. At the highest concentration tested, clear Sgns of embryo-/ffefotoxicity
(eg. reduced fetd body weghts incressed incidence of vaiations) including teratogenicity
(increased number of maformations, especidly hernia umbilicdis) were observed.

At 150 ppm a toxic/teratogenic effect on the fetuses cannot be excluded due to an increased number
of skdetd vaidions and one hernia umhbilicdis, a mdformation that was typicaly increesed a 450

ppm.

Rabhit NOAEC materna Toxicity: 50 pom
Rabhit NOAEC Teratogenicity: 50 ppm
Rabbit NOAEC Embryo-/Fetotoxicity: 50 pom

In a devdopmentd toxicity study Sprague-Dawley rats received doses of 176, 533 and 1600 pl/kg
bw/day (about 167, 506 and 1520 mg DMF/kg bw/day) by gavage from gedtation day 6 — 15
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(Hdlwig e d., 1991; BASF, 1976 c). The study was peformed in accordance with the FDA
Guiddines (1966).

Materna toxicity occurred a the mid and the high dose in the form of a dosedependent decrease in
body weight gain during the time of substance gpplication. At both maternd toxic doses embryo-
[fetotoxicity and teratogenicity were observed.

At the low dose neither maternd toxicity nor teratogenicity occurred. The only finding was a dight
but sgnificat and dose-rdated reduction of mean placentd weight, however the number of live
fetuses and fetal weights a the low dose were comparable to the control or even higher.

Rat NOAEL maternd Toxicity (gavage): 167 mg/kg bw/day
Rat NOAEL Teratogenicity (gavage): 167 mg/kg bw/day
Rat NOAEL Embryo-/Fetotoxicity (gavaege): 167 mg/kg bwi/day

In another developmentd toxicity study with Sprague-Dawley rats, the animas receved 50, 100,
200 and 300 mg DMF/kg bw/day by gavege from gedtation day 6 — 20 (Sallenfait e d., 1997).
Maternd toxicity was observed a doses from 100 up to 300 mg/kg bw/day characterized by dose-
dependent impairment of body weight gan and food consumption. Fetotoxicity occurred dso a
these dose levels (eg. doserdated decrease in fetd body weght/litter, dose-dependent incresse in
the totd number with skeletd variations datidicaly dgnificant & 200 and 300 mgkg bw/day).
The totd number of skeletd variations was aso dightly (but not datidticaly sgnificant) increased
a 50 mg/kg bw/day, thus suggesting dight indications for fetotoxicity a this dose leve.

Teratogenicity was not observed.

Rat NOAEL materna Toxicity (gavage) : 50 mg/kg bw/day
Rat NOAEL Teratogenicity (gavage): 300 mg/kg bw/day
Rat LOAEL Embryo-/Fetotoxicty (gavage): 50 mg/kg bw/day

A devdopmentd toxicity dudy with NMRI mice recaving 193 and 580 pl of 20-30% agueous
olutions of DMFkg bw/day (about 183 and 551 mg/kg bw/day) by gavage was caried out
according to FDA Guiddines (1966). 24 pregnant femaes were treated from day 6 to 15 of
gedtation. Cesarian section took place on day 18 of gedtation (Helwig et d., 1991; BASF, 1976 d ).
Two concurrent control groups of 23 pregnant femdes/group run in pardld. Maend toxicity did
not occur a both dose leves investigated, whereas embryo-/fetotoxicity was seen in the form of
reduced fetd body weights and reduced fetd growth in both dose groups. A doseresponse
relaionship was not seen for these findings. However, the number of retardations and variaions
was increesed in both substancetrested groups and cdear Sgns of teratogenicity (datidticaly
ggnificant increase in maformations, mostly related to the head) were seen at the high dose. At the
low dose a dight but not daidicdly dgnificant increase in maformaions (mostly cleft pdate, a
very common mdformation in mice) was observed in comparison to the control group (1.63% of
the live fetuses versus 0.48% of the live control fetuses).

Mouse  NOAEL maternad Toxicity (gavage): 551 mgkg bw/day
Mouse  NOAEL Teratogenicity (gavage): 183 mg/kg bw/day
Mouse  LOAEL Embryo-/Fetotoxicity (gavage): 183 mg/kg bw/day

In a devdopmentd toxicity sudy with rabbits peformed according to FDA Guiddines (1966),
animas were tregted by gavage a dose leves of 464, 681 and 200 pl/kg bw/day (sbout 44.1, 65
and 190 mg/kg bw/day) from day 6 — 18 post insemination (BASF, 1976 e).
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Maternd toxicity was observed a the high dose where food consumption, body weight and body
weight gain were impaired and 3 dams had abortions At this dose levd dear sgns of embryo-
[fetotoxicity and teratogenicity were observed (eg. decreased placentd and fetd weights, increased
incidence of mdformed fetuses showing manly hydrocephdus internus, hernia umbilicdis and/or
ectopiaviscerdis).

In the mid dose group no materna toxicity was observed but three maformed fetuses in two litters
with hydrocepha us internus indicated a substance rel ated teratogenic effect.

At the low dose one fetus showed hydrocephdus internus, however, this incidence was in the range
of control data

Rabhit NOAEL maternd Toxicity (gavage): 65 mg/kg bw/day
Rabbit NOAEL Teratogenicity (gavage): 44.1 mg/kg bw/day
Rabbit NOAEL Embryo-/Fetotoxicity (gavage): 65 mg/kg bw/day

In a derma developmental oxicity sudy (OECD Guiddine 414, (1981)) with rabbits doses of 100,
200 and 400 mg/kg bw/day were adminigered on the shaved dorsd skin for 6 hoursday from day 6
to 18 post insemination (Hellwig et d., 1991; BASF, 1984).

A dose-dependent <kin irritation occurred in al DMF tregted animas. At the dose of 400 mg
bw/day there were if a dl, only very mild Sgns of maend toxicity, i.e a dight but datisticd
sgnificant decrease in body weight a the end of the treatment period and one dam that showed
abortion on day 21 post insemination. One dead fetus and severd mdformations (eg. hernia
umbilicdis, skdetd mdformations) were found a this dose levd. No embryo-/fetotoxic effects
were found a the low and mid dose. The 3 fetuses with maformations seen in the low dose were
regarded to be incidentd, snce no mdformations occurred in the fetuses a the mid-dose. Thus,
according to the authors, disregarding the skin reactions, the NOAEL for maternd toxicity was 200

mglkg bwiday.

Rabhit NOAEL maternd Toxicity (dermd): 200 mg/kg bw/day
Rabbit NOAEL Teratogenicity (dermal): 200 mg/kg bw/day
Rabhit NOAEL Embryo-/Fetotoxicity (dermd): 200 mg/kg bw/day
Conduson:

In various devdopmentd toxicity dudies in rats embryo-/fetotoxicity was mostly seen a materna
toxic doses/concentrations and teratogenicity was observed a materna toxic doses/concentrations
only, whereas in mice and in rabbits embryo-/fetotoxicity and/or indications for teratogenicity were
found at dose levels without maternd toxicity.

However, the rabbit gppeared to be the most sendtive species to the developmenta toxic effects of
DMF.

33 Initial Assessment for Human Health

In Germany 50,000 to 100,000 t DMF were produced in 2000 at BASF AG, Ludwigshafen. Further
producers are locaed in Begium, Korea, Japan, Spain and USA. The production volume in the EU
(induding Germany) is in the range of 50,000 to 100,000 t/a In Ada the production volume is
100,000 to 500,000 t/a and in North America it is 50,000 to 100,000 t/a DMF is predominady
used as a olvet in synthess of fine chemicas in polyacrylonitrile fibre production, polyurethane
coaing and in the dectronics indudry. The remaning is slit into various applications like
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vanishing, surface coding, polyamide coding, absorbents, cleaners and extractants. The former
ue of DMF as a solvent in crop protection agent formulations of BASF has been abandoned.
However, there is recent information from the Finnish product regiser on the use of DMF as
solvent in pesticides.

Product register information indicates that there are saverd products that contain the substance in
ggnificant amounts (up to 100 %). The product types are solvents, intermediates, pants, lacquers
and varnishes. Among the products there are some products for private use. Therefore consumer

and occupationd exposure can not be excluded. Exposure to workers during production is well
controlled in the industry of the sponsor country (Germany).

DMF is of low acute toxicity in mammals. LDx rat (ord) 3040 mgkg bw, LGCs rat (inhddive, 4 h)
> 5900 mg/m?®, L Dso rat (dermal) > 3160 mg/kg bw.

It was irritating to the eyes of rabbits but not irritating to the skin of rabbits and rats.
DMF did not show a sengtizing potentid when used asavehiclein alocd lymph node assay.

In various repesied dose toxicity dudies in rats and mice with chronic and subchronic exposure by
inhdation, or in ras trested subchronicaly by ord adminigretion, the predominant target organ was
the liver (NOAEC: chronic inhdation rat: 25 ppm, LOAEC: chronic inhdaion mouse 25 ppm (a
NOAEC was not achieved); NOAEC: subchronic inhdation rat 100 ppm, mouse 400 ppm;
NOAEL: rat, 90 days 200 ppm, 28 days about 238 mg/kg bw/day). In a 13week inhdation study
with Cynomolgus monkeys no treatment-related effects occurred (NOAEC: 500 ppm).

DMF did not induce chromosome aberrations or gene mutations in various tes systems in vivo and
in vitro. In addition, no increased tumor incidence was found in carcinogenicity sudies in rats and
mice tha were exposed from 25 up to 400 ppm DMF by inhdation for 2 years or 18 months,
repectively.

Reproductive toxicity, i.e. reduced fertility and fecundity, was observed in the presence of some
generd toxicity in a continuous breeding study in mice, when DMF was adminigered ordly in the
drinking water a doses 3 4000 ppm (appr. 820 mgkg bw/day). The maximd tolerated dose (MTD)
for generdized toxicity was 1000 ppm (gppr. 219 mg/kg bw/day) for the FO and the F1 generation,
thus a sysemic NOAEL could na be determined. Developmentd toxicity (eg. reduced surviva
and growth of pups increese in craniofecid and dernebrd maformations) was observed in both
off-goring generations at 3 4000 ppm. Reduced F2 pup weight was observed a 3 1000 ppm.

(NOAEL FQO F1 fertility: 1000 ppm; NOAEL, F1 developmenta toxicity 1000 ppm; LOAEL, F2
developmentd toxicity: 1000 ppm).

Devedopmentd toxicity and teratogenicity occurred in rats and rabbits in various sudies (inhaétion,
od or demd adminidration) and in mice (ora adminidration). In rats embryo-/ffefotoxicity and
teratogenicity were mogly seen a maernd toxic doses, wheress in mice and in rabbits embryo-
[fetotoxicity and teratogenicity occurred dso a dose levels without maternd toxicity. However, the
rabbit gppeared to be the most sengtive species to the developmentd toxic effects of DMF.

(Rabbit: NOAEC (inhdative) maternd toxicity and teratogenicity as wel as embryo-/fetotoxicity
50 ppm; NOAEL (ord, gavage) maternad toxicity and embryo-/fetotoxicty 65 mgkg bwi/day,
teratogenicity 44.1 mg/kg bw/day; NOAEL (derma) maternd toxicity and teratogenicity as well as
embryo-/fetotoxicity 200 mg/kg bw/day).

With respect to the metabolism of DMF the following concluson can be dravn: DMF is readily
absorbed via dl exposure routes. N-hydroxymethyFN-methylformamide is the man urinary
metabolite and to a minor extent, but with greater toxicologicd relevance the metabolite mono-N-
methylformamide (MMF) occurs which may partidly be conjugated to glutathioneforming
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S-methylcarbamoylglutathione. The GSH- and its sequel adducts (S-methylcarbamoylcystein and
the corresponding mercapturic acid  S-methylcarbamoyl-N-acetyl-cysteine) seem to be responsble
for developmentd toxic effects.

At higher dosess, DMF inhibits i own metabolism, i.e the formyloxidaion to MMF which
precurses the GSH binding.

Persons who repeatedly inhaded DMF excreted the mercapturic acid at levels of ~13% of the dose
with atotd hdf-life (i.e. DMF biotransformation and excretion) of 23 hours.

Ethanol and probably the metabolite acetadehyde inhibit the breskdown of DMF and conversdy,
DMF inhibits the metabolism of ehanol and acetddehyde. Furthermore, ethanol  induces
cytochrome P450 2E1 which fadlitates the initid hydroxylation of DMF. Thus, exposure to DMF
can cause a avere dcohol intolerance.
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4 HAZARDSTO THE ENVIRONMENT

4.1 Aquatic Effects
Acute Toxicity Test Results

In the following a sdlection of results from acute aquatic toxicity tests relevant to risk assessment is
summarized:

Fish

The acute toxicity of DMF to three fresh water fish species ranges from EC/LC50(96h) = 7100—
10600mg/l. The tedts were peformed applying the USEPA test protocol EPA-660/3-75-009
(1975) under flow-through conditions with andyticd monitoring of the DMF concentration.

Lepomis macrochirus turned out to be the most sendtive species, showing a LC50(96h) = 7100
mg/l (Poirier et d., 1986).

Toxicity data from TSCATS (1971, 1974) were not teken into condderation, because mixtures
containing DMF were tested. Specific effects solely related to DMF cannot be derived from these
results. Due to insufficient documentation or secondary quotation results from TSCATS (1976) and
Cardwell cited in Poirier, SH. et d. (1986) were dso not taken into account.

Invertebrates

The reported acute toxicity of DMF to Daphnia magna ranges from EC50(48h) >100— 15700 mg/l.
Additionad invedigations on the freshwaer crayfish Orconectes immunis result in NOEC(24h) =

3680 mg/l (Phipps and Holcombe, 1985).

Summarising, with EC50(48h) > 100 mg/l the study of BASF (1992) on acute toxicity to Daphnia
magna following the OECD 202 test protocol represents for forma ressons the lowest vdid EC50
vaue However, as this was only a limit tes and dso the longterm toxicity of DMF to dgphnids is
much higher than 100 mg/l, the vaue of 15700 mg/l is used for the hazard assessment because this
vaueisfrom the mogt religble test.

Algae

There is only one rdiable sudy avalable on toxicity to unicdlular green dgee. The acute toxicity
to Scenedesmus subspicatus was determined according to DIN 38412 (part 9) test protocol resulting
in EC10 and EC50 (96h) > 1000 mg/l rdaed to both inhibition of biomass and growth rate (BASF,
1988). In a longterm test with Selenastrum capricornutum a NOEC (14d) of 470 mg/l was found
(Hughes and Vilkas, 1983). However, this test is not used for the hazard assessment as the dgee
growth was not longer in the exponentid phase a test end and a the highest test concentration an
increasein dga growth was found.

Chronic Toxicity Test Results

In a two-generation study with Pimephaes promdas a MATC of 5 - 11 mg/l was found for the
endpoint devdopment of F1 generdtion (data presented by the Environ. Res. Laboratory-Duluth,
USA). However, this value cannot be used for the hazard assessment, as the sudy is only avalable
as draft with handwritten corrections. The report provided limited information which was not
aufficient to evduate the associated study. According to information from USEPA the study was
never findized. Therefore, avalidation was not possble.

2 UNEP PUBLICATIONS



OECD SIDS DIMETHYLFORMAMIDE

Chronic toxicity of DMF to Daphnia magna was investigated by LeBlanc and Surprenant (1983)
yidding a MATC(28d) = 1200 — 2500 /I (1140 — 2375 mgl). MATC is defined in this
invedigation as the maximum acceptable toxic concentration, which did not adversdy affect
survivd or reproduction during chronic exposure. Adams and Heidolph (1985) determined a GM-
MATC = 2121 mg/l after 21d exposure of Daphnia magna to DMF (GM-MATC gands for
geomeric mean of the highest concentration producing no dggnificant effects and the lowest
concentration producing a datisticaly sgnificant effect). According to the EU TGD a NOEC can
be deived from this vdue by dividing it by v2. Therefore a NOEC of about 1500 mg/l is
determined. This vdueisin the same order of magnitude with the MATC derived by LeBlanc et al.

A PNECagua of 228 mg/l can be derived from the lowest NOEC (1140 mg/l) found in a
reproduction test with Dgphnia magna and usng an assessment factor of 50. This factor is chosen
because longterm tests with species representing two different trophic levels ae avaldble
(daphnids and agee).

Toxicity to Microorganiams

Curttis e d. (1982) dudied the inhibition of the bioluminescence of the maine becterium
Photobacterium phosphoreum in presence of DMF (EC50/5min = 20000 mg/l).

42 Terrestrial Effects

The impact of DMF on colony growth of three different fungi (Pythium ultimum, Sclerotinia
homeocarpa, Pestalotia sp.) were investigated by measuring the growth of colonies after control
growth reached a diameter of 50 — 70 mm (Stratton, 1985).

ECsp = 051 — 108 viv (4794 — 10152 mg/l). This sudy is not rdlevant for an environmenta hazard
assessment. No PNECsoil can be derived from this study.

43 Initial Assessment for the Environment

Rdeasss into the environment may occur during production of DMF and during its use eg. as
solvent, cleaning agent. In 1991 the maximum annud releese of DMF into the hydrosphere from
production and processng in pre-unification Germany was edimaed to 352 t. Approximatey 9000
t/a were emitted into the atmosphere. More recent data about environmentd releases are not
available. Releases into the terrestrial compartment may occur from use of DMF as solvent in plant
protection products. However, this release is not quantifigble.

From the phydscochemicd propetties of DMF the hydrosphere was identified as target
compatment. DMF is cdasdfied as reaedily biodegradable. In agueous solution the substance
photolyses with a hdf-life of 50 days. Hydrolyss is not expected to occur under environmenta

conditions. In the atmosphere DMF is expected to be indirectly photodegraded with a hdf life of 2
hours.

The log Kow of —0.85 does not indicate a potentid for bio- or gecaccumulation. Also in dudies
with fish no bicaccumulation was found.

In short term tests with fish, daphnids and dgae DMF showed a acute toxicity EC/LC50 >100 mg/l.
Hence DMF is not regarded as hamful to aguatic organisms. In the following the lowest vdid
EC/LC50 data of different aquatic species are summarized:

Lepomis macrochirus: LC50(96h) = 7200 mg/l
Daphnia magna: EC50(48h) > 100 mg/l; EC50 (48h) = 15700 mg/l
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Scenedesmus subspicatus EC10 and EC50(96h) > 1000 mg/l (biomass and growth rate)

Long term reproduction studies with Daphnia magna resulted in NOECs of 1140 mg/l (28 days)
and 1500 mg/l (21 d)
A PNECagua of 22.8 mg/l was derived from the lowest NOEC (1140 mg/l) usng an assessment

factor of 50. This factor was chosen because longterm tests with species representing two different
trophic levels are available (daphnids and dgee).
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5 RECOMMENDATIONS

Human Health: The chemicd is a candidate for further work. In occupaiond settings where
exposure is not controlled, and due to information from European product regiders, exposures
cannot be excluded. As the extent of occupational and consumer exposure cannot be estimated and
the substance is a developmental toxicant, a human exposure assessment, and, if then indicaed, a
risk assessment should be performed.

Environment: Concerning the aguatic compartment, DMF is of low concern due to the low toxicity
to aguatic organiams, the low bicaccumulation potentid and the dassficaion as  readily
biodegradable. However, high reeases of DMF into the amosphere are described in the BUA
report from 1991. Although the substance has a hdf-life in the amosphere of 2 hours, these very
high emissons may pose a locd problem in the vicnity of point sources In addition, rdesses into
the soil result from the use of the substance in plant protection products. Therefore, exposure data
gathering should be peformed. Depending on the exposure information further information on
toxicity to terrestrid organisms may be required, e.g. a plant fumigation test.
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lUCLIDDA AQata Set

Exi sting Chem cal | D: 68-12-2

CAS No. 68-12-2

El NECS Nane N, N- di et hyl f or mam de
EC No. 200-679-5

Mol ecul ar For nul a C3H7NO

Pr oducer Rel ated Part

Conpany: BASF AG

Creation date: 12- NOV-1992
Subst ance Rel ated Par't

Conpany: BASF AG

Creation date: 12- NOV- 1992
Meno: mast er
Printing date: 28- MAY- 2003

Revi si on dat e:
Date of |ast Update: 28- MAY- 2003

Number of Pages: 238

Chapter (profile): Chapter: 1, 2, 3, 4, 5, 6, 7, 8, 10
Reliability (profile): Reliability: without reliability, 1, 2, 3, 4
Fl ags (profile): Fl ags: without flag, SIDS
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1. GENERAL INFORMATION

DATE: 28-MAY-2003

SUBSTANCE ID: 68-12-2

1.0.1 Applicant and Company Information

Type:
Nane:

Cont act Per son:

Street:
Town:
Country:
Phone:
Tel ef ax:
Emai | :
Homepage:

Fl ag:
22- MAY- 2003

Type:
Name:
Country:

Fl ag:
12- MAY- 2003

Type:
Nane:
Country:

Fl ag:
12- MAY- 2003

Type:
Nane:
Country:

Fl ag:
12- MAY- 2003

Type:
Nane:
Country:

Fl ag:
12- MAY- 2003

Type:
Nane:
Country:

| ead organisation

BASF AG

Product Safety Dat e:
c/o Dr. Hubert Lendle
GUP/ CL - Z570
Carl-Bosch-Str

67056 Ludw gshafen

Ger many

+49 621 60 44712

+49 621 60 51734

hubert .| endl e@asf- ag. de
www. basf. com

Critical study for SIDS endpoi nt
cooper ati ng conpany

Air Products and Chem cals, Inc.
United States

Critical study for SIDS endpoi nt
cooper ati ng conpany

Cel anese

United States

Critical study for SIDS endpoi nt
cooperati ng conpany

DuPont

United States

Critical study for SIDS endpoi nt
cooperati ng conmpany

Ertisa S. A

Spai n

Critical study for SIDS endpoi nt
cooperati ng conpany

M t subi shi Gas Chem cal Conpany,
Japan

I NC.
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1. GENERAL INFORMATION DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003

Type: cooperati ng conpany

Narme: M t subi shi Rayon Co., LTD.
Country: Japan

Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003

Type: cooper ati ng conmpany

Name: Sanmsung Fi ne Chem cals Co. Ltd.
Country: ot her: Korea

Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003

Type: cooperati ng conpany

Name: UCB SA/ NV

Country: Bel gi um

Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003

1.0.2 L ocation of Production Site, Importer or Formulator

1.0.3 Identity of Recipients

1.0.4 Details on Category/Template

1.1.0 Substance | dentification

Mol . For nul a: C3 H7 NO

Mol . Wi ght : 73.09 g/ nol

Fl ag: non confidential, Critical study for SIDS
endpoi nt

27- JUN- 2002

1.1.1 General Substance | nfor mation

Purity type: typical for marketed substance
Subst ance type: organic

Physi cal status: [|iquid

Purity: >= 99.9 - %ww

Col our: col ourl ess

Odour : faint specific odour am ne-like
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1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag:

27- JUN- 2002

1.1.2 Spectra

non confidential, Critica
endpoi nt

1.2 Synonyms and Tradenames

Di nmet hyl f ormam d

Fl ag:

02- DEG- 1992

Di met hyl f or mani de

Fl ag:

02- DEGC 1992
DIVF

Fl ag:

02- DEC- 1992
DMF (am de)
Fl ag:

02- DEC- 1992
DMFA

Fl ag:

02- DEG 1992
For mam de,
Fl ag:

02- DEG 1992

non confidential, Critica
endpoi nt

non confidential, Critica
endpoi nt

non confidential, Critica
endpoi nt

non confidential, Critica
endpoi nt

non confidential, Critical
endpoi nt

N, N di met hyl - (8Cl, 9Cl)

non confidential, Critica
endpoi nt

N, N- Di met hyl f or manm de

st udy

st udy

st udy

st udy

st udy

st udy

st udy

for

for

for

for

for

for

for

SI DS

SI DS

SI DS

SI DS

SI DS

SI DS

SI DS

(1)
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1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag:

02- DEG 1992

non confidential, Critical study for SIDS
endpoi nt

N, N- Di met hyl met hanam de

Fl ag:

02- DEGC- 1992

non confidential, Critical study for SIDS
endpoi nt

N- For nyl di met hyl am ne

Fl ag:

02- DEG- 1992

1.3 Impurities

Purity type:
CAS- No:

EC- No:

El NECS- Nane:
Mol . For mul a:
Cont ent s:

Fl ag:

12- MAY- 2003
Purity type:
CAS- No:

EC- No:

El NECS- Nane:
Mol . For mul a:
Cont ent s:

Fl ag:

12- MAY- 2003

1.4 Additives

1.5 Total Quantity
Quantity:

non confidential, Critical study for SIDS
endpoi nt

typical for marketed substance
67-56-1

200-659-6

nmet hanol

CH4 O

<= .005 - %ww

non confidential, Critical study for SIDS
endpoi nt

typical for marketed substance
124-40-3

204-697-4

di met hyl am ne, in aqueous sol ution
C2 H7 N

< .001 - %ww

non confidential, Critical study for SIDS
endpoi nt

10000 - 50000 tonnes produced in 1999
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1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Renmar k:

Fl ag:

12- MAY- 2003

1.6.1 L abelling

Label I'i ng:
Synbol s:
Not a:

Specific limts:

R- Phr ases:

S- Phr ases:

Renmar k:
Fl ag:

01- JUL- 2002

1.6.2 Classification

Cl assified:

Cl ass of danger:

R- Phr ases:

Remar k:
Fl ag:
01- JUL-2002

Cl assified:

Cl ass of danger:

R- Phr ases:

Renmar k:

Production volume refers to BASF production in
Ludwi gshaf en

( Ger many)

non confidenti al

endpoi nt

Critical study for SIDS

as in Directive 67/548/ EEC

(T) toxic

(E) For substances ascribed Nota E the risk
phrases R20, R22 to R28 and all conbinations of
these risk phrases shall be preceded by the
word "also'. E. g R23 "also' toxic by inhalation

no

(61) My cause harmto the unborn child

(20/21) Harnful by inhalation and in contact
wi th skin

(36) Irritating to eyes

(53) Avoid exposure - obtain special
instructions before use

(45) In case of accident or if you feel unwell,
seek medical advice imediately (show the
| abel where possible)

| NDEX- No. 616- 001-00- X

non confidential, Critical study for SIDS

endpoi nt

(2)

as in Directive 67/548/ EEC

har nt ul

(20/21) Harnful by inhalation and in contact
with skin

| NDEX- No. 616- 001-00- X

non confidential, Critical study for SIDS

endpoi nt

(2)
as in Directive 67/548/ EEC
irritating
(36) Irritating to eyes

| NDEX- No. 616- 001-00-X
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OECD SIDS

DIMETHYI FORMAMIDE

1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag:
01- JUL- 2002

Cl assified:

Cl ass of danger:

R- Phr ases:

Remar k:
Fl ag:

01- JUL-2002

1.6.3 Packaqging

1.7 Use Pattern

non confidential, Critical study for SIDS
endpoi nt

(2)
as in Directive 67/548/ EEC
toxic for reproduction, category 2
(61) My cause harmto the unborn child
| NDEX- No. 616- 001-00- X
non confidential, Critical study for SIDS
endpoi nt

(2)

Type: type

Cat egory: Non di spersive use

Fl ag: non confidential, Critical study for SIDS
endpoi nt

16- FEB- 1994

Type: i ndustri al

Cat egory: Basi c industry: basic chemi cals

Fl ag: non confidential, Critical study for SIDS
endpoi nt

16- FEB- 1994

Type: i ndustri al

Cat egory: El ectrical /el ectroni c engi neering industry

Fl ag: non confidential, Critical study for SIDS
endpoi nt

16- FEB- 1994

Type: i ndustri al

Cat egory: Leat her processing industry

Fl ag: non confidential, Critical study for SIDS
endpoi nt

16- FEB- 1994

Type: i ndustri al

Cat egory: Pai nts, l|acquers and varni shes industry
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OECD SIDS

DIMETHYI FORMAMIDE

1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag:
11- JUL- 2002

Type:
Cat egory:

Fl ag:

16- FEB- 1994

non confidential, Critical study for SIDS
endpoi nt

use
Sol vents

non confidential, Critical study for SIDS
endpoi nt

1.7.1 Detailed Use Pattern

1.7.2 Methods of Manufacture

1.8 Regulatory M easur es

1.8.1 Occupational Exposure L imit Values

Type of limt:
Limt val ue:

Country:
Remar k:

Fl ag:
23- MAY- 2003

Type of limt:
Limt val ue:

Country:
Fl ag:

12- MAY- 2003

Type of limt:
Limt val ue:

Country:
Rermar k:

Fl ag:

12- MAY- 2003

BAT (DE)
15 other: ng/l

Ger many

testing material: urine

time of sanpling: end of exposure

non confidential, Critical study for SIDS
endpoi nt

(3)

MAK ( DE)
10 i/ nB

Ger many
non confidential, Critical study for SIDS
endpoi nt

(4)

MAK ( DE)
30 g/ n8

Ger many
absorbable to the skin

exceedi ng factor: 4
non confidential, Critical study for SIDS

endpoi nt

(4)

1.8.2 Acceptable Residues L evels
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OECD SIDS

DIMETHYI FORMAMIDE

1. GENERAL INFORMATION

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

1.8.3 Water Pollution

Cl assified by:
Label | ed by:

ot her:
ot her:

VWWWS (Ger many) of 17.05.1999, Annex 2
VWWWS (Ger many) of 17.05.1999, Annex 2

Cl ass of danger: 1 (weakly water polluting)

Country: Ger many

Remar k: | D- Nunber: 83

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (5)

1.8.4 M ajor Accident Hazards

1.8.5 Air Pallution

1.86Listingse.q. Chemical Inventories

Type: El NECS

Additional Info: EINECS No. 200-679-5

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: ENCS

Addi tional Info: ENCS No. 2-680

Remar k: ENCS CLASSI FI CATI ON
Low Mol ecul ar Chain-1i ke Organi c Conmpounds.

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: ECL

Additional Info: ECL Serial No. KE-11411

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: ot her: SW SS

Additional Info: SWSS No. G- 1559

Remar k: SW SS CLASSI FI CATI ON:
Gftliste 1 (List of Toxic Substances 1), 31 My
1999.
Toxi c Category 3: Acute oral |ethal dose of 50 —
500 nmg/ kg.
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OECD SIDS DIMETHYI FORMAMIDE

1. GENERAL INFORMATION DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Fl ag: non confidential, Critical study for SIDS
endpoi nt
12- MAY- 2003 (6)
Type: ot her: TAIWAN
Addi tional Info: TAI'WAN No. 98-01
Remar k: TAI WAN CLASSI FI CATI ON
This is a Class Il toxic chem cal. Regulated

Threshol d quantity is 50 Kg. M nimum contr ol
level is 1 wwh

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: TSCA

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: DSL

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: Al CS

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

Type: Pl CCS

Fl ag: non confidential, Critical study for SIDS
endpoi nt

12- MAY- 2003 (6)

1.9.1 Degradation/Transformation Products

1.9.2 Components

1.10 Source of Exposure

1.11 Additional Remarks
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OECD SIDS

DIMETHYI FORMAMIDE

1. GENERAL INFORMATION

DATE: 28-MAY-2003

SUBSTANCE ID: 68-12-2

1.12 1 ast Literature Search

Type of Search: I nternal and External

Chapters covered: 5.10

Dat e of Search: 06- NOV- 2002

06- FEB- 2003

Type of Search: I nternal and External

Dat e of Search: 18- JUL- 2001

Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003

1.13 Reviews

Meno: BUA report No.: 84 of 1991

Fl ag: Critical study for SIDS endpoi nt
20- JUL- 2001

Meno: | PCS Environnental Health Criteria 114 of 1991
25- MAR- 2003
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OECD SIDS DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

2.1 Melting Point

Val ue: = -61 degree C
Remar k: Key study selected for robust summuary
Reliability: (4) not assignable
Secondary quotation
Fl ag: Critical study for SIDS endpoi nt
19- JUN- 2001 (7)
Val ue: = -61 degree C
Reliability: (4) not assignable
Handbook
27- NOV- 2000 (8)
Val ue: = -60.5 degree C
Reliability: (4) not assignable
Secondary quotation
28- NOV- 2000 (9)

2.2 Boiling Point

Val ue: = 152 - 153 degree C
Reliability: (4) not assignable

Handbook
27- NOV- 2000 (8)
Val ue: = 152.5 - 153.5 degree C
Remar k: Key study sel ected for robust sumary
Reliability: (4) not assignable

Secondary quotation
Fl ag: Critical study for SIDS endpoi nt
30- JUL-2001 (7)
Val ue: = 153 degree C
Reliability: (4) not assignable

Secondary quotation
28- NOV- 2000 (9)
2.3 Density
Val ue: = .94 g/cn® at 20 degree C
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OECD SIDS

DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Reliability: (4) not assignable
Manuf act ur er/ producer data w thout proof
05- MAY- 2000 (10)
Type: density
Val ue: = .95 g/cn? at 20 degree C
Remar k: Key study selected for robust sunmary
Reliability: (4) not assignable
Secondary quotation
Fl ag: Critical study for SIDS endpoint
12- MAY- 2003 (7)
Val ue: = .9445 g/cn? at 25 degree C
Reliability: (4) not assignable
Secondary quotation
18- JUN 2001 (11)
Val ue: = .9445 g/cn? at 25 degree C
Reliability: (4) not assignable
Secondary quotati on
18- JUN- 2001 (9)
Val ue: = .95
Remar k: sp.gr.
Reliability: (4) not assignable
Handbook
18- JUN- 2001 (8)
2.3.1 Granulometry
2.4 Vapour Pressure
Val ue: = 3.5 hPa at 20 degree C
Remar k: = 4.8 hPa at 25 °C
= 34.6 hPa at 60 °C
Key study sel ected for robust sumary
Reliability: (4) not assignable
Secondary quotation
Fl ag: Critical study for SIDS endpoi nt
18- JUN 2001 (9)
Val ue: = 3.6 hPa at 20 degree C
Reliability: (4) not assignable
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OECD SIDS

DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

27- NOV- 2000
Val ue:
Reliability:

19- JUN- 2001

2.5 Partition Coefficient

Partiti on Coeff.:

| og Pow.
Met hod:
Remar k:
Rel i ability:

Fl ag:
12- MAY- 2003

| og Pow.

Met hod:

Reliability:

28- NOV- 2000
| og Pow.
Met hod:
Reliability:
27- NOV- 2000
| og Pow.

Rermar k:
Reliability:

28- NOV- 2000

| og Pow.

Handbook

(8)
= 3.77 hPa at 20 degree C
(4) not assignable
Manuf act urer/ producer data w thout proof

(10)

oct anol - wat er
= -.85 at 25 degree C
ot her (neasured): GC
| og Pow. nmean value of three measurenents
Key study sel ected for robust sumary
(2) wvalid with restrictions
Scientifically acceptabl e study
Critical study for SIDS endpoi nt

(12)

= -1.028

ot her (calculated): Increment nmethod by Rekker
with conputer programrme of firm ConpuDrug Ltd.

(2) valid with restrictions
Cal cul ated value in accordance with generally
accept ed standard net hods

(13)

= -1.01
ot her (nmeasured)

(2) valid with restrictions
Scientifically verified data
(14) (15) (1e6)

= -.89

n- Oct anol /water partition coefficient = 0.13
(4) not assignable
Secondary quotation

(9)
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OECD SIDS

DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Resul t:
Reliability:
19- JUL- 2001

| og Pow -0.87/-0.59 (cal cul at ed)
(4) not assignable
Handbook

(8)

2.6.1 Solubility in different media

Solubility in:
Descr.:

Remar k:
Reliability:
Fl ag:

12- MAY- 2003

Solubility in:
Val ue:

pH val ue:
Conc. :

Descr.:

Reliability:

Fl ag:

12- MAY- 2003

Descr. :

Met hod:

Reliability:

18- JUN- 2001

Descr. :

Reliability:

28- NOV- 2000

2.6.2 Surface Tension

Wat er
m sci bl e

Key study sel ected for robust sumary
(4) not assignable

Secondary quotation

Critical study for SIDS endpoint

(7)

Wat er

at 20 degree C

7

200 g/l at 20 degree C
m sci bl e

(4) not assignable
Manuf act ur er/ producer data w thout proof
Critical study for SIDS endpoi nt

(10)

m sci bl e
ot her: neasured

(4) not assignable
Abstracts
(17)

m sci bl e

(4) not assignable
Secondary quotation

(9)

Val ue: = 35.2 nN/ mat 25 degree C
Remar k: Key study selected for robust sunmary
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OECD SIDS

DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Resul t:
Reliability:

Fl ag:
19- JUN- 2001

Val ue:
Reliability:

27- NOV- 2000

2.7 Flash Point

Val ue:
Type:

Met hod:

Renmar k:

Test subst ance:

Reliability:
Fl ag:
19- JUL- 2001

Val ue:
Type:

Met hod:

Reliability:

30- JUL- 2001

Val ue:
Type:

Met hod:
Reliability:
27- NOV- 2000

Val ue:
Type:

Oiginal data: 35.2 dyn/cmat 25 °C
(4) not assignable

Secondary quotation
Critical study for SIDS endpoi nt
(18)

= 35.5 m\Y mat 20 degree C

(4) not assignable
Secondary quotation

(7)

= 57.5 degree C
cl osed cup

other: DIN 51 755

Key study selected for robust summary

N, N- di net hyl f or mam de pure

(2) wvalid with restrictions

Nat i onal standard nethod wi thout detailed

docunent ati on
Critical study for SIDS endpoi nt

(19)

= 58 degree C
cl osed cup

other: DIN 51 755

(4) not assignable
Nati onal standard net hod wi thout detail ed
document ati on

(10)

= 58 degree C
cl osed cup

other: DIN 51 755

(4) not assignable
Secondary quotation

(7)

= 58 degree C
cl osed cup
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OECD SIDS

DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA

DATE: 28-MAY-2003

SUBSTANCE ID: 68-12-2

Reliability: (4) not assignable
Secondary quotation
28- NOV- 2000 (9)
2.8 Auto Flammability
Val ue: = 410 degree C
Met hod: other: DIN 51 794
Remar k: Ignition tenperature
Reliability: (4) not assignable
Secondary quotation
28- NOV- 2000 (7
Val ue: = 435 degree C
Met hod: other: DIN 51 794
Remar k: Key study selected for robust summary
Test substance: N, N- di net hyl f or mam de pure
Reliability: (1) valid without restriction
Nati onal standard specification
Fl ag: Critical study for SIDS endpoi nt
18- JUN- 2001 (19)
Val ue: = 445 degree C
Remar k: Aut o-ignition tenperature
Reliability: (4) not assignable
Secondary quotation
28- NOV- 2000 (9)
2.9 Flammability
2.10 Explosive Properties
Resul t: not expl osive
Remar k: because of chem cal structure
Key study selected for robust summary
Reliability: (2) wvalid with restrictions
Expert judgnent
Fl ag: Critical study for SIDS endpoi nt
19- JUN 2001 (20)
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OECD SIDS DIMETHYI FORMAMIDE

2. PHYSICO-CHEMICAL DATA DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

2.11 Oxidizing Properties

Resul t: no oxi di zing properties
Remar k: because of chem cal structure
Key study selected for robust sunmary
Reliability: (2) valid with restrictions
Expert judgnent
Fl ag: Critical study for SIDS endpoint
19- JUN- 2001 (20)

2.12 Dissociation Constant

2.13 Viscosity
Test type: ot her
Val ue: .87 nmPa s (dynamic) at 15 degree C
Reliability: (2) valid with restrictions
Secondary quotation
Fl ag: Critical study for SIDS endpoi nt
12- MAY- 2003 (7)

2.14 Additional Remarks

Remar k: Dangerous reactions when m xed with nitrate and
Strong oxi di zi ng agents. Dangerous reactions
when mi xed with hal ogenated hydrocarbons in the
presence of certain nmetals, particularly at
el evated tenperatures. Key study selected for
robust summary

Reliability: (4) not assignable
Manuf act urer/ producer data w t hout proof
Fl ag: Critical study for SIDS endpoi nt
19- JUN- 2001 (10)
Remar k: explosive limts in air: 2.2 - 16 vol %
Reliability: (4) not assignable
Secondary quotation
Fl ag: Critical study for SIDS endpoi nt
27- NOV- 2000 (7)
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OECD SIDS DIMETHY1 FORMAMIDE

3. ENVIRONMENTAL FATE AND PATHWAYS DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

3.1.1 Photodegradation

Type: air
| NDI RECT PHOTOLYSI S
Sensitizer: OH

Conc. of sens.: 500000 nol ecul e/ cn?
Rat e constant: . 00000000021 cn#/ (ol ecul e * sec)

Degr adat i on: 50 % after 2 hour(s)
Met hod: ot her (cal culated): according to Atkinson
Reliability: (2) wvalid with restrictions
Accepted cal cul ati on nmet hod
Fl ag: Critical study for SIDS endpoi nt
22- MAY- 2003 (21) (22)
Type: wat er
I NDI RECT PHOTOLYSI S
Sensiti zer: OH
Degr adati on: = 50 % after 50 day(s)
Resul t: Conc. of Sensitizer: 1*107-16 nmol /| ;
Rate Constant: (1.7 +/- 0.3)*107”9 |/ nol *sec
Test condition: pH = 5.5, concentration of test substance 5 —
100 mmol /|
Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable
Fl ag: Critical study for SIDS endpoi nt
22- MAY- 2003 (23) (24)

3.1.2 Stability in Water

Met hod: ot her

Resul t: Hydrol ysis of DMF is not expected in the
envi ronnent .

Fl ag: Critical study for SIDS endpoint

22- MAY- 2003

(22)

3.1.3 Stability in Sail

20 UNEP PUBLICATIONS



OECD SIDS DIMETHY1 FORMAMIDE

3. ENVIRONMENTAL FATE AND PATHWAYS DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

3.2.1 Monitoring Data (Environment)

Medi um air
Remar k: concentration: nd-14 ug/n8 (1 |location, 4
sanpl es)
03- FEB- 1997 (25)
Type of measurenent: other
Medi um ot her: industrial wastewater
Remar k: USA, industrial wastewater: <10 ug/| detected
using GC- MS anal ysi s.
24- JUN- 2002 (26)
Type of measurenent: other
Medi um sedi nment
Remar k: Japan, detection in sedinment: <100 ng/kg.
24- JUN- 2002 (27)
Type of measurenent: other
Medi um surface water
Remar k: Japan, detection in surface water: <10 ug/l.
24- JUN- 2002 (27)

3.2.2 Field Studies

3.3.1 Transport between Environmental Compartments

Type: adsor ption

Medi a: water - soil

Met hod: ot her

Resul t: No experinments have been carried out on the
mobility of DMF in soil. Fromthe partition

coefficient for octanol/water, soil-sorption
coefficient, Koc, can be cal cul ated from
various correlations for various contents of
organi c carbon(TDG, p. 539: Nonhydrophobics,

| ogKoc = 0.52 | ogKow + 1.02).

The maxi mum val ue for the coefficients is | ower
than 10, a value which corresponds to very
slight soil sorption.

Reliability: (2) valid with restrictions
Accepted cal cul ati on nmet hods
Fl ag: Critical study for SIDS endpoint
22- MAY- 2003 (22) (28) (29
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OECD SIDS

DIMETHY1 FORMAMIDE

3. ENVIRONMENTAL FATE AND PATHWAYS

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Type:
Medi a:
Met hod:

Resul t:

Reliability:

Fl ag:
25- JUN- 2002

3.3.2 Distribution

Medi a:
Met hod:

Met hod:

Renmar k:

Resul t:
Reliability:

Fl ag:
22- MAY- 2003

volatility
water - air
ot her

DMF is infinitely mscible with water and its
vapour pressure is |lower than that of water. It
can be assunmed that DMF shows very little
tendency to evaporate from aqueous sol ution.
Taft et al. determ ned the equilibrium constant
experinentally at 25 °C to be log Keq = -5.52.
Substitution into the equation, H=H * RT
yields a Henry's constant of H = 7.47*10E-5
hPa* n3/ nol .
(2) valid with restrictions
Accepted cal cul ati on net hod
Critical study for SIDS endpoi nt

(22) (30)

air - biota - sedinment(s) - soil - water
Cal cul ati on accordi ng Mackay, Level |

Fugaci ty- Based Environnental Equilibrium
Partitioning Moddel,V2.11, Environnmental
Model ling Centre, Trent University Ontari o,
Canada (1999)

| nput Dat a

Mol ecul ar Mass: 739/ nol
Tenper at ur e: 25°C

| og Kow: -0.85

Wat er solubility: 9. 4E+05 g/ nB
Vapor pressure: 480 Pa
Mel ting Point: -61°C
water: 98.7 % air: 1.3 %
(2) valid with restrictions
Accepted cal cul ati on nmet hod
Critical study for SIDS endpoi nt
(31)

3.4 Mode of Degradation in Actual Use

3.5 Biodegradation

Type: aer obi c

| nocul um activated sludge, donestic, non-adapted
Met hod: ot her: Respironetric test
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OECD SIDS

DIMETHY1 FORMAMIDE

3. ENVIRONMENTAL FATE AND PATHWAYS

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

Resul t:

Reliability:

Fl ag:
22- MAY- 2003

Type:
| nocul um
Concentration:

Test substance:

Renar k:
Resul t:

Reliability:

Fl ag:
22- MAY- 2003

Type:
Concentrati on:

Met hod:

Test substance:

Resul t:

as prescribed by 1.1 - 1.4

Vari ous concentrations of DMF (80-440 no/l) were
Exposed under constant stirring to adapted and
not adapted nunicipal waste water for at nost 10
days at 20 °C. During exposure the bacteri al
oxygen consunmpti on was neasured once a day.
The nutrient nmedi umwas suppl emented with yeast
extract or glucose. Under these conditions using
not adapted waste water, DMF was bi odegraded to
90 %within at nost 9 days related to the
t heoretical oxygen uptake (BOD/ ThOD)
(2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable
Critical study for SIDS endpoi nt

(32)

aer obi c
ot her: River water
30 nmg/| related to Test substance

no data

Pri mary degradati on of DWF was anal ysed by GC
To determ ne the biodegradability under
environnmental conditions, 30 ng/| DMF was
treated with not acclimted river water. After
passi ng through a | ag phase of app. 2 days, DM
was conpl etely biodegraded within 6 days at a
rate of 0.55 ng/l *h.

(2) valid with restrictions

Test procedure not in accordance with defined
nmet hods, but data are conprehensi bl e and
scientifically acceptable.

Critical study for SIDS endpoi nt

(32)

aer obi ¢
70 my/ |

ot her: Sewage Treatnent Sinul ations Test
no data

In this continuous sewage treatnment simulation
test, synthetic waste water containing 0.6 g/l

neat extract (BOD5 = 360 ng/l O2) was used as
i nfluent spiked with 70 nmg/| DM.
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OECD SIDS DIMETHY1 FORMAMIDE

3. ENVIRONMENTAL FATE AND PATHWAYS DATE: 28-MAY -2003

SUBSTANCE ID: 68-12-2

After 35 days of acclimtion DMF was nearly
Conpl etely renoved fromthe waste water. The nean
retention tinme of the water in the aeration
chanmber was about 4 hours.

Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable
Fl ag: Critical study for SIDS endpoi nt
22- MAY- 2003 (32)
Type: aer obi ¢
| nocul um activated sl udge
Concentrati on: 100 mg/ |1 related to Test substance
Degr adati on: = 4.4 %after 14 day(s)
Test substance: no data
Met hod: The gui deline corresponds to 301 C, Ready
Bi odegradability:
Modi fied MTI-(1)-Test
Test condition: Concentration of sludge: 30 ng/l
Reliability: (1) wvalid without restriction
Gui del i ne study
Fl ag: Critical study for SIDS endpoi nt
22- MAY- 2003 (33)
Type: aer obi ¢
| nocul um donesti c sewage, non-adapted

Concentration:

20 mg/|l related to DOC (Dissolved Organic
Car bon)

Degr adati on: = 100 % after 21 day(s)
Resul t: readi |l y bi odegradabl e
Met hod: OECD CGuide-line 301 E "Ready biodegradability:

Test substance:

Modi fi ed OECDScreeni ng Test"
as prescribed by 1.1 - 1.4

Remar k: DMF was bi odegraded after a | ag phase
(acclimtion phase) of 14 days. DMF is readily
bi odegradabl e according to OECD criteria.

Reliability: (1) valid without restriction
CGui del i ne study

Fl ag: Critical study for SIDS endpoi nt

22- MAY- 2003 (34) (22)

Type: aer obi c

| nocul um activated sl udge

Degr adati on: 95 % after 3 day(s)
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3. ENVIRONMENTAL FATE AND PATHWAYS DATE: 28-MAY -2003

SUBSTANCE ID: 68-12-2

Met hod:

GLP:
Reliability:
27- MAY- 2003
Type:
| nocul um
Degr adati on:
Met hod:

Reliability:
18- JUN- 2001

Type:
| nocul um
Degr adati on:

Met hod:

Test condition:
Reliability:

28- JUN- 2002

Type:
| nocul um

Degr adat i on:
Met hod:

Test condition:
Reliability:

28- JUN- 2002

Type:
| nocul um
Degr adat i on:

OECD Gui de-line 302 B "Inherent
bi odegradability: Modified
Zahn-Wel | ens Test™"

no

(2) valid with restrictions
gui del i ne study

(35)
aer obi c
activated sl udge
= 81l Wwafter 13 day(s)
ot her: BOD Test (BOD of THOD)
(4) not assignable
(36)

aer obi ¢
other: salt water
= 42.5 % after 5 day(s)

ot her: BOD Test, resp. Sea Water Dilution
Met hod; (BOD of THOD)

concentration: 4 ppmof test substance
(2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

(37)

aer obi ¢
other: fresh water

= 4.7 %after 5 day(s)

ot her: BOD Test, resp. Standard Dilution Mthod;
(BOD of THOD)

concentration: 4 ppmof test substance
(2) wvalid with restrictions
Test procedure not in accordance with defined
nmet hods, but data are conprehensi bl e and
scientifically acceptable

(37)

aer obi c
activated sl udge
< 30 % after 14 day(s)
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DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Met hod:
Remar k:

Test condition:
Reliability:

18- JUN- 2001

ot her: M TI - Test

"Degradation resistant”

100 ppmtest substance/ 30 ppm sl udge

(2) valid with restrictions

Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

3.6 BOD5, COD or BOD5/COD Ratio

3.7 Bioaccumulation

Speci es:

Exposure peri od:

Concentrati on:
BCF:

Met hod:

GLP:
Test substance:
Reliability:
Fl ag:
22- MAY- 2003
Speci es:

Exposure period:

Concentration:
BCF:

Met hod:

GLP:
Test substance:
Renmar k:
Reliability:
Fl ag:
22- MAY- 2003

3.8 Additional Remarks

(38)
Cyprinus carpio (Fish, fresh water)
56 day(s) at 25 degree C
20 ug/l
.3 - .8
OECD Gui de-line 305 C "Bioaccunulation: Test
for the Degree of Bioconcentration in Fish"
no data
no data
(1) valid without restriction
Gui del i ne study
Critical study for SIDS endpoi nt
(33)

Cyprinus carpio (Fish, fresh water)
56 day(s) at 25 degree C
2 ug/l
.3 - 1.2
OECD Cui de-line 305 C "Bioaccunul ati on: Test
for the Degree of Bioconcentration in Fish"
no data
no data
Key study sel ected for robust sumary
(1) wvalid without restriction
Critical study for SIDS endpoi nt

(33)

UNEP PUBLICATIONS



OECD SIDS

DIMETHYI FORMAMIDE

4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

AQUATIC ORGANISMS

4.1 Acute/Prolonged Toxicity to Fish

Type:

Speci es:
Exposure period:
Uni t:

LC50:

Met hod:

GLP:
Test substance:

Renmar k:

Resul t:

Test condition:

Reliability:
Fl ag:
28- MAY- 2003

flow t hrough

Lepom s macrochirus (Fish, fresh water)

96 hour (s)

ng/ | Anal ytical nonitoring: yes
7100

other: US EPA (1975) Committee on nethods for
toxicity tests with aquatic organi sns.

EPA- 660/ 3- 75- 009

no data

ot her TS: N, N- D net hyl f ormam de, no further data

Several test concentrations (up to 5, where
appropriate) and a control were tested in
duplicate in Lepom s macrochirus
(average weight: 0.912 +/- 0.350 g) delivered
fromLake MIIls Fish Hatchery. G oups of 10
fishes were tested in glass exposure tanks
(20x35x9 cm containing 6.3L). Water was
untreated Lake Superior water used at about
19.8°C (+/- 2.3°C).
Water quality characteristics were neasured
usi ng nmet hods descri bed by the American Public
Health Association et al. (1975). Exposure
sanpl es were anal yzed on a DB- W
spectrophotoneter at a wavel ength of 200 nm
Fish were not fed 24 h before or during a test.
Dead fish were counted and removed at 1, 3, 6,
12, and 24 h after initial exposure and at a
24- h period thereafter.
No controls di ed. DMF-exposed Lepon s
macrochirus were stressed and showed nortality
within 3 h after initial exposure, deaths
continued throughout the test with all fish
dead in the highest concentration at 96 h (no
val ues given).
The 96 h LC50 and its 95% confidence limts were
7100 (6700 - 7500) ng/l.
pH: 7.04 - 7.97
hardness: 40.4 - 56.3 ng/l as CaCQG3,
di ssol ved oxygen: 54.3 - 88.9%
(1) wvalid without restriction
Gui del i ne study
Critical study for SIDS endpoi nt

(39)
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Type: fl ow t hrough

Speci es: Pi mephal es pronelas (Fish, fresh water)

Exposure period: 96 hour(s)

Uni t: my/ | Anal ytical nmonitoring: yes

LC50: 10600

Met hod: other: US EPA (1975) Comm ttee on nmethods for
toxicity tests with aquatic organi sns.

EPA- 660/ 3- 75- 009
GLP: no data

Test substance: other TS: N, N- D net hyl formam de, no further data

Remar k: Several test concentrations (up to 5, where
appropriate) and a control were tested in
duplicate in Pinephal es pronel as
(28- to 32-day old; average weight: 0.047 +/-
0.022 g) reared at the US EPA Environnent al
Research Laboratory-Duluth test facility. G oups
of 20 fishes were tested in glass exposure tanks
(20x35x9 cm containing 6.3L).

WAt er was untreated Lake Superior water used at
About 23.3°C (+/- 1.7°C). Water quality
characteristics were neasured using nethods
descri bed by the Anerican Public Health
Association et al. (1975). Exposure sanples were
anal yzed on a DB- UV spectrophotoneter at a wave-
| ength of 200 nm

Fish were not fed 24 h before or during a test.
Dead fish were counted and renoved at 1, 3, 6,
12, and 24 h after initial exposure and at a 24-
h period thereafter.

Resul t: No controls died. DWMF-exposed Pinmephal es
promel as showed nortalities imediately after
initial exposure with 89.7% dead in the highest
exposure at 96 h (no values given). The
96 h LC50 and its 95% confidence [imts were
10600 (10400 - 10800) ny/l.

Test condition: pH 7.04 - 7.97,
hardness: 40.4 - 56.3 ng/l as CaCQs3,

di ssol ved oxygen: 78.1 - 98. 0%

Reliability: (1) wvalid without restriction
Gui del i ne study

Fl ag: Critical study for SIDS endpoi nt

22- MAY- 2003 (39)

Type: flow through

Speci es: Sal mo gairdneri (Fish, estuary, fresh water)

Exposure period: 96 hour(s)

Uni t: ng/ | Anal ytical nonitoring: yes
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

LC50:

Met hod:

GLP:
Test subst ance:

Renmar k:

Resul t:

Test condition:

Reliability:
Fl ag:

22- MAY- 2003
Type:

Speci es:

Exposure period:
Uni t:
LC50:

Resul t:

9800

other: US EPA (1975) Conmittee on met hods for
toxicity tests with aquatic organi smns.

EPA- 660/ 3- 75- 009

no data

other TS: N, N- D net hyl formam de, no further data

Several test concentrations (up to 5, where
appropriate) and a control were tested in
duplicate in Sal mo gairdneri (juvenile aninmals;
average weight: 5.08 +/- 1.97 g) delivered from
Fattig Hatcheries, Brady, NE. G oups of 10
fishes were tested in glass exposure tanks
(20x35x9 cm containing 6.3L).

Wat er was untreated Lake Superior water

used at about 12.7°C (+/- 1.0°C). Water quality
characteristics were neasured using nethods
descri bed by the American Public Health

Associ ation et al. (1975). Exposure

sanpl es were anal yzed by aqueous injection
gas-liquid chromatography.

Fish were not fed 24 h before or during a test.
Dead fish were counted and renoved at 1, 3, 6,
12, and 24 h after initial exposure and at a
24- h period thereafter.

No controls di ed. DMF-exposed Sal no gairdneri
were stressed and showed nortality within 3 h
after initial exposure, deaths continued

t hroughout the test with all fish dead in

t he hi ghest concentration at 96 h (no val ues
given). The 96 h LC50 and its 95% confidence
limts were 9800 (9000 -10700) ng/l.

pH. 7.04 - 7.97,

hardness: 40.4 - 56.3 ng/l as CaCQO3,

di ssol ved oxygen: 61.0 - 95.9%

(1) wvalid without restriction

Gui del i ne study

Critical study for SIDS endpoi nt

(39)
static
Brachydanio rerio (Fish, fresh water)
96 hour (s)
mg/ | Anal ytical nonitoring: no

= 8844

The effects of the test substance on enbryonal
devel opnment were studied in zebrafish enbryos.
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

The enbryos were exposed to the test substance
at concentrations ranging from8.5 to

420 mml es/1 (ca. 0.6 - 30.7 g/l) continuously
during a period fromthe eight-cell stage unti
hat chi ng.

According to the authors, exposure to the test
substance resulted in mal formati ons; skel et al
abnormalities(curvature of spine and tail),
atrophy of the heart, reduction of the heart
beat rate and circul atory disorder were
observed. According to the authors, these
findings were different fromthe effects of the
test substance observed in rats and m ce.

NOEC, LC50, and LC100 were determ ned as 15,
121, and 218 mmles/|I (1 096, 8 844, and 15 934
mg/ 1), respectively.

Reliability: (2) wvalid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

30- JUL- 2001 (40)

Type: static

Speci es: Lepom s macrochirus (Fish, fresh water)

Exposure period: 96 hour(s)

Uni t: ng/ | Anal ytical nonitoring: no data

Met hod: other: static bioassay as described in the Fish
Bi oassay Procedure in 1970 ed. of Standard
Met hods ( APHA)

GLP: no data

Test substance: other TS: Cytox 3522, a m xture containing
N, N- Di met hyl f or mam de, no further data

Remar k: The TL50 in ng active ingredient/liter for 96
hours is 2.09 and the No Effect Concentration is
1.60 ny/L.

Reliability: (4) not assignable
Reported values result fromtesting a m xture
containing the test substance. Specific effects
solely related to the test substance cannot be
derived due to unknown interactions with other
conmponents.

20- JUL- 2001 (41)

Type: static

Speci es: Oncor hynchus nykiss (Fish, fresh water)

Exposure period: 96 hour(s)

Uni t: ng/ | Anal ytical nonitoring: no data
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Met hod:

GLP:
Test substance:

Renmar k:

Reliability:

20- JUL- 2001

Type:
Speci es:

Exposure period:

Unit:
NOEC:
LC50:
LC90 :
Met hod:
GLP:
Test subst ance:

Renar k:

Reliability:
20- JUL- 2001

Speci es:

Exposure period:

Unit:
LC50:

GLP:
Test subst ance:

other: static bioassay as described in the Fish
Bi oassay Procedure in 1970 ed. of Standard

Met hods ( APHA)

no data

other TS: Cytox 3522, a m xture containing

N, N- Di ent hyl formam de , no further data

The TL50 in ng active ingredient/liter for 96
hours is 1.04 and the No Effect Concentration is
0.42 ny/L.
(4) not assignable
Reported values result fromtesting a m xture
containing the test substance. Specific effects
solely related to the test substance cannot be
derived due to unknown interactions wth other
components.

(41)

static

Pi mephal es pronel as
96 hour (s)
mg/ |

3200
9080
14500

(Fish, fresh water)

Anal ytical nonitoring: no data

ot her: Standard static acute fish toxicity test
met hod- Envi ronnent al Sci ences Research
Laboratory, The Dow Chem cal Conpany

no data

as prescribed by 1.1 - 1.4

12°C in dechl orinated
Anal yses were made for tota
oxygen demand, chem cal oxygen denmand and

bi ochem cal oxygen demand.

(4) not assignable

i nsuf ficient docunmentation

The fishes were exposed at
Lake Huron water.

(42)

Lepom s macrochirus
96 hour (s)

ng/ |
6300

(Fish, fresh water)

Anal ytical nonitoring:

no data
no data
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SUBSTANCE ID: 68-12-2

Reliability: (4) not assignable
Secondary literature

19- JUL- 2001 (43)

Speci es: Lepom s macrochirus (Fish, fresh water)

Exposure period: 96 hour(s)

Unit: ng/ | Anal ytical nonitoring:

LC50: 7500

Reliability: (4) not assignable
second quotation

28- MAY- 2003 (44)

Speci es: Leuci scus idus (Fish, fresh water)

Exposure period: 48 hour(s)

Unit: ng/ | Anal ytical nonitoring: no

LC50: > 500

Limt Test: no

Met hod: ot her: screening-test

GLP: no

Remar k: 3 fish were tested per concentration;
concentration ranged from 10 up to 10000 ng/L.
No nortality occurred at any observation tinme
(4, 24, 48 h).

Reliability: (3) invalid
screeni ng-test not according to standard test
procedure

27- MAY- 2003 (45)

Speci es: Oncor hynchus nykiss (Fish, fresh water)

Exposure period: 96 hour(s)

Uni t: ng/ | Anal ytical nonitoring: no data

LC50: = .86

Met hod: ot her

GLP: no data

Test substance: ot her TS: Nopcocide 150 a m xture with a content
of 32.5% Di net hyl f or mani de

Remar k: Data were prepared frommnultiple tests, no
detailed informati on on test conditions with
respect to type of study are given.

Test substance: ot her TS: Nopcocide 150, active ingredients
bi s-1, 4- bronmpacet oxy 2-butene 28 % nethyl ene
bi s-thi ocyanate 6.5% inert ingredients 65.5%
(32.5% Di net hyl f or mam de)
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SUBSTANCE ID: 68-12-2

Reliability:
20- JUL- 2001
Speci es:
Exposure period:
Uni t:
LC50:
Reliability:
28- MAY- 2003
Speci es:
Exposure peri od:
Unit:
LC50:

GLP:
Test substance:
Reliability:
19- JUL- 2001
Speci es:

Exposur e peri od:

Unit:
LC50:

GLP:
Test subst ance:

Reliability:
19- JUL- 2001

Speci es:

Exposure peri od:

Unit:
LC50:

Met hod:
GLP:

(4) not assignable Reported values result from
testing a m xture containing the test
substance. Specific effects solely related to
the test substance cannot be derived due to
unknown interactions with other conmponents.

(46)

Pi mephal es pronel as
96 hour (s)

ng/ | Anal yti cal
9080 - 11400

(Fish, fresh water)

noni t ori ng:

(4) not assignable
second quotati on
(47) (48)

Pi mephal es pronel as
96 hour(s)

ng/ | Anal yti cal
10410

(Fish, fresh water)

noni t ori ng:

no data
no data

(4) not assignable
Secondary literature

(43)
Sal velinus fontinalis fresh
wat er)
96 hour (s)
ng/ | Anal yti cal
8366

(Fi sh, estuary,

noni t ori ng:

no data
no data

(4) not assignable
Secondary literature
(43)

ot her: Bluegills
96 hour(s)

ng/ |
=1

Anal ytical nonitoring: no data

ot her
no data
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Test substance:

Renmar k:

Test subst ance:

Reliability:

20- JUL- 2001

other TS: Nopcocide 150, mxture with a content
of 32.5% Di met hyl f or mam de

Data were prepared frommultiple tests, no
detailed informations on test conditions with
respect to type of study are given.
ot her TS: Nopcoci de 150, active ingredients
bi s-1, 4- bronmpacet oxy 2-butene 28 % nethyl ene
bi s-t hi ocyanate 6.5% inert ingredients 65.5%
(32.5% Di net hyl f or mam de)
(4) not assignable
Reported values result fromtesting a m xture
containing the test substance. Specific effects
solely related to the test substance cannot be
derived due to unknown interactions with other
components.

(46)

4.2 Acute Toxicity to Aguatic I nvertebrates

Speci es:

Exposur e peri od:

Unit:
ECO:
EC50:
EC100:

Met hod:
Year :
GLP:

Test substance:

Test condition:

Daphni a magna
48 hour (s)

ng/ | Anal ytical nonitoring: yes
>= 100

> 100

> 100

(Crust acea)

ot her: 79/831/ EEC corresponds to OECD 202
1989

yes

other TS: 99.8 % purity

illumnation: artificial l|ight, day:night-rhythm
= 16:8 hours light intensity: appr. 5-6 uge/m*s
at 400 - 700 nm test volunme: 10 m, nunber of
ani mal s/ vessel : 5, total nunber of

ani mal s/ concentration: 20, nunber of replicates
and control s/concentration: 4, age of test
animals: 2 - 24 hours, immobilisation was
checked at 0, 3, 6, 24 and 48 h,

concentration range: 100 - 12.5 ny/l,
tenperature: 19.8 - 20.5 °C, pH 7.8 - 8.0,

di ssol ved oxygen: 8.1 - 8.8 ng/l, dilution
factor: 2

Reliability: (1) valid without restriction
Gui del i ne study
Fl ag: Critical study for SIDS endpoi nt
22- MAY- 2003 (49)
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Speci es:

Exposure peri od:

Unit:
EC50:

Met hod:
Test substance:
Reliability:
02- AUG 2001

Speci es:

Exposur e peri od:

Unit:
NOEC:
EC50:
Met hod:

GLP:
Test subst ance:

Test condition:

Reliability:

Fl ag:
22- MAY- 2003

Speci es:

Exposure period:

Unit:
LC50 :

Met hod:
Test substance:

Renmar k:
Resul t:

Test condition:

Daphni a magna (Crustacea)

24 hour (s)

ng/ | Anal ytical nonitoring:
= 19800

other: static acute toxicity test according to
ASTM E 729

other TS: technical grade

(1) wvalid without restriction

CGui del i ne study

(50)
Daphni a magna (Crustacea)
48 hour (s)
ng/ | Anal ytical nonitoring: no
= 6000
= 15700
other: static acute toxicity test according to
ASTM E 729
no
other TS: technical grade
age of test animals: < 24 h,

endpoint: Mortality at 24 h and 48 h,
mean O2-content: 6.0 - 9.3 ng/l,
tenperature: 20- 23 °C,

pH - value: 7.0 - 8.5,

hardness: 120 -250 ng/l,

feeding: no
(1) wvalid wthout
Gui del i ne study

restriction

Critical study for SIDS endpoi nt

(50)
Daphni a magna (Crustacea)
24 hour (s)
ng/ | Anal ytical nonitoring: no
= 16150
ot her
ot her TS: anal ytical grade
endpoint: nortality
LC50 = 17000 (13000 - 22000) pl/1 corresponds to
LC50 = 16150 (12350 - 20900) ny/l
age: <24 h, pH7.9 - 8.3, total hardness: 165
mg/ 1, tenperature: 21 °C, 15 daphnids/conc.
level, 16 h light/8 h dark
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Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
nmet hods, but data are conprehensible and
scientifically acceptable
02- AUG 2001 (51)
Speci es: Daphni a magna (Crustacea)
Exposure period: 48 hour(s)
Unit: ng/ | Anal ytical nonitoring: no
LC50 : = 12350
Met hod: ot her
Test substance: ot her TS: anal ytical grade
Resul t: LC50 = 13000 (10000 - 16000) pl/l corresponds to
LC50 = 12350 ( 9500 - 15200) ng/|
Test condition: age: < 24 h, pH7.9 - 8.3, total hardness: 165
ng/ 1,
tenperature: 21 °C, 15 daphnids/conc. |evel, 16
h 1ight/8 h dark
Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable
03- AUG 2001 (51)
Type: static
Speci es: Daphni a magna (Crustacea)
Exposure period: 48 hour(s)
Uni t: mg/ | Anal ytical nonitoring: no
EC50: 900
EC100: > 1000
Limt Test: no
Met hod: ot her: according to DIN 38412 L 11
GLP: no
Reliability: (2) valid with restrictions guideline study
wi t hout GLP and anal ytics
27- MAY- 2003 (52)
Speci es: Daphni a magna (Crustacea)
Exposure period: 24 hour(s)
Unit: nmg/ | Anal ytical nonitoring:
EC50: = 26300
Met hod: ot her: immobilisation
18- JUN- 2001 (39)
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DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Speci es:

Exposure peri od:

Uni t:
EC50:

Met hod:
Test subst ance:

18- JUN- 2001

Speci es:

Exposure peri od:

Unit:
LC50 :

Met hod:
Test substance:

31- OCT- 2000

Speci es:

Exposure period:

Unit:
LC50 :

Reliability:
27- MAY- 2003

Speci es:

Exposur e peri od:

Unit:
LC50 :

30- NOV- 1992

Speci es:
(Crayfish)

Exposure peri od:

Unit:
NOEC:

Met hod:
GLP:

Rermar k:

Daphni a nmagna
48 hour (s)

my/ | Anal yti cal
= 14500

(Crust acea)

noni t ori ng:

other: inmmpbilisation
as prescribed by 1.1 - 1.4

(39)
Daphni a magna (Crustacea)
48 hour (s)
mg/ | Anal yti cal nonitoring:
= 14400
other: nortality

as prescribed by 1.1 - 1.4

(53)
Daphni a magna (Crustacea)
48 hour (s)
ng/ | Anal ytical nonitoring:
13100

(4) not assignable
second quotation

(54)
other aquatic arthropod: Brown shrinp
48 hour (s)
ng/ | Anal ytical nonitoring:
> 100

(55)

ot her aquatic arthropod: Orconectes imunis

24 hour (s)
mg/ | Anal ytica
= 3680

noni toring: yes

ot her:
no

nortality

No nortality was observed up to 3680 ny/|
(24/ 48/ 72/ 96 h).
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SUBSTANCE ID: 68-12-2

Reliability:

02- AUG 2001

Speci es:
Exposure period:
Unit:

LC50 :

30- NOV- 1992
Speci es:
Exposur e peri od:
Unit:

LC50 :

30- NOV- 1992

(2) valid with restrictions Test procedure not
in accordance with defined nethods, but
data are comprehensi ble and scientifically
acceptabl e

(56)

ot her aquatic arthropod: Water fleas
3 hour (s)

ng/ | Anal ytical nonitoring:
= 13000

(57)
ot her aquatic arthropod: Water fleas
48 hour (s)
ng/ | Anal ytical nonitoring:
= 14530

(58)

4.3 Toxicity to Aquatic Plants e.q. Algae

Speci es:
Endpoi nt :

Exposure peri od:

Unit:
EC10:
EC50:
Met hod:

GLP:
Test substance:

Resul t:
Test condition:

Reliability:
Fl ag:
22- MAY- 2003

Speci es:
Endpoi nt :

Exposure peri od:

Scenedesnmus subspi cat us
growth rate

96 hour(s)

ng/ |

> 1000

> 1000

(Al gae)

Anal ytical nonitoring: no

other: DIN 38412, part 9, Determ nation of
inhibitory effect on the cell multiplication
no

as prescribed by 1.1 - 1.4

EC val ues are given in nom nal concentrations.
number of replicates/concentration: 4
concentration of test substance: 100, 320 and
1000 mg/| al gal growth was checked by

det erm nation of chlorophyll A fluorescence at
0, 24, 48, 72 and 96 h

(2) valid with restrictions

St udy conducted according to national standard
met hod.
Critical study for SIDS endpoint

(59)
Scenedesnus subspi catus (Al gae)
bi omass
96 hour(s)

68
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DIMETHYI FORMAMIDE

4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Unit:
EC10:
EC50:
Met hod:
GLP:

Test substance:

Resul t:
Test condition:

Reliability:
Fl ag:
22- MAY- 2003

Speci es:
Endpoi nt :

Exposure period:

Unit:
NOEC:

Met hod:

GLP:
Test subst ance:
Met hod:

Resul t:

Test condition:

Reliability:

ng/ | Anal ytical nonitoring: no
> 1000

> 1000

other: DI N 38412, part 9, Determ nation of

i nhibitory effect

on the cell multiplication
no

as prescribed by 1.1 - 1.4

EC val ues are given in nom nal concentrations.
nunber of replicates/concentration: 4
concentration of test substance: 100, 320 and
1000 mg/| al gal growth was checked by

determ nati on of chl orophyll A fluorescence at
0, 24, 48, 72 and 96 h

(2) valid with restrictions

St udy conducted according to national standard
met hod.
Critical study for SIDS endpoi nt

(59)
Sel enastrum capri cornutum (Al gae)
bi omass
14 day(s)
ng/ | Anal ytical nonitoring: no
= 470
other: static bottle test

no
as prescribed by 1.1 - 1.4

Static bottle test according to Mller, et al.
(1978) or EPA-600/9-78-018
The NOEC value is given in m /|l (nom nal).

0.5 mM/l is equivalent to 470 ng/l.

In the highest concentration (1 m /1) a
statistically significant increase of algal
growt h was observed with respect to dry weight.
test vessel: 250 ml Erl ennmeyer fl ask
concentration of test substance: 0, 0.1,
0.32, 0.56 and 1 m /I
temperature: 24 °C +/- 2 °C

continuous illum nation: 4304 +/- 650 |unens/n?
conti nuous shaking at 100 rpmcell counts at day
0, 2, 3, 4, 7, 9, 11 and 14 using an | nproved
Neubauer Hemacyt onet er

(3) invalid

The al gae growth was not |onger in the
exponential phase a test end and an increase in

0.18,
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

28- JUN- 2002

Speci es:
Endpoi nt :

Exposure period:

Unit:
| C25 :

Reliability:
27- MAY- 2003

Speci es:
Unit:

Renmar k:
Reliability:

27- MAY- 2003

Speci es:
Endpoi nt :

Exposure period:

Unit:
TXK :

Met hod:

Reliability:

19- JUN- 2001
Speci es:

Endpoi nt :

Exposure peri od:

Unit:
| C25 :

Reliability:
27- MAY- 2003

Speci es:
Endpoi nt :

Exposure period:

al gal growth was found at the highest test
concentration.
(60)

Anabaena fl os-aquae
growth rate
48 hour (s)

ng/ |
15100

(Al gae)

Anal ytical nonitoring:

(4) not assignable
second quotation
(61)

Chl orel l a pyrenoi dosa
ng/ |

(Al gae)
Anal ytical nonitoring:
10- 14- day EC50 reduction in gromh at 8900 ny/l
(4) not assignable

second quotation

(62)

Chlorella sp. (Al gae)
ot her: chl orophyl | content
7 day(s)

ng/ |
> 1890

Anal ytical nonitoring:

ot her: to EPA reconmmended

met hod

St udy conducted acc.

(2) valid with restrictions

St udy conducted according to national standard
met hod wi t hout detail ed docunentation

(32)
M crocysti s aerugi nosa (Algae, blue,
cyanobacteri a)
growth rate
48 hour (s)
ng/ | Anal ytical nonitoring:
7000

(4) not assignable
second quot ation
(61)

Nitzschia sp
growth rate
48 hour (s)

(Al gae)
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Unit:
| C25 :

Reliability:

27- MAY- 2003
Speci es:
Endpoi nt :
Exposure peri od:
Unit:

| C25 :
Reliability:

27- MAY- 2003
Speci es:
Endpoi nt :
Exposure peri od:
Uni t:

| C25 :
Reliability:

27- MAY- 2003
Speci es:

Unit:

Renmar k:

Reliability:

27- MAY- 2003

Speci es:

Exposure period:

| C25 growt h inhi bi
Reliability:

27- MAY- 2003

ng/ | Anal ytical nonitoring:
6200

(4) not assignable
second quot ati on
(61)

Oscillatoria sp. (Al gae)

growth rate

48 hour (s)

ng/ | Anal yti cal nonitoring:
10400

(4) not assignable
second quot ati on
(61)

Sel enastrum capri cornutum (Al gae)

growm h rate

48 hour (s)

mg/ | Anal yti cal nonitoring:
7700

(4) not assignable
second quot ation
(61)

ot her al gae: Nostoc. sp., Anabaena sp., A
cylindrica, A variabilis, A inaequalis
mg/ | Anal ytical nonitoring:

10- to 14 days EC50 growth inhibition:

A. inaequalis EC50 5700 ng/l; all other species
reveal ed an EC50 of < 480 ny/l

(4) not assignable

second quot ation

(63)
ot her aquatic plant: Lemna m nor
7 day(s)
4900 : 4900
(4) not assignable
second quot ati on
(61)
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

4.4 Toxicity to Microorganisms e.q. Bacteria

Type:
Speci es:

Exposure period:

Unit:
LC50 :

Reliability:
27- MAY- 2003

Type:
Speci es:

Exposur e peri od:

Unit:
EC50:

Met hod:

Test substance:

aquati c

Par anmaeci um caudatum (Protozoa)

4 hour (s)

mg/ | Anal yti cal nonitoring:
20465

(4) not assignable
second quotation

(64)
aquatic
Phot obact eri um phosphoreum (Bacteri a)
5 m nute(s)
ng/ | Anal ytical nonitoring:

= 20000

ot her: Bacterial biolum nescence bioassay

(M krotox-anal yser, Beckmann)
as prescribed by 1.1 - 1.4

Remar k: The principle of the bacterial biolum nescence
bi oassay (M krotox-anal yser) was a 50% reducti on
of the biolum nescence 5 min after incubation of
test organisns with DWF

Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

27- MAY- 2003 (65)

Type: aquatic

Speci es: Pseudonmonas putida (Bacteria)

Uni t: ng/ | Anal yti cal nonitoring:

EC10: = 2210

Test substance: as prescribed by 1.1 - 1.4

Reliability: (4 not assignable
Abstracts

19- JUN- 2001 (66)

Type: soi |

Speci es: Sclerotinia sp. (Fungi)

Uni t: mg/ | Anal yti cal nonitoring:

EC50: 4840
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DIMETHYI FORMAMIDE

4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Remar k: EC50 inhibition of fungal growh conpared with a
control growth of 50-70 mm
Reliability: (4) not assignable
second quot ation
28- MAY- 2003 (67)
Type: soi |
Speci es: ot her fungi: Pestalotia sp.
Unit: ng/ | Anal ytical nonitoring:
EC50: 5970
Remar k: EC50 inhibition of fungal growh conpared with a
control growth of 50-70 mm
Reliability: (4) not assignable
second quot ati on
28- MAY- 2003 (67)
Type: soi |
Speci es: ot her fungi: Phytiumultinum
Unit: nmg/ | Anal ytical nonitoring:
EC50: 10250
Remar k: EC50 i nhibition of fungal growth conpared with a
control growth of 50-70 mm
Reliability: (4) not assignable
second quot ation
28- MAY- 2003 (67)
Speci es: Vibrio fisheri (Bacteria)
Exposure period: 15 m nute(s)
Unit: ng/ | Anal ytical nonitoring:
| C50 light inhibit1320 13260 - 14830
| C25 light inhibit583:5830- 6730
Reliability: (4) not assignable
second quot ation
27- MAY- 2003 (68)
Speci es: ot her protozoa: Spirostonum anmbi guum
Exposure period: 24 hour(s)
Unit: ng/ | Anal ytical nonitoring:

EC50 def ormation :9870
EC50 nortality : 31700
Reliability: (4) not assignable

second quotation

27- MAY- 2003 (69)
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4. ECOTOXICITY DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Speci es: ot her protozoa: Spirostonmum anmbi guum
Exposure period: 48 hour(s)
Uni t: ng/ | Anal ytical nonitoring:

EC50 deformation :8190
EC50 nortality : 19700

Reliability: (4) not assignable

second quot ati on
27- MAY- 2003 (69)

4.5 Chronic Toxicity to Aguatic Organisms

4.5.1 Chronic Toxicity to Fish

Speci es: Pi mephal es pronelas (Fish, fresh water)
Met hod: ot her
Met hod: Chronic toxicity test

2-generation study U S. EPA, Recommended
Bi oassay Procedure for Fathed M nnow (Pinmephal es
pronel as) chronic test, unpublished

Resul t: The FO generation was exposed for 4 nonths and
the followi ng F1 generation for 60 days to 5,
11, 20, 44, or 94 nmg/l of DMF (nom nal
concentrations). The exposure of the FO
generation to DMF was started, follow ng
spawni ng after a 24 h period. The devel opnent of
the F1 generation was normal but an increase in
nortality was observed after a 2 nonth
exposure period. After a 1 nonth exposure period
with DMF, the ani mal sizes becanme reduced,
dependi ng on the respective DMF concentrations.
The FO generation started spawning fromthe
124t h day on. In conparison, the group exposed
to the highest concentration started spawni ng
| ater. The devel opnment of the spawn (F1l) was
reduced at 5 ng/l DMF and hi gher concentrations.
However, an increase of deformties was not
descri bed. The authors stated that the maxi m
accept abl e toxic concentration (MATC) of DMF was
between 5 to 11 ng/|l.

Reliability: (4) not assignable
Draft version; Final report not avail able
Fl ag: Critical study for SIDS endpoi nt
23- JAN- 2002 (70)
Speci es: Sal velinus fontinalis (Fish, estuary, fresh
wat er)

7 UNEP PUBLICATIONS



OECD SIDS
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Met hod:
Year :

Met hod:

Renmar k:

Reliability:

Fl ag:
08- JAN- 2002

ot her
1972

Chronic toxicity

2-generation study of U S. EPA, Reconmended

Bi oassay Procedure for Brook trout (Salvelinus
fontinalis) chronic test, unpublished

The exposure of brook trout to DW
concentrations of 4.5, 10.6, 21.2, 42.8, or
98.2 ng/l had no effect on the FO-generation.
Furthernore, no clear effects on reproductive
parameters were determ ned. A concentration of
42.8 nmg/|. and higher resulted in reduced
survival of the Fl-generation. The authors
stated that the maxi mal acceptable toxic
concentration was 42.8 - 98.2 nmg/l.

(4) not assignable

Draft version; Final report not avail able
Critical study for SIDS endpoint

4.5.2 Chronic Toxicity to Aguatic | nvertebrates

Speci es:
Endpoi nt :
Exposure peri od:
Unit:

MATC :

Met hod:
GLP:
Test substance:

Resul t:

Test condition:

(70)
Daphni a magna (Crustacea)
reproduction rate
28 day(s)
ng/ | Anal ytical nonitoring: no
= 1140 - 2375

ot her: Fl ow Through Open System
no
other TS: anal ytical grade

MATC = maxi num acceptabl e toxi c concentration

which did not adversely affect survival or

reproduction during chronic exposure as checked

by anal ysis of variance

Publ i shed val ue:

MATC = 1200 - 2500 ul/l is equivalent to

MATC = 1140 - 2375 ny/l.

test system flow through in open aquarium (1.75

1),

volume rate: 4 - 5 aquarium vol unes/ day

concentration of test substance: 600-10000 pl /I
(570 -9500 ny/l)

Dilution factor: 2

nunmber of replicates: 4

number of animals/treatnment: 20

counting of offspring: weekdays between 7 and 28

automatically with a particle counter
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Reliability:

Fl ag:
25- JUN- 2002

Speci es:
Endpoi nt :
Exposure period:
Uni t:

EC50:

GV MATC

Met hod:
GLP:
Test substance:

(of fspring renoved afterwards)

feeding: three tinmes daily on weekdays and once
daily on weekends with 2.5 m Rangen Sal non
Starter fish food suspension (5 ng/l) and 1.0 n
suspensi on of Sel enastrum capricornutum (1-2e7
cells/m)

tenperature: 21 °C

total hardness: 170 ng/l CaCO3

total alkalinity: 130 ng/l CaCO3

conductivity: 5012 pmhos/cm

pH: 7.5 - 8.3

di ssol ved oxygen: 8.4 - 6.2 ng/l

illumnnation: artificial light (grow [ux and
soft white fluorescent bulbs at an intensity of
3 - 6 hlx at the solutions surface (light: dark
= 16:8 hours)

(2) valid with restrictions

Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

Critical study for SIDS endpoi nt

(51)
Daphni a magna (Crustacea)
reproduction rate
21 day(s)
ng/ | Anal ytical nonitoring: no
= 3721
= 2121

other: sem static test
no
as prescribed by 1.1 - 1.4

Remar k: GM MATC in this investigation represents the
geonetric mean of the highest concentration
produci ng no significant effect and the | owest
concentration producing a statistically
significant effect.

Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

Fl ag: Critical study for SIDS endpoint

30- JUL- 2001 (50)
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4. ECOTOXICITY DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

TERRESTRIAL ORGANISMS

4.6.1 Toxicity to Sediment Dwelling Organisms

4.6.2 Toxicity to Terrestrial Plants

Speci es: other terrestrial plant: wheat and bean seed
Endpoi nt : other: inhibition of germ nation

Uni t: mg/ |

; 50000

Remar k: Di net hyl f ormam de did not inhibit germnation of

wheat and bean seeds at 1% (approx. 10000 ng/l)
but did at 5% (approx. 50000 ng/l).

Reliability: (4) not assignable
second quot ation

28- MAY- 2003 (71)

4.6.3 Toxicity to Soil Dwelling Or ganisms

4.6.4 Toxicity to other Non-Mamm. Terrestrial Spedes

Speci es: ot her: Pythiumultimm (fungus)
Endpoi nt : ot her: colony growth in mm
Met hod: other: Growth Inhibition Test
GLP: no
Resul t: EC- val ues are given in nom nal concentrations:

EC50 = 1.08 +/- 0.12 % (v/v) corresponds to
EC50 = 10152 +/- 1128 ny/|
Test condition: Exposur e: funghi were exposed to different
concentrations of DWF dissol ved
in potato dextrose agar.
Exposure time: variable

Tenper at ur e: 25 °C

Test vessel: petri dishes containing 10 m
spi ked dextrose agar

| nocul um mycelial discs taken fromthe

outer margin of fresh stock
culture plate (8 mm di aneter)

Measur es: growt h of colonies after control
growt h reached a di aneter of 50
- 70 mm

Concentration of
test substance: 0.1 - 3.0 % (v/v)
Nunmber of

replicates: 5
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4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Reliability:

Fl ag:
22- MAY- 2003

Speci es:
Endpoi nt :

Met hod:
GLP:

Resul t:

Test condition:

Anal yti cal
noni t ori ng:

no

(2) valid with restrictions

Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

Critical study for SIDS endpoi nt

(72)

ot her: Sclerotinia honeocarpa (fungus)
ot her: colony growth in mm

other: Gowth Inhibition Test

no

EC- val ues are given in nom nal concentrations:

EC50 = 0.51 +/-
EC50 = 4794 +/ -

Exposure:

Exposure tinme:

Tenper at ur e:
Test vessel:

| nocul um

Measur es:

Concentrati on of
test substance:

Number of
replicates:
Anal yti cal
noni t ori ng:

0.02 % (v/v) corresponds to
188 ng/ |

funghi were exposed to different

concentrations of DWVF dissol ved
in potato dextrose agar.

vari abl e

25 °C

petri dishes containing 10 m
spi ked dextrose agar

mycelial discs taken fromthe
outer margin of fresh stock
culture plate (8 mm di aneter)

growt h of colonies after contro
growt h reached a di aneter of 50

- 70 mm
0.1 - 3.0 % (v/v)
5

no

Reliability: (2) valid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensible and
scientifically acceptable

Fl ag: Critical study for SIDS endpoi nt

22- MAY- 2003 (72)

Speci es: ot her: Pestalotia sp. (fungus)

Endpoi nt : other: colony growth in nmm

Met hod: other: Growth Inhibition Test

GLP: no
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DIMETHYI FORMAMIDE

4. ECOTOXICITY

DATE: 28-MAY-2003
SUBSTANCE ID: 68-12-2

Resul t:

Test condition:

Reliability:
Fl ag:
22- MAY- 2003

EC-val ues are given in nom nal concentrations:

EC50 = 0.63 +/- 0.10 % (v/v) corresponds to

EC50 = 5922 +/- 940 ny/|

Exposur e: funghi were exposed to different
concentrations of DMF dissol ved
in potato dextrose agar.

Exposure tine: variable

Tenper at ur e: 25 °C

Test vessel: petri dishes containing 10 m
spi ked dextrose agar

| nocul um mycelial discs taken fromthe

outer margin of fresh stock
culture plate (8 nm di aneter)

Measur es: growt h of colonies after control
growt h reached a di aneter of 50
- 70 mm

Concentration of
test substance: 0.1 - 3.0 % (v/vVv)

Nunmber of
replicates: 5
Anal yti cal

noni t ori ng: no

(2) wvalid with restrictions
Test procedure not in accordance with defined
met hods, but data are conprehensi bl e and
scientifically acceptable
Critical study for SIDS endpoint

(72)

4.7 Bioloqical Effects M onitoring

4.8 Biotransformation and Kinetics

4.9 Additional Remarks
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5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

5.0 Toxicokinetics, M etabolism and Distribution

5.1 Acute Toxicity

5.1.1 Acute Oral Toxicity

Type:
Speci es:
Val ue:

Test substance:

21- NOv- 2001

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test subst ance:

03- MAR- 2003

Type:
Speci es:
Sex:

No. of Ani mls:

Vehi cl e:
Val ue:

Met hod:
GLP:

Test substance:

Renmar k:

LD50
rat
2200 - 7550 mg/ kg bw

other TS: N, N-di net hyl formam de, no further data
(73)

LD50
rat
= 7600 nmg/ kg bw

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

(74)

LD50

rat

mal e/ femal e

10

wat er

= 3040 mg/ kg bw

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

DMF was adm ni stered once by gavage as aqueous
solution in concentrations of 25% (doses from
1520 nmg/ kg to 3800 ny/kg) and 50% (at a dose of
6080 ngy/ kg), respectively, to 10 Sprague-Daw ey
rats per group at the dose |levels of 1520,
1900, 2375, 3040 and 3800 ng/kg and to 5 rats
per group at 6016 ny/kg.

Mortality and signs of toxicity were recorded 1,
24 and 48 hours and 7 days after the substance
adm ni stration.

Ani mal s that di ed were necropsied and the
surviving animls were sacrificed and necropsi ed
after the 7-day post observation period.
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
Resul t: 48 h after substance application one ani mal each

Test substance:

Reliability:

Fl ag:
03- MAR- 2003

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test substance:

03- MAR- 2003

Type:
Speci es:

GLP:

Test substance:

Remar k:

03- MAR- 2003

Type:
Speci es:
Sex:

Val ue:

Met hod:
GLP:

at both highest dose |levels (6080 and 3800
ng/ kg) died. After 7 days all aninmals were dead
at 6080 ng/ kg, 5 of 10 rats were dead at
3800 mg/ kg and 6 of 10 rats at 3040 ng/ kg. There
were no dead animals at 2375 ng/kg and 2 of 10
and 1 of 10 rats were dead after 7 days at 1900
and at 1520 ng/ kg, respectively.
At necropsy of animals that died and those
sacrificed at the end of the study, discolored
livers were seen
In relation to the dose adm nistered the main
synmpt ons observed were apathy and staggering.
N, N- Di net hyl f ormam de, purity: > 99.9%
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(75)

LD50
rat
= 3895 mg/ kg bw

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

(76)

LD50
rat

no data
ot her TS: N, N-di net hyl f or mam de, no further data

DMF was nore toxic in younger than in ol der
rats, with oral LD50s of |less than 1 g/kg body
wei ght in newborn, 1,4 g/kg bw in 14-day-old,
4 g/ kg bwin young adult and 6,8 g/ kg bw
in adult animals.

(77)

LD50

rat

no data

2800 ng/ kg bw

ot her
no
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5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

Remar k:
31- AUG 2000

Type:
Speci es:
Sex:

No. of Ani mals:

Vehi cl e:
Val ue:

Met hod:
GLP:

Test substance:

Renmar k:

Resul t:

Test substance:

ot her TS: N, N- D net hyl f ormam de, no further data

no further data
(78)

ot her: ALD

r at

no data

1

other: corn oil at the 30 through 300 ng/ kg dose
| evel s

> 300 ng/ kg bw

ot her
no data
other TS: see under remarks

The test substance containing 50% DMF was
adm ni stered by gavage in dose |evels of 30,
100, 300, 1.000, 3.000 and 10.000 nmg/ kg using
1 rat per |level.

At the 30 ng/kg through 300 ng/ kg dose | evels
t he substance was given as a 5% (w v) corn oi
solution and undiluted at the remaini ng dose

| evel s. Food was withheld 16-hours prior to

i ntubati on.

After substance admi nistration the animls were
observed for 14 days.

Ani mal s at dose |l evels >= 1000 ng/ kg of the test
subst ance contai ning 50% DMF died within 6-22
hours (1000 and 10000 nmg/ kg animals) or within
2 days (3000 nmg/ kg animal) after intubation.
Since the test substance was a m xture of

di fferent chemi cals, clinical and necropsy
findings observed in the 3 aninmals that died
could not be attributed to DVF al one.

other TS: CNF-623 urethane catal yst consisting
of 50% N, N- di net hyl f or mam de and 50%

di but yl di chl or ost annane conpl exation wth

tri phenyl phosphi ne oxide, no further data

03- MAR- 2003 (79)
Type: ot her: ALD

Speci es: r at

Sex: mal e

No. of Ani mals: 1

Vehi cl e: ot her: corn oil
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
Met hod: ot her
GLP: no data
Test substance: ot her TS: N, N-Di nmet hyl f ormam de, Sol vent
Recovery Tar Still Residue, no further data

Renmar k:

Resul t:

28- AUG 2000

Type:
Speci es:
Val ue:

Test subst ance:

03- SEP- 1997

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test substance:

03- MAR- 2003

Type:
Speci es:
Val ue:

Met hod:
GLP:

The test material was adnministered as a
suspension in corn oil (in the three high doses
as 80% solutions, in the three internediate
doses as 40% solutions and in the two | ow doses
as 15% sol utions) at dose levels from 25000
ng/ kg - 670 ng/ kg in a single dose, one ani nal
per dose. Surviving aninmals were sacrificed 14
days after the day of substance adm nistration.
At | ethal doses the animals showed stained nouth
and nose, diarrhea and wet and stained perineal
areas at 17000 nyg/ kg.
At subl et hal doses, weight |oss for 1-3 days
after dosing occurred at 2250 ng/ kg and above.
The ALD is 11000 ny/kg.
(Note: TSCAT/M crofiche in nmost parts, mainly
when nunbers/val ues were given not clearly
readabl e, thus quotation of dose |evels used and
ALD val ue are questi onabl e)

(80)

LD50
nouse
3700 - 6800 ng/ kg bw

other TS: N, N-di nmethyl formam de, no further data
(73)

LD50
nouse
= 4608 ng/ kg bw

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

(75)

LD50
nouse
= 2755 mg/ kg bw

ot her: BASF Test
no
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5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

03- MAR- 2003

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test substance:

Renmar k:

Test substance:

25- AUG 1997

Type:
Speci es:
Val ue:

Reliability:
27- MAY- 2003

Type:
Speci es:
Sex:

No. of Ani mals:

Vehi cl e:
Val ue:

Met hod:
GLP:

Test substance:

as prescribed by 1.1 - 1.4
(81)

LD50
nouse
> 5000 nmg/ kg bw

ot her: no data
yes
no data

Groups of 10 mce were adm nistered the test
subst ance at doses of 500, 890, 1580, 2810, and
5000 nmg/ kg. No nortality occurred until day 15
except 2 mce adm nistered 2810 nmg/ kg (1 death
on day 2, 1 death on day 3).
N, N- di net hyl f ormam de; no data on purity of the
conpound

(82)

LD50
nouse
2900 ng/ kg bw

(4) not assignable
second quot ation
(83)

ot her: ALD50
nouse

mal e

1

wat er

> 3200 mg/ kg bw

ot her
no
other TS: N, N- D nmet hyl formam de, no further data

Remar k: Study design and result are only given in
tabul ated form
The test material DMF solution 10% in water was
orally adm ni stered at dose |levels of 50, 400
and 3200 ng/ kg bw.
The tested animals survived treatnent, only
slight to noderate weakness and ataxia were
observed.
03- MAR- 2003 (84)
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
Type: LD50
Speci es: rabbi t
Val ue: 940 - 2360 ng/ kg bw
Test substance: ot her TS: N, N-di nmet hyl formam de, no further data
03- SEP- 1997 (73)
Type: LDLo
Speci es: rabbi t
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
Remar k: 4750 ng/ kg: single adm nistration led to
nortality
2375 mg/ kg: two times administered led to
nortality
950 rrg/ kg: n n n n n n
950 mg/ kg: 4-5 tinmes "
03- MAR- 2003 (76)
Type: LDLo
Speci es: cat
Val ue: = 950 ny/ kg bw
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
Remar k: Test substance application: 4 - 5 tines
03- MAR- 2003 (76)
Type: LD50
Speci es: dog
Val ue: = 940 ng/ kg bw
Test substance: ot her TS: N, N-di net hyl f ormam de, no further data
03- SEP- 1997 (73)
Type: LDLo
Speci es: dog
Val ue: = 950 ng/ kg bw
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
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Remar k: Mortality occurred in 1/2 ani mals.

03- MAR- 2003 (85)

Type: LD50

Speci es: gui nea pig

Val ue: 1700 - 3400 ng/ kg bw

Test substance:

03- SEP-1997

Type:
Val ue:

Reliability:

27- MAY-2003

ot her TS: N, N-di net hyl f ormam de, no further data

(73)
LD50
5000 mg/ kg bw
(4) not assignable
second quot ati on
(83)

5.1.2 Acute Inhalation Toxicity

Type:
Speci es:
Exposure time:

GLP:

Test substance:

Renmar k:
03- MAR- 2003
Type:

Speci es:
Val ue:

Test subst ance:

LCO
r at
4 hour (s)

no data
ot her TS: N, N-di nethyl formam de, no further data

The rats survived a 4 hour exposure period in
DMF saturated air.
(86)

LC50
r at
9 - 15 mg/|

other TS: N, N-di net hyl formam de, no further data

03- MAR- 2003 (87)
Type: LC50
Speci es: r at
Sex: mal e/ f emal e
No. of Ani mal s: 20
Exposure tine: 4 hour (s)
Val ue: > 5.9 ng/l
Met hod: ot her: BASF Test

Year : 1979

GLP: no
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5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

Remar k:

Resul t:

Test substance:

Reliability:
Fl ag:

12- JUL- 2001
Type:

Speci es:

as prescribed by 1.1 - 1.4

10 mal e and 10 fenmal e Sprague- Dawl ey rats per
dose group were exposed by whol e- body exposure
to DMF vapor for 4 hours at (analytica
determ ned) concentrations of 2.23, 4.92,
5.10 and 5.85 ng/L. The concentration of 5.85
ng/ L was the maxi mum techni cal attainable
concentration.
A concurrent control group of ten male and
femal e animals run in parallel
After the 4 h DMF-exposure, the animls were
exam ned for 14 days. Body wei ght was determ ned
before the begi nning of the study, after 7 days
during the study and at the end of the post
observation period. The animals were daily
observed for clinical signs and nortality.
Animal s that died during the study and the
surviving animals sacrificed at the end of the
post observation period were necropsied and
macr oscopi cal ly exam ned.
At the analytical concentration of 2.23 ng/L al
ani mal s survived and did not show any clinical
signs related to DVMF exposure.
In the other three treatnment groups dyspnoea
(irregular or intermttent respiration) and
rough fur were observed as well as in 3 fenal es
at 5.1 ng/L a mnimal al opezia at the head.
Deat hs occurred 3 days after the start of the
study; at 4.92 ng/l 2 of 10 males and 1 of 10
femal es died, at 5.1 ng/l all animls survived
treatment and at 5.85 ng/l 3 of 10 mal es and no
femal e ani mal di ed.
Surviving animls recovered 6-7 days after
exposure. These animals did not show any gross
| esi ons at necropsy, whereas the aninmals that
di ed during the study had some organ findings,
e.g. discoloration of the liver, henorrhage in
t hynus and punctate henorrhage in pancreas and
in the gastric nucous menbrane.
The LC50 for male and fermale animals was > 5.85
ng/ L/ 4 hours.
N, N- Di net hyl f ormam de purity: 99. 7%
(2) wvalid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(88)

ot her
r at
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5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Exposure tinme:

GLP:

Test substance:

Resul t:

03- MAR- 2003

Type:
Speci es:
Exposure tinme:

Met hod:
GLP:

Test substance:

Remar k:
03- MAR- 2003

Type:
Speci es:
Exposure time:

Met hod:
GLP:

Test subst ance:

Renmar k:

03- MAR- 2003

Type:
Speci es:
Exposure tinme:

Met hod:

Year :
GLP:

Test subst ance:

6 hour (s)

no data
ot her TS: N, N-di net hyl formam de, no further data

A single exposure of 6 hours duration to air
saturated with DVF vapour (16,31 ng/l, 5000 ppm
at room tenperature killed rats and produced
injury to liver, lungs and kidneys.

(89)
other: IRT
rat
6 hour(s)

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

There was no nortality after a 6 hours exposure
in an enriched or saturated atnosphere at 20° C

(76)
ot her: I RT
r at
7 hour (s)

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

No nortality occurred after a 7 hours exposure
in an enriched or saturated atnosphere (vapor)
at 20° C.

Test substance: Dinethyl formam de 25% and 50% i n
wat er .

(90)
other: IRT
r at
7 hour (s)

ot her: based on the nethod descri bed by Smyth et
al: Am I nd. Hyg. Ass. J. 23, 95- 107 (1962)

1962

no

as prescribed by 1.1 - 1.4
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
Remar k: No nortality after 1 hour exposure in a at 20° C
enri ched or saturated atnmosphere (vapor);
| ateron nortalilty was observed.
03- MAR- 2003 (91)
Type: LC50
Exposure tinme: 2 hour (s)
Val ue: 9400 ng/ n?
Reliability: (4) not assignable
second quot ati on
27- MAY- 2003 (83)

5.1.3 Acute Dermal Toxicity

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test subst ance:

04- MAR- 2003

Type:
Speci es:
Sex:

No. of Ani mls:

Val ue:

Met hod:
GLP:

Test substance:

Renmar k:

Resul t:

LD50
rat
5000 - 11000 g/ kg bw

ot her
no data
other TS: N, N-dinethyl formam de, no further data

(87)
ot her: |ethal dose
r at
mal e/ f emal e
4

> 3160 ng/ kg bw

ot her: no data
yes
ot her TS: N, N-di net hyl f ormam de, no further data

In an acute dernmal toxicity study, 2 male and 2
femal e Sprague-Dawl ey rats were treated with the
undi luted test substance at a dose |evel of 3160
nmg/ kg under occl usive conditions on abraded skin
for 24h.

On days 2, 4, 8, 11 and 15 exposure sites were
exam ned and scored for erythema and edema on a
graded scale of 0 to 4.

Each ani mal was observed for nortality and toxic
effects 2 and 4 hours post-dosing and daily

t hereafter.

In the 14-days post observation period, 1/4
animals died (one male aninmal) on day 4 of the
study, however, gross necropsy reveal ed no
substance-rel ated effect.
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SUBSTANCE ID: 68-12-2

Among the remaining animals, no signs of
system c toxicity or percutaneous absorption
wer e observed.

Reliability: (2) valid with restrictions
reliable with restrictions

Fl ag: Critical study for SIDS endpoi nt

10- OCT- 2000 (82)

Type: LD50

Speci es: nouse

Val ue: > 5000 nmg/ kg bw

Test substance:

03- SEP- 1997

Type:
Speci es:

Met hod:
GLP:

Test subst ance:

Renmar k:
04- MAR- 2003

Type:
Speci es:
Val ue:

Test substance:

Renar k:

04- MAR- 2003

Type:
Speci es:
Val ue:

Met hod:
GLP:

Test substance:

ot her TS: N, N-di net hyl formam de, no further data
(73)

LDLo
nouse

ot her
no data
other TS: N, N-di nmet hyl formam de, no further data

Slight skin irritation was observed after skin
application of 2,5 g DMF/ kg bw to m ce.
(92)

LD50
rabbi t
= 1500 nmg/ kg bw

ot her TS: N, N-di net hyl f ormam de, no further data

Pregnant animals were used in the present
i nvestigation.
(87)

LD50
r abbi t
3800 - 12350 ngy/ kg bw

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

Remar k: Several experinments with different doses were
carried out:
a) 4750- 9500 ngy/ kg (open application; no toxic
ef f ect s)
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
b) 6650-12350 ng/ kg (2 applications resulted in
lethality)
c) 3800- 7600 ng/kg (5 applications resulted in
lethality)
04- MAR- 2003 (76)
Type: LD50
Speci es: rabbi t
Sex: no data
Val ue: 4720 mg/ kg bw
Met hod: ot her
GLP: no
Test substance: other TS: N, N- D nmet hyl formam de, no further data
Remar k: No further data, only secondary literature
31- AUG 2000 (93)
Type: LDLo
Speci es: rabbi t
GLP: no data
Test substance: ot her TS: N, N-di net hyl f ormam de, no further data
Remar k: No skin irritation was found after skin
application of 0,5 g DMF/ kg bw to rabbits.
04- MAR- 2003 (92)
Type: ot her: ALD
Speci es: rabbi t
Sex: no data
No. of Ani nmals: 1
Val ue: > 2000 mg/ kg bw
Met hod: ot her
GLP: no data

Test substance:

Renmar k:

other TS: see under TS

One day prior to dermal exposure, the backs of 3
New Zeal and rabbits were shaved free of hair
One rabbit per dose |evel was used. Doses chosen
were 200, 500 and 2.000 ng/ kg of the undil uted
test substance containing 50% DMF. Application
was perfornmed under occlusive conditions on
abraded skin for 24 hours. The animals were
exam ned for local skin reactions, nortality and
behavi oral abnornmalities as well as for initial
and 14-day body weights during a 14 day post
observation period. Necropsy exam nation was
conducted on all aninmals.
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SUBSTANCE ID: 68-12-2
Resul t: The test material could not be conpletely

Test subst ance:

renoved fromthe skin and residual test materia
remained in contact with the skin for an
unlimted period of time. The test material was
severely irritating to the skin, however the
three animal s survived treatnent.

ot her TS: CNF-623 urethane catal yst consisting
of 50% N, N- di met hyl f ormam de and 50%

di but yl di chl or ost annane conpl exation with

tri phenyl phosphi ne oxide, no further data

29- AUG 2000 (79)
Type: LDLo
Speci es: gui nea pig
Met hod: ot her
GLP: no data
Test substance: ot her TS: N, N-di nmet hyl formam de, no further data
Resul t: Application of 2 M DMF to the skin of guinea
pi gs caused death of 10/20 animals within four
days. When 0,5 ml was applied, no deaths were
noted during an observation tinme of 35 days.
04- MAR- 2003 (94)
5.1.4 Acute Toxicity, other Routes
Type: LD50
Speci es: r at
Route of admn.: i.p.
Val ue: = 4095 mg/ kg bw
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
04- MAR- 2003 (75)
Type: LD50
Speci es: nouse
Route of admn.: i.p.
Val ue: = 5035 mg/ kg bw
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
04- MAR- 2003 (75)
Type: LD50
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5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Speci es: nouse

Route of admin.: i.p.

Met hod:
GLP:

Test substance:

Renmar k:
04- MAR- 2003

Type:
Speci es:

Rout e of adm n.:

Met hod:
GLP:

Test substance:

Remar k:

04- MAR- 2003

Type:
Speci es:

Rout e of adm n.:

Met hod:
GLP:

Test substance:

Resul t:

04- MAR- 2003

Type:
Speci es:

Rout e of adm n.:

Val ue:

Met hod:
GLP:

Test subst ance:

04- MAR- 2003

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

val ues obtai ned: 1900 ng/ kg and 2090 ny/ kg
Two i nvestigations were perforned.
(95) (96)

LC50
nouse
i.p.

ot her
no data
ot her TS: N, N-di net hyl formam de, no further data

According to the authors, LD50 in mce was 1.54
m/kg (ca. 1.46 ng/kg) for the neat test
substance and 5.61 m/kg (ca. 5.33 ng/kg) for an
aqueous solution (no data on concentrati on)
(97)

ot her
gui nea pig
i.p.

ot her
no data
ot her TS: N, N-di net hyl f ormam de, no further data

Wen 2 mM DVF were given by i.p. injection, 9 of
10 guinea pigs died within 72 hours, whereas
0,5 m caused death of 5/10 animals within 72
days.

(98)
LD50
rat
S.cC.
= 1425 mg/ kg bw
ot her: BASF Test
no
as prescribed by 1.1 - 1.4
(99)
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SUBSTANCE ID: 68-12-2
Type: LD50
Speci es: r at
Route of admin.: s.c.
Val ue: = 2280 nmg/ kg bw
Met hod: ot her: BASF Test
GLP: no
Test substance: as prescribed by 1.1 - 1.4
04- MAR- 2003 (76)
Type: LD50
Speci es: nouse
Route of admn.: s.c.
Val ue: = 3800 mg/ kg bw
Met hod: ot her: BASF Test
GP: no
Test substance: as prescribed by 1.1 - 1.4
04- MAR- 2003 (76)

5.2 Corrosivenessand Irritation

5.2.1 Skin Irritation

Speci es:
Concentrati on:
Exposur e:
Exposure Ti me:

No. of Ani mals:

Resul t:

EC cl assificat.:

Met hod:
GLP:

Test subst ance:

rabbi t
undi | ut ed

Sem occl usi ve
20 hour (s)

4

not irritating
not irritating

ot her: BASF Test
no
as prescribed by 1.1 - 1.4

Remar k: The neat test substance (about 0.5 nml) was
adm ni stered for 20 hours on the shaved back of
4 al bino rabbits.
For this purpose a 2.5 cmx 2.5 cm big patch was
soaked with the test substance and applied onto
the skin and fixed with a bandage.
After renoval of the bandage the application
site was exam ned and in case of findings,
observation continued until the findings
di sappear ed.
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SUBSTANCE ID: 68-12-2
Resul t: Only one of the four aninmls showed faint

Test substance:

Reliability:

Fl ag:
04- MAR- 2003

Speci es:
Resul t:

Met hod:
GLP:

Test substance:

Renmar k:

04- MAR- 2003

Speci es:
Exposur e:
Exposure Ti nme:

No. of Ani mls:

Resul t:

Met hod:
Year :
GLP:

Test substance:

Renmar k:

Resul t:

Test substance:

redness on the first day after renmpval of the
bandage. On the second day there were no nore
findings. The other three animls were
wi t hout any fi ndi ngs.
N, N- Di net hyl f ormam de, purity 99% about 1
(wght . ) % Met hanol , traces of Mononet hyl f or mam de
and For mam de
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoint

(76)

rabbi t
not irritating

ot her: no data
no data
ot her TS: N, N-di net hyl formam de, no further data

Met hod: 15 tinmes repeated application of 2000
ng/ kg over a tine period of 4 weeks (exposure: 6
hours daily).

(100)

rabbi t

Occl usi ve
24 hour (s)
3
irritating

Drai ze Test

1944

no data

other TS: see under TS

Test material containing 50% DMF (see under TS)
was adm nistered to shaved and abraded and to
shaved intact skin sites of 3 New Zeal and
rabbits under occlusive conditions for 24 hours.
Test procedures was nodel ed after that of

Drai ze et al.. Application sites were exam ned
after 24 and 72 hours.

The test material containing 50% DM and 50%
di butyl di chl orost annane conpl exati on with

tri phenyl phosphi ne oxide led to severe
irritation.

ot her TS: CNF-623 urethane catal yst consisting
of 50% N, N- di met hyl f ormam de and 50%

di butyl di chl orost annane conpl exation with
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SUBSTANCE ID: 68-12-2
tri phenyl phosphi ne oxide, no further data

17- AUG 2000 (79)

Speci es: rabbi t

Exposur e: Occl usi ve

Exposure Ti nme: 24 hour (s)

No. of Animals: 6

Resul t: not irritating

Met hod: ot her

GLP: no

Test substance:

Renmar k:

Resul t:
24- AUG- 2000

Speci es:
Exposur e:

No. of Ani mals:
EC classificat.:

Met hod:
GLP:

Test subst ance:

ot her TS: p-Phenyl endiam ne, N, N, N, N- Tetrakis
( p- Ami nophenyl)-, Crude fraction m xture, TAPD
sol ution; product is a dinethylformam de sol ution
cont ai ni ng about 12% by wei ght of TAPD and mi nor
amounts of inpurities

Study design and results are only given in
tabul ated form 0.5 ml of the product as
recei ved (see under TS) were adm nistered for 24
hours under occlusive conditions on the intact
and the abraded skin of 6 rabbits.
After exposure (24 h) and after 72 hours the
animls were exam ned for erythema and edenm,
scoring system used was that of Draize et al
(1944). Erythema response could not be eval uated
in several instances since the product col ored
the skin purple.
Primary irritation score was O. 1.

(101)

gui nea pig
Occl usi ve
1
irritating

ot her
no
other TS: N, N- D nmet hyl formam de, no further data

Remar k: Study design and result are only given in
tabul ated form DMF was adm ni stered undil uted
in an amount of 0.5 cc/animl (about 317 ng/ kg
when assunmed that a guinea pig will have a
wei ght of 1500 g). Information on exposure tine
IS m ssing.

Resul t: The ani mal survived treatnment but showed slight
edema, the entire application site was gray and
necrotic and dark red around the area.
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SUBSTANCE ID: 68-12-2

The aut hors deduced an ALD50 of > 0.5 cc DMF.

04- MAR- 2003 (84)

Speci es: manmal

Resul t: not irritating

Met hod: ot her: no data

Test substance: ot her TS: N, N-di net hyl fornmam de, no further data

04- MAR- 2003 (87)

Speci es: r at

Concentrati on: undi | ut ed

Exposur e: Occl usi ve

Exposure Ti me: 24 hour (s)

No. of Aninmals: 4

Resul t:

EC cl assificat.:

Met hod:
GLP:

Test subst ance:

Renmar k:

Resul t :
Reliability:

Fl ag:
04- MAR- 2003

5.2.2 Eyelrritation

Speci es:
Concentrati on:
Coment :

No. of Ani mls:

Resul t:

EC cl assificat.:

Met hod:
GLP:

not irritating
not irritating

ot her: no data
yes
other TS: N, N-di nmet hyl formam de, no further data

Application of 3160 mg/ kg under occl usive
conditions on abraded skin for 24h to 2 male and
2 femal e Sprague- Dawl ey rats, 14-days post
observation peri od.
On days 2, 4, 8, 11 and 15 the exposure sites
wer e exan ned and scored for erythema and edema
on a graded scale of 0 to 4. Each ani mal was
observed for nortality and toxic effects at 2
and 4 hours post-dosing and daily thereafter.
Mean primary irritation score was O
(max. = 8).
(2) wvalid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(82)

rabbi t
undi | ut ed
not rinsed
2
irritating
irritating

ot her: BASF Test
no
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DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

Remar k:

Resul t:

Test substance:

Reliability:

Fl ag:
04- MAR- 2003

Speci es:
Resul t:

Met hod:
GLP:

Test substance:

04- MAR- 2003

Speci es:
Resul t:

Met hod:
GLP:

Test subst ance:

Renmar k:
04- MAR- 2003

Speci es:
Resul t:

Met hod:
GLP:

Test substance:

as prescribed by 1.1 - 1.4

One drop (about 50 pl) of the undiluted test
substance was adm nistered twice at an interva
of 5 mnutes into the eyes of two al bino
rabbits. After 10 m nutes, 1, 3 and 24 hours
the eyes were exam ned and in case of findings,
observation was continued until the findings

di sappear ed.

Mar ked redness and chenosis as well as purul ent
secretion were observed in both animals. In one
ani mal transient opacity of the cornea occurred
two days after substance application. Both
animls recovered and were wi thout findings 6
and 7 days after treatnment, respectively.

N, N- Di net hyl f ormam de, purity 99% about 1
(wght . ) % Met hanol , traces of Mononethyl formam de

and For mam de
(2) valid with restrictions

reliable with restrictions
Critical study for SIDS endpoi nt
(76)

rabbi t
irritating

ot her: no data
no data
other TS: N, N-di net hyl formam de, no further data

(87) (102)

rabbi t
irritating

ot her: no data
no data
ot her TS: N, N-dinethyl formam de, no further data

The result of the study was obtained by using
concentrated Di nethyl for mam de.
(103)

rabbi t
irritating

ot her
no data
ot her TS: N, N-di net hyl f ormam de, no further data
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Remar k: Moderate corneal injury and noderate to severe
conjunctivitis were observed after application
0,01 mM concentrated DMF on the corneal surface
or of a 50 %dilution in the conjunctival sac
of rabbits.

04- MAR- 2003 (103) (104)

Speci es: rabbi t

No. of Aninmals: 3

Resul t : irritating

Met hod: ot her: no data

GP: no

Test subst ance:

Resul t:

29- AUG 2000

Speci es:
Concentrati on:
Conmment :

No. of Ani mals:

Resul t:

EC classificat.:

Met hod:
GLP:

Test substance:

Renmar k:

other TS: Dinmethylformam de technical, no
further data

The undiluted test substance was instilled into
both eyes of 3 rabbits; the left eye was washed
with water 20 seconds after instillation, the
ri ght eye remai ned without rinsing.
Moderate inflanmmati on of the nucous nenbranes of
both eyes in all animls and transient corneal
damage in the unwashed eyes of all animls were
observed.
These findings were reversible within 8 days.
Necropsy on day 8 reveal ed no significant
changes except one unwashed cornea whi ch showed
slight swelling of the substantia propria.
(105) (106)

rabbi t
undi | ut ed
not rinsed
6
irritating
irritating

ot her: no data
yes
ot her TS: N, N-di net hyl f ormam de, no further data

Instillation of 0.1 m of the neat test
substance into one eye of 6 New Zeal and white
rabbits wi thout rinsing, the untreated eye
served as control; readings 1 h, 4 h, 24 h, 48
h, 72 h, 4 d, 7 d, 10 d and 13 d after
application.

Scoring of ocular |esions was done according to
the nethod of Draize et al. (1944).
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SUBSTANCE ID: 68-12-2
Resul t: Primary irritation index was 50.8 after 1 h

Test substance:

Reliability:

Fl ag:
04- MAR- 2003

Speci es:

No. of Ani mal s:

Resul t:

Met hod:
Year :
GLP:

Test substance:

Remar k:

Resul t:

Test subst ance:

decreasing to 35.8 after 72 h and 35.0 on day 4
decreasing to 3.3 on day 13 (max. = 110). All
animals in the present study showed | arge
blisters on the inside of upper and |ower |ids
at the 1 and 4 hour readings. Blisters decreased
in size at the 24 hour reading and they were
gone at 48 hours. According to the authors, the
test substance was classified as severely
irritating to the rabbit eyes when applied
wi t hout rinsing.
N, N- di net hyl f ormam de; no data on purity of the
conpound
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(82)

rabbi t
3
irritating

Drai ze Test

1944

no data

other TS: see under TS

3 New Zeal and rabbits were used. The undil uted
test material containing 50% DMF was instilled
into the right eye of each rabbit, the left eye
served as control. The test substance treated
eye remai ned unwashed. Cornea, iris and
conjunctiva were exam ned at 1, 24, 48, 72 hours
and 7 days after test material application.
The test material containing 50% DM and 50%
di but yl di chl orost annane conpl exation with

tri phenyl phosphi ne oxide |led to severe
irritation.

ot her TS: CNF-623 urethane catal yst consisting
of 50% N, N- di met hyl f or mam de and 50%

di butyl di chl or ost annane conpl exation with

tri phenyl phosphi ne oxide, no further data

17- AUG 2000 (79)
Speci es: rabbi t
No. of Ani mals: 4
Resul t: irritating
Met hod: ot her
GLP; no data
100 UNEP PUBLICATIONS
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Test substance:

Remar k:

Resul t:

Test subst ance:

04- MAR- 2003

Speci es:

No. of Ani mls:

Resul t:

Met hod:
GLP:

Test substance:

Renmar k:

ot her TS: Di met hyl formam de, no further data

The present study was conducted to conpare the
effects of an old sanple of DMF (at |east two
years old) and a fresh sanple of DMF when
adm ni stered to each two rabbits per sanple.

In a former eye irritation study, admnistration
of the old sanple resulted in severe ocul ar
damage. 0.1 m of the sanples was adm nistered
in the right conjunctival sac of each rabbit.
Twenty seconds after treatnent one of the two
eyes dosed with each DMF sanple was rinsed with
tap water for one mnute. The other eye remai ned
unwashed. The eyes were exam ned one and four
hours and at one, two, three, seven and 14 days
after treatnent.

Fl uorescein was al so used for exam nation after
t he treatnent day.

The fresh sanple led to noderate corneal injury
and noderate conjunctivitis in the unwashed eye,
whereas the washed eye showed noderate but deep
corneal injury, mld iritis and severe
conjunctivitis.
The so called old sanple of DMF led in both eyes
to deep corneal injury and to severe
irreversi ble corneal damage with deep
vascul ari zation
The one-m nute water wash increased ocul ar
damage in both sanpl es tested.
other TS: Dinethylformam de, a fresh and an old
(at least two years old) sanple were used, no
further data given with respect to purity

(107)

rabbi t
6
irritating

ot her

no

ot her TS: p-Phenyl endiam ne, N, N, N, N- Tetrakis
( p- Ami nophenyl )-, Crude fraction m xture, TAPD
solution; product is a dinethylformm de

sol ution containing about 12% by wei ght of TAPD
and m nor anmounts of inmpurities

Study design and results are only given in
tabulated form 0.1 m of the product as
received (see under TS) were adnministered into
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the conjunctival sac of 6 rabbits. Cornea,
iris and conjunctivae were exam ned after 24, 48
and 72 hours. Scoring system used was that of
Draize et al. (1944).

06- SEP- 2000 (101)

5.3 Sensitization

Type:
Speci es:
Resul t:

Met hod:
GLP:

Test substance:

04- MAR- 2003

Type:
Speci es:

No. of Ani mls:

Resul t:

Met hod:

Year :
GLP:

Test substance:

Renmar k:

Gui nea pig maxim zation test
gui nea pig
not sensitizing

ot her
no data
ot her TS: N, N-di nmet hyl formam de, no further data

(108)

Mouse | ocal |ynphnode assay
nouse
6
not sensitizing
ot her: according to Urich, P. et al.:
Toxi col ogy 125, 149-168
1998
no data
other TS: N, N-di net hyl formam de, no further data

N, N- di net hyl f or mam de was used as a vehicle in
the present investigation.

The publication describes the validation of a
two-tiered nmurine local |ynph node assay.
Groups of 6 female BALB/C strain mce (6-8 weeks
old) were used. During tier I a w de range of
concentrations of test chem cal solutions or
vehicle (volume: 25 pl) were applied on three
consecutive days to the dorsum of both ears.
Mce were killed 24 hours after the | ast
application to determ ne ear and | ocal |ynph
node wei ghts and | ynph node cell counts.

Ear wei ghts were determined to correlate

chem cal induced skin irritation with the ear-
draining | ynph node activation potenti al.

For conparison of the induction and chall enge
responses, mce were treated on the shaved back
with 50 pl of test chemical or vehicle alone on
three consecutive days (induction phase
treatment).
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Resul t:

Rel i abi |

Fl ag:

ity:

09- APR- 2001

Then m ce were chall enged 12 days after the
final induction phase exposure with 25 pl of
test chem cal or vehicle on the dorsum of both
ears for a further 3 days (chall enge phase
treatment). Lynph nodes were excised 24 hours
after the final challenge phase treatnment.

A tier Il LLNA protocol was used to finally
differentiate between true irritants and contact
al | ergens.

To investigate the inpact of different vehicles
on the primary response i nduced by two contact
all ergens, i.e dinitrochl orobenzene (DNCB) at
0. 5% and by eugenol at 35% DAE433, DMSO, DMF
and acetone /oil olive (AOO) were used.

Both contact allergens were conpared either to
the untreated control (aqua bidest) or to the
correspondi ng vehicle control.

Topical treatnent of mice with the vehicle
N, N-di et hyl fornmam de |l ed to slight ear-draining
| ymph node activation as expressed by increased
wei ghts and cell counts in conparison to the
untreated ani mal s.
However, this observation was not reproducible
in a second experinent (i.e. when DMF was tested
as vehicle for eugenol and as vehicle alone in
conparison to the respective untreated contro
group).
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(109)

5.4 Repeated Dose T oxicity

Speci es:
Strain:

r at Sex: mal e/ fenal e
Fi scher 344

Rout e of adm nistration: inhalation

Exposure period:

12 weeks

Frequency of treatnment: 5 d/w, 6 h/d

Post exposure period: none
Doses: 150, 300, 600, 1200 ppm (ca. 0.45, 0.91
1.82, 3.63 ng/l)
Control G oup: other: air
NOAEL: 300 ppm
LOAEL: 600 ppm
Met hod: ot her
GLP: no data
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Test substance:

Remar k:

Resul t:

ot her TS: Di met hyl formam de, no further data

Whol e- body exposure to DMF vapor was tested in
each 10 nale and femal e rats/group. The aninals
wer e observed twice daily for nortality and
overt signs of toxicity. Detailed clinical
observations were obtai ned weekly and body

wei ght s bi weekl y.

At sacrifice all surviving rats were

i nvestigated for clinical |aboratory tests and
hemat ol ogy. Gross necropsy exam nhations were
made on all animals, histopathology was done on
sel ected tissues (lungs, heart, liver, thynus,
spl een, pancreas, kidneys, urinary bl adder,
testes and nasal passages).

Dunnett's t-test was used for body weights and
clinical pathol ogy parameters in conparison to
controls.

3 rats died during the course of the study, one
300 ppm mal e and one rat of each sex at 1200
ppm

The hi ghest concentration tested (1200 ppm |ed
to significant reduced body weight gain fromthe
second week of study onwards in the femal es and
fromstudy week 4 in the males. At 600 ppmthere
was al so a trend of reduced body wei ght gain.
In both sexes a dose-related increase of serum
chol esterol was observed, significant at the

hi ghest concentration tested and at 600 ppmin
the females. Due to a significant increase of
serum al kal i ne phosphatase in femal e ani mal s of
the 600 and 1200 ppm groups and el evated enzyne
val ues (SGPT, SGOT) in one animal at the highest
concentration tested as well as to macroscopi cal
and hi stopat hol ogi cal changes in the |iver
(fibrosis, dark stained cytoplasm of hepatocytes
and in the two animls of the 1200 ppm group
that di ed before schedul ed sacrifice

wi despread col | aps, necrosis and accunul ati on of
yel | ow-brown pigment in Kupffer cells,

macr ophages and hepat ocytes was seen), the |iver
seened to be the target organ. M croscopic
changes in the liver were predoni nantly

found in the high dose group, and to a | esser
extent at 600 ppmand in the formof variation
in nuclear size and cytoplasm c characteristics
at 300 ppm
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According to the authors the MID was bel ow 600
ppm

25- OCT- 2000 (110) (111)

Speci es: rat Sex:

Rout e of adm nistration: inhalation

Exposur e peri od: 27 days

Frequency of treatnent: daily; 4 h/d

Doses: 0.13 ng/|

Met hod: ot her

GLP: no data

Test substance: other TS: N, N-di nmet hyl formam de, no further data

Resul t: In addition, over the sane tinme period the
effects of 300 ng/ nB8 (corresponding to 0.3 ng/l)
were i nvestigated when the aninmals were exposed
5 times daily for 15 mnutes (in between al ways
40 m nutes breaks).
The effects on functional parameters of |iver
and ki dneys as well as on bl ood pressure were
descri bed.

04- MAR- 2003 (112)

Speci es: rat Sex: no data

Strain: no data

Rout e of adm nistration: inhalation

Exposure period: 3 or 30 days

Frequency of treatnent: daily; 0.5 h/d

Post exposure period: no data

Doses: no data

Met hod: ot her

GLP: no data

Test substance: ot her TS: N, N-di nethyl formam de, no further data

Resul t: Type of exposure: aerosol
Necroses in liver and kidneys and changes in
lungs and in arterial vessel of the nyocard were
ment i oned.

04- MAR- 2003 (113) (114)

Speci es: r at Sex: no data

Strain: no data

Rout e of adm nistration: inhalation

Exposure period: 4 weeks

Frequency of treatnment: daily; 8 h/d

Post exposure peri od: no data

Doses:

200 ppm (0.61 ng/ 1)
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Met hod: ot her
GLP: no data
Test substance: ot her TS: N, N-di net hyl formam de, no further data
Resul t: The present investigation conpares the
hepat ot oxi c effects of Di nethylformm de and
carbon tetrachloride on rats of different ages
(3 - 12 weeks).
Changes in the liver were seen nore often in
young ani nal s.
Di met hyl formam de led to a cloudy swelling of
liver lobules and to a dissem nated fatty
infiltration around the central vene. These
hi st ol ogi cal findings were reversible, whereas
simlar findings in a nore severe intensity
caused by carbon tetrachloride led to fibrosis
of the liver |obules.
In the Dinmethylformam de treated ani mals
i ncreased serum | evel s of GOT and GPT were
found.
04- MAR- 2003 (115)
Speci es: rat Sex:
Rout e of adm nistration: inhalation
Exposure peri od: 6 nont hs
Frequency of treatment: daily; 4 h/d
Doses: 10-17, 100-167 ppm (ca. 0.03-0.05, O0.3-
0.5 nmg/l)
Resul t: The hi gher dose | evel should have caused
reversi bl e changes in the reflex response and
t he i nterneuron-binding.
There were no signs of histological changes in
liver and ki dneys.
The rel evance of the described findings is
questi onabl e.
04- MAR- 2003 (116)
Speci es: rat Sex:
Rout e of adm nistration: inhalation
Exposure peri od: 4 nmont hs
Frequency of treatnment: daily; 6 h/d
Doses: 0. 005, 0.01 ng/l
Met hod: ot her: no data
Resul t: In addition, rats were treated dermally with a
30% and 60% sol ution of Di nmethyl formani de,
respectively.
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Changes in hematol ogi cal paraneters and changes
in the reflex response were described for the
i nhal ati on of 10 ng/nB8 and the dernal treatnent
with the 60% sol uti on.
04- MAR- 2003 (117)
Speci es: rat Sex: no data
Strain: no data

Rout e of adm nistration: inhalation

Exposure peri od:

10 weeks

Frequency of treatnment: no data

Post exposure peri od: no data
Doses: 3.03 mg/1 (1000 ppm
Control G oup: yes
Met hod: ot her: no data

GLP: no data
Test substance: ot her TS: N, N-di nmet hyl formam de, no further data
Resul t: No clinical or histological evidence of I|iver

injury.

04- MAR- 2003 (118)
Speci es: r at Sex: mal e/fenal e
Strain: Fi scher 344

Rout e of adm nistration: |nhal ation

Exposure peri od:

13 weeks

Frequency of treatnment: 5 days/week, 6 hours/day
Post exposure peri od: none

Doses:

Control G oup:
NOAEL:
LOAEL:

Met hod:

Year :

GLP:
Test subst ance:

Renmar k:

50, 100, 200, 400, 800 ppm (ca. O0.15,
0.30, 0.61, 1.21,

2.43 mg/l)
yes, concurrent no treatnment
100 ppm
200 ppm
ot her: NTP study
1992
yes

ot her TS: N, N-di nethylformam de, purity: > 99%
according to Karl Fischer water analysis,
nonaqueous am de functional group titration and
two gas chromat ographi c systens

30 rats per sex and group were exposed by whol e-
body exposure to DMF vapors at concentrations of
0, 50, 100, 200, 400 and 800 ppm 6 h/day,

5 days/week for 13 weeks.
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Rats were 51 days of age at the first exposure,
t hey were subdivided into 3 study groups, 10 of
each sex for each

exposure |level: a base study group, a

cardi ovascul ar group (bl ood pressure and

el ectrocardi ograns were determ ned) and

a renal function (urinalysis) group

Ani mal s were observed twice daily for nortality
and nori bundity. Body wei ghts were measured
weekly and at necropsy. Moreover sperm

nor phol ogy and vagi nal cytol ogy eval uati ons were
perfornmed on rats exposed to 0, 50, 200 and
800 ppm DMF. Epididymal spermnotility was

eval uated at necropsy and vagi nal cytol ogy was
done by vagi nal |avage with saline during the 2
weeks just before necropsy.

Clinical pathology investigations were perforned
on cardi ovascul ar study rats at 4 and 23 days
and on base-study rats at 13 weeks. Urinalysis
were perforned in 5 rats/sex in the 0, 50, 200
and 800 ppm groups. Kidney histol ogy was
performed on these animals.

Bl ood pressure and el ectrocardi ograns were
measured within 24 hours of the |last DW
exposure in the cardiovascul ar group

rats. The animals were killed and the heart
renmoved for m croscopic exam nation

At study term nation rats in the base study and
the renal function groups were killed and

conpl ete necropsies were perfornmed. Exam nation
for gross |esions was done and wei ghts of liver,
t hymus, both kidneys, both testicles,

heart and | ungs were recorded. The target organ,
i.e. the liver was m croscopically exam ned in
all dose groups and the followi ng tissues were
exani ned m croscopically fromall control and
hi gh dose group-animls fromthe base study
group: adrenals, brain, epididyms, sem na
vesicles, prostate, testes, ovaries, uterus,
esophagus, eyes (if grossly abnormal), fenur
with marrow, gross lesions and tissue masses
with regional |ynph nodes, heart, aorta,

i ntestines, kidneys, larynx, liver, lungs, |ynph
nodes, mammary gl and with adjacent skin, nasa
cavity and turbinal es, pancreas, parathyroid

gl ands, pharynx (if grossly abnormal),
pituitary, preputial or clitoral gl ands,

sal ivary gl ands, spleen, skeletal nuscle,
stomach, thymus, thyroid, trachea, urinary

bl adder and vagi na.
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Resul t:

Reliability:

Fl ag:
04- MAR- 2003

Speci es:
Strain:

Rout e of adm ni stration:

Exposur e peri od:

Frequency of treatnment:
Post exposure peri od:

Doses:

The anal ytical concentrations in ppm determ ned
during the study by infrared analysis were O,
50.2 +/- 1.69, 98.6 +/- 2.17, 198.1 +/ - 5. 34,
401.3 +/- 10.13, 804.6 +/- 19.89 for

the target concentrations of 0, 50, 100, 200,
400 and 800 ppm respectively. (remark: the
anal ytical values were hardly readable, so that
there m ght be sone wrong nunmbers quoted).

There was no substance-related nortality. Body
wei ght gains were reduced by approx. 47-65%in
rats exposed to 800 ppmand to a | esser extent
in the animl s of the 400 ppm group.
Evi dence for hepatocellular injury was seen as
early as day 4 based on increases in activities
of liver-specific enzymes (e.g. ALT, SDH and
ICDH) in the serum of both sexes at 200-800 ppm
DMF. Serum chol esterol levels were increased in
all exposed rats at all tinme points (i.e. 4, 24
and 91 days). Relative liver weights were
increased in the males at 100 ppm and above and
at all concentrations in the females.
M ninmal to noderate centril obul ar hepatocel | ul ar
necrosi s was seen in both sexes at 400 and 800
ppm and pi gnent accunul ati on (henosi derin and
i pofuscin) in macrophages and Kupffer cells
was found in both sexes at the highest
concentration. Prolonged diestrus was observed
in 7 of 10 feral es exposed at 800 ppm i.e at a
concentration that produced hepatotoxicity and
reduced body wei ght gain.
Rel ative testis weights were increased at 400
and 800 ppm DMF, however no m croscopi cal
findings or any adverse effects on spermdensity
or notility were observed.
For both sexes the NOAEC was 100 ppm based on
the findings in the liver function assays
(increased activities ofliver-specific enzynes).
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt
(119)

r at Sex: mal e
ot her: al bino
i nhal ati on
5 days
6 h/d
up to 10 days

ca. 7,67 mg/l (2523 ppm
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Control G oup: yes, concurrent no treatnent
Met hod: ot her: no data
GLP: no

Test substance:

Resul t:

04- MAR- 2003

Speci es:
Strain:

Rout e of adm nistration:
Exposure period:
Frequency of treatnent:
Post exposure peri od:

Doses:

Control G oup:

Met hod:
GLP:
Test substance:

Renmar k:

Resul t:

other TS: N, N-di net hyl formam de technical, no
further data

Groups of 10 rats were used and were
investigated for cunmulative toxicity after
repeat ed exposure to DVMF vapor.
Progressi ve weakness, disconfort, and body
wei ght | oss were observed in the treated
animals. One rat died after the 2nd day;
necropsy reveal ed acute pul nonary congestion and
edenmn.
Seven animals that died 1 - 3 days after the
final exposure exhibited dehydration and acute
| iver necrosis. The remaining 2 animls survived
t he 10-day recovery period and one of these
ani mal s exhi bited evi dence of healing liver
i Njury upon necropsy.
(120) (105) (106)

r at Sex: no data
no data
i nhal ati on
5 - 9 weeks see under remarks
6 hours daily, 5 days a week
none
56, 108 ppm (about 0.17, 0.33 ng/lL)
yes

ot her

no

ot her TS: Di nethyl formam de, no further data

A group of nine rats received 26 exposures (5
weeks) to DMF vapor at a dose of 56 ppm foll owed
by 20 exposures (4 weeks) at a dose of 108 ppm
9 control animals exposed to air run in
paral |l el . Body wei ght changes were recorded on
Monday norning and |ate Friday afternoon. Urine
and bl ood anal yses were made during the exposure
period. All animals were sacrificed at the end
of the experinent and investigated for gross and
m croscopi ¢ changes.

According to the authors, the treated ani mals
were not significantly affected by their
exposure.

110

UNEP PUBLICATIONS



OECD SIDS

DIMETHYI FORMAMIDE

5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

22- AUG 2000 (121)

Speci es: r at Sex: mal e/ femal e

Strain: other: Crl:CD BR

Rout e of adm nistration: inhalation

Exposure period: 2 years

Frequency of treatment: 5 d/w, 6 h/d

Post exposure peri od: none

Doses:

25, 100, 400 ppm (about 0.08, 0.3, 1.21

ng/ )

Control G oup: yes

NOAEL : 25 ppm

LOAEL: 100 ppm

Met hod: ot her: no data

GLP: no data

Test substance: ot her TS: N, N-di et hyl formam de, 99.9% pure, no
further data

Remar k: 87 male and female rats were used per group. The
rats were approx. 47 days of age at the
begi nning of the study. They were exposed to DW
vapors by whol e body exposure at dose | evels of
0, 25, 100 and 400 ppm for two years.
The concurrent control group animals (0 ppm
were exposed to dehum dified air al one.
Clinical pathology was investigated at 3, 6, 12,
18 and 24 nonths in each 10 male and 10 femal e
ani mal s/ group. At 12 nonths interimsacrifice of
10 mal e and 10 femal e ani mals per group took
pl ace, thus again 10 rats per sex and group
had to be selected for the 18 and 24 nonths
exam nati ons.
After 2 weeks, 3 nmonths and 12 nonths of testing
cell proliferation in the liver was evaluated in
5 randomy sel ected rats per sex and group.
An i mmunhi st ochem cal eval uati on was done on
livers fromanimals of the O ppm and 400 ppm
groups.
Estrous cycle evaluation was done in all female
animals of the control and the high dose group
fromtest day 107 through test day 131.
Mor eover, exami nations on body wei ght,
organ wei ghts, ophthal nmoscopy, urinalysis and a
conpl ete necropsy including m croscopi cal
exam nations were carried out.

Resul t: There were no conpound-rel ated differences in

the survival of the animals in the present study
(for male rats survival was 27, 34, 40 and 44%
for 0, 25, 100 and 400 ppm respectively.
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07- MAR- 2003

For female rats survival was 35, 23, 19 and
39% respectively). Ophthal nol ogi ¢ exam nati ons,
hemat ol ogy and urinalysis reveal ed no conpound-
related effects in the rats. Mreover, no
conpound- related effects were seen on
the estrous cycles of rats exposed up to 400 ppm
DIVF.
Body wei ght and body wei ght gain were reduced in
both sexes of the 400 ppm group and in the male
animls of the 100 ppm group. Serum sor bitol
dehydr ogenase activity was increased in the
animals of the 100 and 400 ppm groups. These
ani mls al so showed increased nean rel ative
liver weights and centril obul ar hepatocel | ul ar
hypertrophy as well as an increased
centril obul ar accumul ati on of
I i pofusci n/ henosiderin. At 400 ppmthere was
al so an increased incidence of hepatocellular
single cell necrosis.
The incidence of clear cell foci was increased
in 100 ppm nmales and in both sexes of the
hi ghest dose group. An increased incidence of
eosi nophilic foci was seen in the 400 ppm
femal es. Cell-1abeling indices for hepatocytes
were not statistically significant different
bet ween control and 400 ppmrats, however, rates
were slightly higher for 400 ppm nmal es at 2
weeks and 3 nonths but not at 12 nonths.
An increased incidence of endonetrial stroma
polyp of the uterus (14.8% occurred in the
femal es of the 400 ppm group.
According to the authors endonetrial stromal
pol yps are the nost conmmon uterine neoplasmin
rats. Moreover, the incidence showed no clear
dose-response relationship and was in the range
of historical control incidences for the
respective | aboratory (2.0-15.0% Thus, the
aut hors concl uded, that the increased incidence
is probably a chance variation rather than a
conpound-rel ated effect.
There were no conpound-related | esions noted in
the nose or respiratory tract for any exposure
concentration.
Exposure to DMF for 2 years did not cause a
conpound-rel ated increase of tunors in rats.
According to the authors the NOEC in rats is 25
ppm

(122)
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Speci es: r at Sex: mal e/ fenal e
Strain: other: Charles River CD strain

Rout e of adm nistration: oral feed

Exposure period: 90 days

Frequency of treatnent: continuously

Post exposure period: none

Doses: 200, 1000, 5000 ppmin the diet

(according to the
aut hors, ca. 12, 60, 300 ng/kg)

Control Group: yes, concurrent no treatnent
NOAEL: 200 ppm
LOAEL.: 1000 ppm
Met hod: ot her
GLP: no
Test substance: ot her TS: N, N- D net hyl f or mam de techni cal grade,

no further data

Remar k: 40 mal e and 40 fermale weanling rats were
observed during a six-day pre-test period. At
the end of this period 6 male and 6 femal e
animals were assigned to 4 groups, one control
group and 3 dose groups. Dose |evels chosen were
200, 1000 and 5000 ppm Body wei ght and food
consunption were determ ned at | east once
weekl y. Routine hematol ogi cal exam nations were
performed for all animals on study days 30, 60
and 90. Al kaline phosphatase activity was al so
determ ned at these tine points. At the end of
the study for evaluation of liver function
enzyme activities and phospholipid and
chol esterol content were measured in the
serum At sacrifice the animals were subnmtted
to gross and m croscopi c pathol ogi cal apprai sal
and to organ wei ght determ nation (brain, |iver
ki dney, adrenal, lung, spleen and testis).

For histology the follow ng organs were
preserved: organs that were wei ght and ovary,
heart, pancreas, stomach and small intestine.

Resul t: Al'l treated animls survived the feeding study.
At a dose of 1000 ppm DMF rel ative liver weights
were slightly increased without a
hi st opat hol ogi cal correl ate.
Leucocytosis was observed after 60 days of DM
f eedi ng.
The red blood cell count was slightly lower in
t he 1000 ppm group in conparison to the control
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Reliability:

Fl ag:
23- MAY- 2003

Speci es:
Strain:

Hyper chol esterol emi a was observed in the fenal es
and el evat ed phospholipid val ues were seen in
2/ 6 femal es at 1000 ppm

In both sexes at 5000 ppm body wei ght gain was
depressed during the entire study period
(statistically significant only in male
ani mal s), food consunption was |ower during the
first 5-6 weeks when conpared to control aninals
and food efficiency were also | ower during the
first two weeks of the study.

Mor eover slight anem a, |eucocytosis,

hyper chol esterol emi a and el evated phospholi pid
concentration together with mld liver injury
(the latter finding in 3/6 males and 5/6

femal es) and increased relative |liver weights
wer e observed in both sexes of the 5000 ppm
group.

The increase in relative liver weights in both
sexes at 1000 and 5000 ppm were dose-rel at ed.

(2) wvalid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt
(123) (124) (125)

r at Sex: male/fenmal e
W st ar

Rout e of adm nistration: oral feed

Exposure period:

104 days

Frequency of treatnment: continuously in the diet
Post exposure period: none

Doses:

Control G oup:
NOAEL:

Resul t:

04- MAR- 2003

Speci es:

215, 750, 2500 ppmin the diet (ca. 14.3;
50; 167 ng/ kg)

yes, concurrent no treatnent

750 ppm

In the highest dose group depression of food

consunption led to | ower body weights.

The aut hors assume, that the increased |iver

wei ghts in the highest dose group are the result

of a physi ol ogi cal adaptation reaction.

The NCEL of 750 ppm was expl ai ned by the authors

with the fact that rel evant changes in organs

were only observed in the highest dose group.
(126) (127)

rat Sex:

Rout e of adm nistration: oral feed

Exposure period:

30 days

Frequency of treatnment: continuously in the diet
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Doses:

Resul t:

04- MAR- 2003

Speci es:

320, 640 ng/kg in the diet (ca. 26.7, 53.3 ng/kg)

The test substance concentration in the food | ed
to anorexia and body wei ght | oss.
In addition, the test substance was adm ni stered
in the drinking water at dose |evels of 50, 500
and 5000 ppm over a time period of 100 days.
Changes in liver morphol ogy and wei ght were
descri bed at 500 and 5000 ppm
NOCEL was 50 ppm

(128)

rat Sex:

Rout e of adm nistration: drinking water

Exposur e peri od:

14 or 49 days

Frequency of treatnment: continuously in the drinking water

Doses:

Resul t:

04- MAR- 2003

Speci es:

100, 500, 1000 ppmin the drinking water
(ca. 9.1, 45.5, 90.9 ngy/kg/d)

A dose-rel ated increase of relative liver

wei ghts was observed. In liver and kidneys

i ncreased amounts of reduced gl utathione and

i ncreased activity of m crosonmal UDP

G ucuronosyl Transferase and of Ethoxycumari ne

O Denet hyl ase were seen. Cytochrom P-450 and

NADPH- Cyt ochrom C- Reduct ase activity in the

liver were not influenced by the treatnent.
(129)

rat Sex:

Route of adm nistration: drinking water

Exposure period:

14 or 49 days

Frequency of treatnent: continuously in the drinking water

Doses: 102, 497, 1000 ppmin the drinking water
(ca. 9.3, 45.2, 90.9 ng/kg/d)

Resul t: At the two | owest doses no changes in behavior
wer e descri bed.
Dose-rel ated changes in cerebral and gli al
enzyme activity were seen

04- MAR- 2003 (130)

Speci es: r at Sex: mal e/ fenal e

Strain: Spr ague- Dawl ey

Rout e of adm ni stration: gavage

Exposure period: 28 days

Frequency of treatnent: 5 d/w

Post exposure peri od: none

Doses:

250, 500, 1000 and 2000 pl/kg (about 238,
475, 950, 1900 ng/ kg)
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Control G oup:
NOAEL :
LOAEL:

Met hod:
GLP:

Test subst ance:

Renmar k:

Resul t:

ot her: auga bi dest.
238 ny/ kg bw
475 mg/ kg bw

ot her
no
as prescribed by 1.1 - 1.4

10 mal e and 10 fenal e Sprague- Dawl ey rat s/ group
were 45 days of age when the study started.
DMF was adm ni stered by gavage 5 days/week

DMF sol utions in aqua bidest were prepared
daily. A concurrent vehicle control group run in
paral | el

Food consunption was measured daily, body weight
was determ ned tw ce weekly and clinical
synptons as well as nortality were exam ned
daily.

Clinical chem stry and hemat ol ogy were

i nvestigated 10 days before the start of the
study and in all surviving rats during the
study, directly before the |ast substance

adm ni stration. Uinalysis were perforned after
study day 21 or 22 on all surviving rats. At the
end of the study surviving aninmls were
sacrificed after a 16 h fasting-period and
macr oscopi cally exam ned. Body wei ght and
organ wei ghts of heart, liver, kidneys, spleen
thyroid, adrenals, testes, uterus and ovary were
det erm ned.

Hi st opat hol ogy was performed on heart, |ung,
thyroid, stomach, duodenum jejunum il eum
mesenteric | ynphnodes, |iver, pancreas, spleen
ki dneys, adrenals, urinary bl adder, testes and
ovaries and brain.

Statistical calculations (t-Test; x2-Test) were
done for clinical, pathological and clinica
chem stry data as well as for data from
hemat ol ogy and uri nal ysi s.

At the highest dose group all animals died,
nostly during the first 5 days of substance
application. The animals in the highest dose
group showed reduced state of health and
reduced food consunption and body wei ght gain
already after the first treatnent.
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Reliability:

Fl ag:
04- MAR- 2003

Speci es:
Strain:

At 950 ng DMF/ kg the general state of health was
reduced (in male animals already beginning in
study week 1, in fermale aninmals at the end of
study week 3) and the ani nals showed a
significantly reduced food consunption (up to
36% reduced in the males and up to 40% reduced
in the feml es) and significantly reduced body
wei ght when conpared to the controls (at the end
of the study for male aninmals 28% I ower, and for
femal e animals 21 % | ower than control).
4 male animals (on study days 7, 8, 14 and 19)
and one female animal (after 15 substance
applications) died.
Hepati c damage was represented by changes in
clinical chem stry values (increased tota
bilirubin, increased enzyne val ues, i.e. GPT,
AP) and di sturbances in kidney function were
represented by elevated urea (in 2 of 9 female
animal s) and creatinine values (in all animals
of the 950 ny/ kg dose group). Histologically an
acute to subacute henorrhagic |iver dystrophy
with necrosis was found in the animals of
this and the highest dose group
Rel ative liver weights were increased in both
sexes and relative kidney wei ghts were increased
in the mal e animal s at 950 ng/ kg.
At 238 and 475 ngy/ kg reduced food consunption in
the male animals and at 475 ng/ kg significantly
reduced body wei ght when conpared to the contro
animls (14.6% | ower than controls) were seen.
In both sexes increased relative liver weights
and in the males increased relative kidney
wei ghts were observed, however wi thout
hi st opat hol ogi cal correl ates.
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoint

(131)

r at Sex: mml e
ot her: al bi no

Rout e of adm ni stration: gavage

Exposure period:

2 weeks

Frequency of treatnment: 9 applications

Post exposure peri od: none or 11 days
Doses: 450 ny/ kg/ d
Control G oup: yes
Met hod: ot her: no data

GLP: no

UNEP PUBLICATIONS 117



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Test substance:

Resul t:

16- AUG 2000

Speci es:

other TS: N, N-di net hyl formam de technical, no
further data

Admi ni stration of the test substance (as a 10%
aqueous solution) to a group of 6 rats resulted
in transitory disconfort, reduced body wei ght
gai n, and increased water consunmption in the
dosed group. No deat hs occurred.
Three ani mal s/ group were sacrificed i nmediately
after term nation of dosing. Necropsy of these
ani mal s reveal ed hi stol ogi cal evidence of a mld
liver injury. The renmni ning ani mals were
sacrificed after a rest period of 11 days; these
rats exhi bited no pathol ogical |esions. During
the recovery period, the rate of body wei ght
gain was parallel to that of control animals,
but at a | evel that was 40 g | ower.

(105) (132) (133)

rat Sex:

Rout e of adm nistration: dermal

Exposure period:

28 days

Frequency of treatnment: daily or intermttently (1920 ng/ kg)

Doses:

Resul t:

04- MAR- 2003

Speci es:

960, 1920 ny/ kg

After 4, 8, 14 and 28 days functional,

bi ochem cal and pat honor phol ogi cal changes were
described for the liver and the lipid

met abolism After intermttent exposure to 1920
ng/ kg these changes shoul d have been nore

di stinct.

Rout e of adm ni stration: dernmal

Exposure period:
Doses:
NOAEL:

Resul t:

04- MAR- 2003

Speci es:

(134)
rat Sex:
30 days
215, 430, 960, 4800 ny/kg
= 215 ng/ kg

Dose-rel ated changes in GOT, GPT, alcaline
Phosphat ase, Cholinesterase, GGT and in the
lipid fraction in the serumand in the liver
honbgenate were descri bed.
The NOAEL was 215 ng/ kg.

(135)

rat Sex:

Rout e of adm nistration: dermal

Exposure period:

30 applications
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Frequency of treatnent:
Doses:

daily
0.5 m/kg (475 ng/ kg)

Resul t: After the dermal treatnent nentioned, the
animals were treated once with 11.8 m /kg
(11. 140 ng/ kg corresponding to the dermal LD50).
Thereafter all animals died within 48 hours.
Due to this finding the authors deduce a
cumul ative effect and no adaptation, because the
30-day dermal pretreatnent did not show any
protective effect.

04- MAR- 2003 (136)

Speci es: nouse Sex: mal e/fenal e

Strain: B6C3F1

Rout e of adm nistration: inhalation

Exposure peri od: 12 weeks

Frequency of treatnment: 5 d/w, 6 h/d

Post exposure peri od: none

Doses: 150, 300, 600, 1200 ppm (ca. 0.45, 0.91

1.82, 3.63
g/ 1)

Control G oup: other: air

NOAEL : 300 ppm

LOAEL: 600 ppm

Met hod: ot her

GLP: no data
Test subst ance: ot her TS: Di nmethylformam de, no further data
Remar k: Whol e- body exposure to DMF vapor was tested in

each 10 mal e and femal e m ce/ group. The ani mals
were observed twice daily for nortality and
overt signs of toxicity. Detailed clinical
observati ons were obtai ned weekly and body

wei ght s bi weekl vy.

At sacrifice at | east
were investigated for
and hemat ol ogy.

Gross necropsy exam nations were made on all

5 mce per
clinical

sex and group
| aboratory tests

ani mal s, histopathol ogy was done on sel ected
tissues (lungs, heart, liver, thynus, spleen,
pancreas, kidneys and testes).

Dunnett's t-test was used for
clinical
controls.

body wei ghts and
pat hol ogy paraneters in conparison to
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Resul t:

25- OCT- 2000

Speci es:
Strain:

At 1200 ppm 40% (8 aninmals, 5 males, 3 females)
of the mce and at 600 ppm 10% (2 mal es) of the
m ce died or were sacrificed nori bund. One nal e
mouse was found dead at 150 ppm Acci dental
deaths in single animls and single aninmals
wi t hdrawn fromthe study for various other
reasons were evenly distributed anongst the five
concentration | evels.
Di scolored livers and/or alterations in
consi stency were the main findings at gross
necropsy at both high concentrations.
M croscopically 4/ 16 animls of the 600 ppm
group and 4/10 mce of the 1200 ppm group showed
areas of collapse (accd. to the authors residual
of necrosis) or liver necrosis and one nouse of
the 300 ppm group showed a | arge area of
coagul ative necrosis. Two mice of the highest
concentration group that died 71 and 76 days
after exposure started, exhibited hepatic single
cell necrosis. Hepatic cytonmegaly around centra
veins was seen in all exposed groups and the
i nci dence and severity were dose-rel ated.
According to the authors the MID was bel ow
600 ppm

(110) (111)

nmouse Sex: mal e/ femal e
B6C3F1

Rout e of adm nistration: inhalation

Exposure period:

13 weeks

Frequency of treatnent: 5 days/week, 6 hours/day
Post exposure peri od: none

Doses:

Control G oup:
NOAEL :
LOAEL:

Met hod:

Year :

GLP:
Test subst ance:

50, 100, 200, 400, 800 ppm (ca. O0.15,
0.30, 0.61, 1.21, 2.43 ng/l)

yes, concurrent no treatnment

ca. 400 ppm

ca. 800 ppm
ot her: NTP study
1992
yes

other TS: N, N-dinethylformam de, purity: > 99%
according to Karl Fischer water analysis,
nonaqueous am de functional group

titration and two gas chromat ographic systens.

Remar k: 10 m ce per sex and group were exposed by whol e-
body exposure to DMF vapors at concentrations of
0, 50, 100, 200, 400 and 800 ppm 6 h/day, 5
days/ week for 13 weeks.
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Resul t:

Mce were 46 days of age at the first exposure.
Ani mal s were observed twice daily for nortality
and noribundity. Body wei ghts were neasured
weekly and at necropsy. Moreover sperm

nmor phol ogy and vagi nal cytol ogy eval uati ons were
performed on m ce exposed to O, 50, 200 and
800 ppm DMF. Epi didymal spermnotility was

eval uated at necropsy and vagi nal cytol ogy was
done by vagi nal |avage with saline during the 2
weeks just before necropsy.

At study termination mce were killed and

conpl ete necropsies performed. Exam nation for
gross | esions was done and wei ghts of liver,

t hymus, both kidneys, both testicles, heart and
l ungs were recorded. The target organ, i.e. the
l'iver was mcroscopically examned in all dose
groups and the follow ng tissues were exam ned
m croscopically fromall control and high dose
group-ani mal s: adrenals, brain, epididyms,
sem nal vesicles, prostate, testes, ovaries,

ut erus, esophagus, eyes (if grossly abnormal),
femur with marrow, gall bl adder, gross

| esions and tissue masses with regional |ynph
nodes, heart, aorta, intestines, kidneys,
larynx, liver, lungs, |ynph nodes, mammuary gl and
wi t h adjacent skin, nasal cavity and turbinal es
pancr eas, parathyroid glands, pharynx (if
grossly abnormal ), pituitary, salivary gl ands,
spl een, skeletal nuscle, stomach, thynus,
thyroid, trachea, urinary bladder and vagi na.

The anal ytical concentrations in ppm determ ned
by infrared anal ysis during the study were O,
50.2 +/- 1.69, 98.6 +/- 2.17, 198.1 +/ - 5. 34,
401.3 +/- 10.13 and 804.6 +/- 19.89 for the
target concentrations of 0, 50, 100, 200, 400
and 800 ppm respectively. (remark: the

anal yti cal values were hardly readabl e, so that
there m ght be some wrong numbers quoted).

No substance-induced nortality was observed. 5
mal e m ce died of undeterm ned causes during the
study, 3 in the | owest exposure group and one,
each at 100 and 200 ppm thus suggesting that
DMF exposure was not involved. Al female

m ce survived until term nation of the study.
Body wei ght gains were slightly reduced
(approximately 29% 1| ess than controls) in fenale
nm ce exposed to 800 ppm
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Reliability:

Fl ag:
05- MAR- 2003

Speci es:
Strain:

Rel ative liver weights were increased in both
sexes at all exposure concentrations wthout a
cl ear dose-response relationship. Mnimal to
mld cenril obul ar hypertrophy was observed in
all groups of male mice and in feml e mce
exposed at 100 ppm and hi gher concentrati ons.
In femal es there was a significant trend toward
an increase in the estrous cycle | ength, however
significantly prolonged estrus and di estrus was
observed only in femal es exposed to 200 ppm
In summary , hepatocellul ar hypertrophy or
i ncreased |liver weights occurred at all exposure
concentrations and body wei ght gain was reduced
in the femal es at the highest concentration
t est ed.
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoint

(119)

mouse Sex: mal e/ fenal e
other: Crl:CD1 (ICR)BR

Rout e of adm nistration: inhalation

Exposure peri od: 18 nont hs

Frequency of treatnment: 5 d/w, 6 h/d

Post exposure peri od: none

Doses: 25, 100, 400 ppm (about 0.08, 0.30, 1.21
g/ 1)

Control G oup: yes

NOAEL : ca. 25 ppm

LOAEL: ca. 100 ppm

Met hod: ot her: no data

GLP: no data

Test substance:

ot her TS: N, N-di net hyl f ormam de, 99. 9% pure, no
further data

Remar k: N, N- di et hyl f or mam de was i nvestigated in groups
of 78 male and 78 fenmal e young adult mce. The
m ce were approx. 55 days of age at the
begi nni ng of the study. The aninmals were
exposed by whol e- body exposure to DVMF vapors at
concentrations of 0, 25, 100 and 400 ppm The
concurrent control (0 ppm) was exposed to
dehum dified air al one.
Exam nati ons on body wei ght, organ weights,
opht hal nroscopy, and a conpl ete necropsy
i ncluding m croscopical exam nation were carried
out .
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Resul t:

Hemat ol ogy was i nvestigated at 3, 6, 12

and 18 nmonths in each 10 nale and 10 femal e
ani mal s/ group.

Estrous cycle evaluation was done in all female
animals in the 0 and 400 ppm groups fromtest
day 107 to test day 131.

Cell proliferationn in the liver was
investigated after 2 weeks, 3 nonths and 12
months in five randomy sel ect ed ani nal s per sex
and group. Livers fromanimals in the 0 and
400 ppm groups were i nmmunhi stochem cally
eval uat ed.

Survival in treated male and femal e m ce was
simlar to that in the concurrent control group
(rmal e animal s: 56, 68, 60 and 59% for 0, 25, 100
and 400 ppm respectively; femal e aninmls: 68,
57, 62 and 76% respectively). There were no
conpound-rel ated di fferences in hematol ogy
paranmeters and no significant differences with
respect to estrous cycle eval uations or

opht hal noscopy.

In mal e ani mal s exposed to 100 and 400 ppm and
in female mce at 400 ppma significant increase
in absolute and relative liver weights together
wi t h hepatocel |l ul ar hypertrophy was observed.
M croscopy reveal ed hepatic changes (mninmal to
m | d hepatocel lular hypertrophy) in all treated
groups with the incidence being dose-rel ated.

I ndi vi dual hepatocellul ar necrosis was seen in
all groups with the incidence being greater in
the DMF-treated groups.

M nimal to noderate Kupffer cell hyperplasia
with accunul ati on of |ipofuscin and henosiderin
was al so observed in all groups again with the
i nci dence being greater in the DMFtreated
animls. A dose-related increase in m xed foci
in the liver was seen in the males and a higher
i nci dence of eosinophilic foci was seen in both
sexes of the treated groups when conpared to the
concurrent control aninals.

Cell labeling indices in the liver showed no
conpound-rel ated effect at any exposure |evel.
No conmpound-rel ated | esi osn were observed in the
nose or respiratory tract at any exposure |evel.
The exposure of mce to DMF over a tinme period
of 18 nonths was not oncogenic at concentrations
up to 400 ppm

A NCEC was not achieved in mce due to

nor phol ogi cal changes seen in the liver at al
three test concentrations.
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However, according to the authors, the NOEC is
expected to be close to 25 ppm due to the
m ni mal changes observed at this concentration.
09- APR- 2001 (122)
Speci es: nouse Sex: mal e/fenal e
Strain: ot her: Swi ss Webster CD-1

Rout e of adm nistration: oral feed

Exposure period:

119 days

Frequency of treatment: continuously in the diet
Post exposure peri od: none

Doses:

Control G oup:
NOAEL :

Resul t:

05- MAR- 2003

Speci es:

160, 540, 1850 ppmin the diet (ca. 20,
67.5, 231.25 ny/kg)

yes, concurrent no treatnent

160 ppm

M d and hi gh dose levels led to hypertrophy of
the liver(increased size of liver cells) and
hepat onmegal y.
Ot her significant effects were not observed.
The authors assunme, that the liver hypertrophy
is the result of a physiological adaptation to
t he metabolismof foreign substances.
For other significant effects (body weight,
bi ochem cal paranmeters) a dose-relationship is
m ssi ng.
The finding of a retinopathy observed in al
Groups (including the control group) is,
according to the authors, nost likely
genetically determ ned.

(126) (137)

nmouse Sex:

Rout e of adm nistration: oral feed

Exposure peri od:

30 or 119 days

Frequency of treatment: continuously in the diet

Doses:
Resul t:
05- MAR- 2003

Speci es:
Strain:

620, 1240 ng/kg in the diet (ca. 77.5,

155 ng/ kQg)
Fi ndi ngs were anorexia and body wei ght | oss.
(138)
nouse Sex:

ot her: desert nouse

Rout e of adm nistration: drinking water

Exposure period:

6 - 200 days

Frequency of treatment: continuously in the drinking water

Doses:

10000, 17.000, 34.000 ppmin the drinking
wat er (ca. 2000, 3400, 6800 ny/kg/d)
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Resul t: The hi ghest dose of 34000 ppm adm ni stered over
a period of 6 days led to nortality (findings:
livercell necrosis).
The cunul ative LD50 was 3846 ngy/ kg bw.
The dose of 17000 ppm gi ven over 80 days |ed
also to nortality and livercell necrosis. The
cunul ati ve LD50 was 90206 ng/ kg bw in this case.
10000 ppm gi ven over 200 days led to livercel
necrosis and to the death of 25% of the aninmals.
Over a tine period of 30 days the dose of 10000
ppm di d not cause changes in liver, kidneys of
body wei ghts.

05- MAR- 2003 (139)

Speci es: rabbi t Sex:

Rout e of adm nistration: inhalation

Exposure peri od: 50 days

Frequency of treatnment: daily; 8 h/d

Doses: 0.12 ng/|

Resul t: The aut hors describe mcroscopical and electron
m croscopi cal changes in the nmyocardi um

05- MAR- 2003 (140)

Speci es: rabbi t Sex: no data

Strain: no data

Rout e of adm nistration: inhalation

Exposure period: 10 nont hs

Frequency of treatnent: daily; 6 h/d

Post exposure period: no data

Doses: 0.91 nmg/1 (300 ppm

Control G oup: yes, concurrent no treatnment

Met hod: ot her: no data

GLP: no data

Test substance: ot her TS: N, N-di net hyl formam de, no further data

Resul t: No clinical evidence of liver or kidney danage.

05- MAR- 2003 (118)

Speci es: r abbi t Sex:

Rout e of adm nistration: dernmal

Exposure peri od: 25 days

Frequency of treatnment: daily; 2 h/d

Doses: 1000 ny/ kg

Resul t: After 5 to 8 days local hyperem a and slight
infiltration as well as scaling were seen

05- MAR- 2003 (116)
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Speci es: rabbit Sex: no data
Strain: other: no data

Rout e of adm ni stration: dernmal

Exposure period:

2 weeks

Frequency of treatnment: 9 applications
Post exposure period: 4, 11 days

Doses:
Control G oup:

Met hod:

GLP:
Test substance:

Resul t:

16- AUG 2000

Speci es:
Strain:

2000 ng/ kg/ d
yes

ot her: no data
no
ot her TS: N, N-di nethyl formam de technical, no

further data

Adm ni stration of the test substance to a group
of 6 rabbits resulted in reduced body weights in
t he dosed group. Three animals were found dead 2
days after the 5th application, one died 2 days
after the 9th application.
The remaining 2 rabbits were sacrificed 4 and 11
days after the 9th application. Only 2 of the
animls that died had sufficiently well
preserved tissues for a histol ogi cal appraisal;
t hese ani mal s exhi bited hi stol ogi cal evidence of
liver injury. In the rabbit sacrificed 4 days
after the last dosing, focal acute inflammatory
| esions of the lungs and ki dneys and chronic
inflanmatory | esions of the |iver were found,
however, according to the authors, this was not
substance-rel ated. The animal sacrificed 11 days
after the |l ast dosing exhibited only chronic
nephritis.

(105) (106)

rabbi t Sex: no data
no data

Route of adm nistration: oral unspecified

Exposure period:

max. 53 days

Frequency of treatnment: wup to 35 applications

Post exposure peri od: none

Doses: 475 mgl kg

Control G oup: no

Met hod: ot her: no data
GLP: no

Test subst ance:

as prescribed by 1.1 - 1.4

Resul t: The investigations do not nmeet present standards
(only 2 animls used).
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After 14 or 35 admi nistrations, the aninmals
died after 23 and 53 days, respectively.
Since the rabbits suffered under a purul ent
br onchopneunoni a during the investigation, the
rel evance of the described findings (henmatol ogy)
i s questionabl e.
05- MAR- 2003 (76)
Speci es: cat Sex: no data
Strain: no data
Rout e of adm nistration: inhalation
Exposure period: 10 mont hs or 10 weeks
Frequency of treatnent: daily; 6 h/d
Doses: 0.91 ng/l (300 ppm for 10 nonths), 3.03
mg/ 1 (1000
ppm for 10 weeks)
Control Group: yes, concurrent no treatnment
Met hod: ot her: no data
GLP: no data
Test substance: other TS: N, N-di nethyl formam de, no further data
Resul t: There was no clinical evidence of liver or
ki dney damage in cats exposed to 300 ppmfor 10
nmont hs. The inhal ati on of 1000 ppm for 10 weeks
did not result in any clinical or histol ogical
evi dence of liver injury.
05- MAR- 2003 (118)
Speci es: cat Sex: no data
Strain: no data
Rout e of adm nistration: oral unspecified
Exposure peri od: 28 days
Frequency of treatnent: 8 applications
Post exposure peri od: no data
Doses: 475 ngl kg
Control G oup: no
Met hod: ot her
GLP: no
Test substance: as prescribed by 1.1 - 1.4
Resul t: The investigations do not neet today's standards
(only 2 aninmals used). Reduced body wei ghts and
changes in hematol ogi cal paraneters were seen.
05- MAR- 2003 (76)
Speci es: dog Sex:
Rout e of adm nistration: inhalation
Exposure peri od: 28 days
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Frequency of treatnment: daily; 6 h/d

Doses:

Resul t:

05- MAR- 2003

Speci es:
Strain:

0.063 mg/ |

GOT, GPT, bilirubin, urea and creatini ne val ues

in the plasma were normal.
(141)

dog Sex: no data
no data

Rout e of adm nistration: inhalation

Exposure peri od:

100 exposure days

Frequency of treatnment: 6 hours / day

Post exposure peri od: no

Doses: 0,061 mg/1 (20 ppm

Control G oup: yes

Met hod: ot her: no data

GLP: no data

Test substance: ot her TS: N, N-di nmet hyl formam de, no further data

Resul t: In the range of 0,0652 ng/l dogs survived nore
t han 100 exposure periods of 6 hours each and
showed no gross or microscopic pathol ogy, but
showed a functional drop in systolic blood
pressure.

05- MAR- 2003 (89) (142) (143) (144)

Speci es: dog Sex: no data

Strain: no data

Rout e of adm nistration: inhalation

Exposur e peri od:

3 weeks

Frequency of treatnent: 6 hours/day, 5 days/week
Post exposure peri od: 4 weeks

Doses:
Control G oup:

Met hod:
GLP:
Test substance:

50 ppm (about 0.15 ng/L)

ot her: dogs used served as their own
control during a prelimnary contro
peri od

ot her
no
ot her TS: Dinethyl formam de, no further data

Remar k: Two dogs were exposed to 50 ppm DMF over a
peri od of 3 weeks. Studies of the circul ation
and heart sounds were nade daily before and
after treatnment and during the 4 week
observation peri od.
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Resul t:

22- AUG 2000

Speci es:
Strain:

Bot h dogs becane abnormal (with respect to
circulation findings) during the first week of
treat ment and renmmi ned abnornmal throughout the
treatnment period. During the 4 weeks follow ng
treatment one of the two dogs recovered, the
ot her showed only very little inprovenent.
The results of these two dogs were conparable to
t hose obtained in a forner study, when four dogs
were fed DMF over a period of 10 - 12 weeks at a
dose of 25 ng/kg (for 10 weeks) and 50 ny/ kg
(for additional two weeks), respectively.
Concerni ng heart sound studies, the aninals
did not show a significant nunber of abnornm
readi ngs during or follow ng the treatnent
period. The general trend of the readings
i ndicated a gradual increase of the heart nuscle
tonus.

(121)

dog Sex: mal e/ fenal e
Beagl e

Route of adm nistration: oral feed

Exposur e peri od:

13 weeks

Frequency of treatnment: continuously in the diet

Post exposure peri od: none
Doses: 40, 200, 1000 ppmin the diet
(corresponding to 1.4,7.0, 34.8 ng/kg)

NOAEL : > 1000 ppm

Met hod: OECD Cui de-line 409 "Subchronic Oral Toxicity-
Non-r odent :
90- day Study"

Year: 1981
GLP: no

Test substance: as prescribed by 1.1 - 1.4

Resul t: Nei t her clinical nor norphol ogical signs of
toxicity were observed.

01- SEP- 1997 (145)

Speci es: dog Sex: no data

Strain: no data

Rout e of adm nistration: oral feed

Exposure period:

10-12 weeks see under renmarks

Frequency of treatnment: daily, 5 d/week
Post exposure peri od: none

Doses:

25 ng/ kg (for the first 10 weeks), 50
nmg/ kg (for an additional 2 weeks)
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Control G oup:

Met hod:
GLP:

Test substance:

Renmar k:

Resul t:

22- AUG 2000

Speci es:

other: the animals used in the experinent
were their own controls during a
prelimnary control period, duration not
further specified

ot her
no
ot her TS: Di net hyl formam de, no further data

Four dogs were fed DMF for a period of 10 weeks
(5 days a week) at a dose of 25 ng/kg. For an
addi ti onal 2 weeks they received 50 ng/kg.
During the control period and the treatnent
period the animals were exam ned twi ce daily for
changes in the circulation and at definite
interval s bl ood and urine sanples were
i nvesti gat ed.
Heart sound readi ngs were made before and after
exposure each day.
According to the authors all four dogs becane
definitely abnormal during the first week of
treatnent, thereafter the dogs seened to becone
acclimatised to the treatnent.
Concerning the bl ood pressure one dog returned
to normal, two other dogs showed a slight
i mprovenment during treatnment but renmained stil
abnormal and one dog, which showed poor
condition already during the control period
remai ned quite abnormal during treatnent.
Doubling the daily dose of DMF for the last two
weeks of treatnment did not alter the trend
of the blood pressure scores. Body wei ght and
bl ood and urine anal yses were normal throughout
the experinent. Wth the exception of one dog
showi ng sonme lynphatic infiltration in a few of
the portal areas in the liver, there were no
findings at necropsy.
Concerning the heart sound readings, two dogs
(one whi ch showed poor conditi on, see above) did
not show any significant no. of heart sound
readi ngs during treatnent, although the general
trend of the readings indicated a depression of
t he muscle tonus. The two ot her dogs showed
abnormal readi ngs characteristic of an increased
irritability of the heart nuscle.

(121)

dog Sex:

Rout e of adm nistration: oral unspecified

Exposure period:

12 weeks
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Frequency of treatment: 5 d/w
Doses: 25 mg/ kg (weeks 1-9); 50 ng/ kg (from week
10 onwar ds)

Resul t: Wth the exception of a drop in systolic bl ood
pressure no other signs of toxic effects were
observed.

05- MAR- 2003 (146)

Speci es: gui nea pig Sex: no data

Strain: no data

Rout e of adm nistration: dermal

Exposure period: up to 8 days

Frequency of treatnment: once daily

Post exposure peri od: no

Doses: 10 m (ca. 9500 mg), ca. 13000 ny/kg

Control G oup: yes

Met hod: ot her: no data

GLP: no data

Test substance: other TS: N, N-di nethyl formam de, no further data

Remar k: The treated animals died after 7-8 applications.
Significantly decreased food consunption was
recorded; convul sions were observed. Necropsy
reveal ed hyperem a of the internal organs and
damage of the liver and the spleen.

05- MAR- 2003 (147)

Speci es: nonkey Sex: mal e/fenal e

Strain: ot her: Cynonol gus

Rout e of adm nistration: inhalation

Exposure peri od: 2 weeks

Frequency of treatnment: 6 h/d, 5 d/w

Post exposure peri od: no data

Doses: ca. 1.52 ng/l (500 ppm

Control G oup: no

Met hod: ot her: no data

GP: no data
Test substance: ot her TS: N, N-di net hyl f ormam de, no further data
Remar k: Two adult nonkeys were exposed. One nonkey was

exposed "head-only",
"whol e-body" to determ ne whet her

t he ot her was exposed
the toxic

effects or the pharmacokinetic profile of the
test substance were altered by the two
exposure routes.
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Pl asma N, N- di net hyl f or mam de ( DVF)
and N- et hyl f ormam de (NMF) were measured
in blood collected at various tine intervals
after first and | ast exposure.
The peak plasma DMFand t he DMF AUC ( ( AUC=ar ea
under curve) values were markedl yhi gher
foll owi ng whol e-body exposure conpared with
val ues obtained after head- only exposure,
strongly supporting the contribution of dernal
gaseous absorption to the circul ati ng DVF
| evel s.
05- MAR- 2003 (148)
Speci es: nmonkey Sex: mal e/fenal e
Strain: ot her: Cynonvol gus
Rout e of adm nistration: inhalation
Exposure peri od: 13 weeks
Frequency of treatnment: 5 d/w, 6 h/d
Post exposure peri od: addi tional 13 weeks with no exposure for

Doses:

Control G oup:
NOAEL:

Met hod:
GLP:
Test substance:

Rermar k:

additional 2 nal e nonkeys/exposure group
(see under remarks)

30, 100, 500 ppm (about 0.09, 0.3, 1.5
g/ 1)

yes, concurrent no treatnent

500 ppm

ot her: no data
yes
ot her TS: N, N-Di net hyl formanm de, 100% purity

The study was performed to characterize the
toxic effects of DMF in Cynonol gus nonkeys
followi ng 13 weeks of inhalation exposure.

The aimwas to determ ne the target organ

ef fects, concentration response, a NOAEL, to
measur e sel ect ed pharnmacoki ntetic paraneters,
eval uate potential toxic effects on the nale and
femal e reproductive system exam ne differences
in response between sexes and to evaluate
potential specinen differences in toxic
responses(conparison with literature data)
foll owi ng exposure to DMF vapors.

A total of 20 male and 12 adult fenal e nonkeys
were required for this study.

Thr ee nonkeys/ sex/ exposure group were exposed to
the three concentrations of DMF (30, 100 or 500
ppm) or filtered roomair (concurrent control).
In addition, two mal es per exposure group were
desi gnated as the post-exposure group.
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Resul t:

Test subst ance:

Reliability:

Fl ag:
05- MAR- 2003

Type:
Speci es:
Strain:

The post-exposure group was held for 13
addi ti onal weeks with no exposure and was then
necr opsi ed.
The effects of the test substance were studied
in groups of 5 nmale and 3 femal e nonkeys (two
mal es/ group served as additional animals for the
post - exposure period).
There were no early deaths in this study and al
animls were sacrificed on their schedul ed day
of necropsy. There were no treatnment-rel ated
findings in the 13 week inhalation study except
possible alterations in the nenstrual cycle of
DMF exposed fenmal es. The nenstrual cycle of 1
| ow dose group female, 2 m d dose femal es and
all high dose females were altered in | ength.
According to the authors, the subchronic
exposure of cynonmol gus nonkeys to DMF did not
cause any adverse health effects (liver
function, sperm production, and spermnotility
appeared unaffected). Wth respect to the
possi bl e increase in nensis length with exposure
to DMF and its relevance, the experts
conclusions were that while the data are
suggestive of an effect, there is no confirmnmed
evidence that DMF caused an effect on nenstrua
cycl e because of the nonkeys recent inportation
hi story and | ack of preexposure data.
t hese data were not conpletely evaluated at the
time of publication.
N, N- di met hyl f or mami de; total contam nation |eve
was | ess than 0.5% of the DMF concentration
(based upon FID raw peak area ratios)
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(149)

Sub- chronic
nonkey Sex: mal e/fenal e
ot her: cynonmol gus nonkey

Rout e of adm nistration: inhal ation

Exposure period:

13 weeks

Frequency of treatnment: 6 h/d; 5 days/week
Post exposure peri od: Two mal es were maintained for a further

Doses:

Control G oup:

13-wk observation period after exposure
0, 30, 100, 500 ppm (0O, 90, 300, 1500

mg/ n#)
yes
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Remar k: 3 ani mal s/ sex/ group; the protocol included
m croscopi ¢ exanmi nation of a conprehensive range
of organ tissues in all animals.Sperm norphol ogy
and vagi nal cytol ogy were al so evaluated in al
ani mal s.
There were no overt sign of toxicity and no
effects on body wei ght gain, haematol ogy,
clinical chem stry, urinalysis, organ weights,
or histopathol ogical effects attributable to
DMF (N, N- Di net hyl formam de) in nonkeys exposed
to up to 500 ppm
Reliability: (4) not assignable
second quot ation
27- MAY- 2003 (150)
Speci es: other: cat, rabbit, rat, nouse Sex:

Rout e of adm nistration: inhalation

Exposure peri od:

Doses:
Control G oup:

Met hod:

21 days
Frequency of treatnment: 5 d/w;, 7 x 3 h/d followed by 8 x 5 h/d
10 ng/ |
no
ot her
no

GLP:
Test substance:

Resul t:

05- MAR- 2003

Speci es:

as prescribed by 1.1 - 1.4

Besi des one cat, one rabbit, 4 rats and 10 m ce

were used in the present investigation that does

not neet today's standards.

Wth the exception of changes in hematol ogy in

the cat no other overt findings were described.
(76)

other: cat, rabbit, rat, npuse Sex:

Rout e of adm nistration: inhalation

Exposure period:

3 days

Frequency of treatnent: 3 h/d
Post exposure peri od: 8 days

Doses:

Control G oup:

Met hod:
GLP:
Test subst ance:

12.5 nmg/| (vapors generat ed by heating of
5 g of the test substance to 180 degrees
0
no

ot her
no
as prescribed by 1.1 - 1.4
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Resul t: In an inhalation cage with a volunme of 400 L,
one cat, one rabbit, 4 rats and 10 mce were
exposed to vapors generated by heating of 5g DV
up to 180° C.
After 30 to 40 minutes the entire anount of the
Wei ghed |iquid was evapor at ed.
Vapor concentration was 12.5 ng/L.
The cage tenperature increased from19 to 26° C
Duri ng exposure and in the follow ng 8 days
after exposure none of the animals used showed
toxic effects.
Urinalysis did not reveal any changes.
The cat showed a slight increase in henogl obin
concom tant with a slight and transient increase
in the nunmber of erythrocytes.
One mouse died 3 days after the | ast exposure,
necropsy was nmacroscopically w thout any
findi ng.
05- MAR- 2003 (76)
Speci es: other: cat, rabbit, rat, nouse Sex:
Rout e of adm nistration: inhalation
Exposur e peri od: 3 days
Frequency of treatnment: 1.+ 2. day: 6 h; 3. day: 7.5 h.
Post exposure peri od: at | east 5 days
Doses: 1. day: 18 ng/l, 2. day: 20 ng/l, 3. day:
30 ng/|
Control G oup: no
Met hod: ot her
GLP: no

Test substance:

Resul t:

as prescribed by 1.1 - 1.4

DMF was heated up to 90-100° C and a current of
air (200 L/h) was conducted over the heated test
substance. The generated DMF enriched air was
conducted into a gl ass cage where one cat, one
rabbit, 4 rats and 10 m ce were exposed.

The cat showed | acrimation after the first
exposure peri od.

Later purulent rhinitis, |eucocytosis and
purul ent conjunctivitis were observed in the
cat. The animal died 5 days after the | ast
exposure. In rats and the nmce no overt

signs of toxicity were observed during exposure.
Two days after the second exposure one rat and 4
m ce died and after the third exposure another
nouse di ed.
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At necropsy slight congestion of |lung and spl een
and a noderate fatty infiltration were seen

05- MAR- 2003 (76)

Speci es: ot her: cat, rabbit, rat, nouse Sex:

Rout e of adm nistration: inhalation

Exposur e peri od: 1 - 3 days

Frequency of treatnent: 5 - 6 h/d

Post exposure peri od: 8 days

Doses: 75, 125, 150 ng/|

Control Group: no

Met hod: ot her

GLP: no

Test substance: as prescribed by 1.1 - 1.4

Resul t: DMF was heated up to 100° Cin a water-bath and
t he generated vapor was conducted via a current
of air (400 L/h) into a cage where one cat, one
rabbit, 4 rats and 10 m ce were exposed.
Subst ance concentration in the cage was 75 ng/L
on the first, 125 nmg/L on the second and 150
nmg/L on the third day.
The ani mal s were exposed partly only at one
exposure day, partly at all three exposure days.
After single exposure for sonme hours nost of the
rats and m ce showed tonic-clonic convul sions or
signs of narcosis, about half of the aninmals
di ed.
After the third exposure cat and rabbit showed
overt findings (salivation, accelerated
breat hing, strong excitation, redness of the
ears). The animals died during exposure or some
hours | ater.
Wth the exception of fatty infiltration in the
liver of the cat and broncho-pneunonic foci in
the lungs of the rabbit, no other pathol ogica
findings were observed at necropsy.

05- MAR- 2003 (76)

Speci es: ot her: cat, rat Sex:

Rout e of adm nistration: inhalation

Exposure peri od:

up to 120 days

Frequency of treatnment: 8 h/d; on working days
Doses: 100, 230, 450 ppm(ca. 0.3, 0.7, 1.36
g/ 1)

Resul t: The hi ghest dose (450 ppm) led to nortality in 2
cats after 28 and 48 hours and in 6/16 rats
within 56 days.
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At the | owest dose of 100 ppm after a tine
period of 120 days body wei ght | oss and
livercell necrosis were seen in rats and cats.
According to other descriptions of the

i nvestigations (Massmann W, Zbl. Arbeitsnedi zin
6, 1956) as well as due to the insufficient
performnce of the experinment the rel evance

of the results is questionable.

05- MAR- 2003 (151) (152)

Speci es: ot her: cat, rat Sex: no data

Route of adm nistrati on: inhalation

Exposure period: 2 nont hs

Frequency of treatnent: 6 h/d

Doses: 1000 ppm (ca. 3.03 mg/ 1)

Met hod: ot her: no data

GLP: no data
Test substance: as prescribed by 1.1 - 1.4
Remar k: No toxic effects on liver or kidney were
observed in both species.

05- MAR- 2003 (153)

Speci es: ot her: rabbit, guinea pig, rat, Sex:
nouse, dog

Strain: no data

Route of adm nistration: inhalation

Exposure period: 58 days

Frequency of treatnent: 5 d/w, 6 h/d

Post exposure period: none

Doses: 23, 426 ppm (ca. 0.07, 1.3 nmg/l)

Control G oup: yes

Met hod: ot her

GLP: no
Test substance: other TS: N, N-di net hyl formam de, no further data
Remar k: Dose | evel s used were: 23 ppm (the first 5.5

hours per exposure); 426 ppm (about 1.3 ng/L,
for an additional half an hour at the end of
each exposure).

The sanpl es of DMF used in the present study
were obtained froma plant, the materi al
represented the material in use in the plant.
Ani mal s used in this experinment consisted of 10
male and 10 fermale rats, 10 female mice, 10 nale
guinea pigs, 2 male and 2 femal e rabbits and 4
mal e dogs.
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Equal nunbers of control animls were used.
Controls were exposed daily for 6 hours to a
current of air.
There were no clinical signs of toxicity and no
effects on the body weights in all animls but
dogs.
Body wei ght of the dogs was maintained but in 2
of 4 dogs cardiovascul ar effects devel oped. In
all four dogs degenerative anatom cal changes
were found in the heart nuscle.
Changes in the functional status of the |iver
were observed in rats, rabbits and dogs. Plasma
chol esterol was increased in rats, rabbits and
one dog. The dog al so showed increased al kaline
phosphat ase activity and a slight increase in
the activity of plasma cholinesterase. The fat
content of the livers was slightly increased in
rats. Liver weights were increased in all but
gui nea pigs, but only the livers of mce
were significantly heavier than controls.
Hermat ol ogi cal investigations reveal ed changes
only in three dogs that showed a significant
increase in thickness and nunber of the red
bl ood cells.
There were pathol ogy findings in a nunber of
organs, however the nmajor effect of DW
i nhal ati on was on the heart, Iliver,
pancreas, kidneys, adrenals and thynus.

(154) (155)

Resul t:

05- MAR- 2003

r odent Sex:
i nhal ati on

18 weeks

6 d/w, 6 h/d

0.022 ny/ |

Speci es:

Rout e of adm ni stration:
Exposure period:
Frequency of treatnent:
Doses:

rabbits were al so

Resul t: Besi des the rats,

i nvesti gat ed.

The rats showed changes in the liver,
the rabbits did not.

At a concentration of 317 mg/nm38 (6 h/d, 6

d/ week) the rabbits showed changes in the |iver
function and norphol ogy.

wher eas

05- MAR- 2003 (156)

5.5 Genetic Toxicity 'in Vitro'

Type:
System of testing:
Met abol i ¢ acti vati on:

Anmes test
Sal nonel | a typhi murium
with and wi t hout
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Resul t:
Test substance:

Renmar k:

05- MAR- 2003

Type:

System of testing:
Met abol i ¢ acti vati
Resul t:

Test substance:

Remar k:

06- MAR- 2003

Type:
Resul t:

06- MAR- 2003

Type:

System of testing:
Resul t:

Rermar k:

06- MAR- 2003

Type:
System of testing:

Rermar k:

negative
ot her TS: N, N-di net hyl formam de, no further data

These publications are sunmaries of several Anes

tests.

Tester strains nentioned are: TA98, TA100,

TA13535, TA1537, and TA1538 (deSerres and Ashby,

1981).

Only secondary literature; no further data.
(157) (158) (159) (160)

Anmes test

Sal nronel l a typhi murium TA 98, TA 100
on: with

anmbi guous

ot her TS: N, N-di nethyl fornmam de, no further data

In the present investigation a fluctuation test
with metabolic activation through primary
hepat ocyt es was used.
Toxicity was observed at > = 50 pg/nm .
According to the authors, it is possible that
rel ease of histidine from damged hepat ocytes
could lead to artefacts.

(161)

ot her: SOS- Chr onot est
negative

(158)

Cyt ogeneti c assay
human | ynphocyt es
positive

Concentration-rel ated i ncrease of chronbsone
aberrations at 10E-7 to 10E-2 nol ar

concentrati on over 4 hours.
(162)

other: Cell transformation assay
BHK- cel | s, SHE-cells

In a total of 8 studies the cell transform ng
activity of DMF was tested.
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The investigation wth BHK-cells (up to 500
pg/ m) led to a negative result.
Wth SHE-cells three positive and 4 negative
results were obtained.
06- MAR- 2003 (87) (163)
System of testing: Escherichia coli, Saccharonyces

Resul t:

Renmar k:
06- MAR- 2003

Type:
System of testing:
Resul t:

06- MAR- 2003

Type:
System of testing:
Met abolic activati

Resul t:
Renar k:

06- MAR- 2003

Type:

System of testing:
Met abol i c activati
Resul t:

Renmar k:
06- MAR- 2003

Type:
System of testing:

cerevisiae, Schizosaccharonyces ponbe
negative

Di fferent endpoints were investigated in the
above nentioned test systens.

(164)
ot her: UMJ- Test
Sal nonel | a typhi murium
negati ve

(164)

ot her: aneupl oi dy-t est

Saccharonyces cerevi siae D6
on: with and wi t hout

positive

result: positive (+/- S 9) at concentrations >
25 ug/ m .
(165)

DNA damage and repair assay

Saccharonyces cerevisiae
on: with and wi t hout

positive

result: positive (+/- S-9) at concentrations >
500 pg/ m .
(166)

ot her: Host- nmedi at ed assay
Sal nonel I a typhimurium TA 98, TA 1538

Remar k: A dose-related i ncrease of histidine-auxotroph
revertants of Sal nonella typhinmurium strains TA
98 and TA 1538 which were incubated with nouse-
blood (0.5 - 2 h after i.p. injection of DWM)
was observed by the authors.
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06- MAR- 2003

Type:

System of testing:
Concentration:

Met abol i c activati
Resul t:

Met hod:

GLP:
Test substance:

Remar k:

The nmice were treated with each 0.5 mM of 1, 10,
25 and 30% (corresponding to 0.17, 1.7, 4.25 and
5.1 g DM/ kg) DMF-sol utions in aqua dest.,
respectively.

At the two highest concentrations animals died,
t hus the nunber of aninmamls used had to be
increased to get a mnimum of 3 animls. Blood
sanpl es were pool ed.

The npst overt effects were seen 1 h after the

injection; after 2 and 4 h no effects were
observed.

(167)
Sister chromati d exchange assay
CHO cel I's
0.00625-0. 1% (about 0.0625 - 1 ng/m)
on: wi th and wi thout
negative

ot her: nodified procedures devel oped by Perry,
P. and Evans,

H. J.: Nature 258, 121-125, (1975) and Stetka,
D. G and Wl ff,

S.: Mutat. Res. 41, 343-350, (1976)

no data

ot her TS: N, N-di net hyl f ormam de, no further data

Assay was conducted in duplicate in the presence
and in the absence of an Aroclor-induced rat
liver netabolic activation system (S 9 mx).
Positive and negative controls were also tested
i n duplicate.

Test substance was di ssol ved and diluted in DVMSO
to forma series of concentrations(dilutedl: 100
in culture nmedium.

The final concentration of DMSO was 1% which is
not cyt ot oxi c.

Before the assay was performed cytotoxicity
measurenments were done to obtain an indication
of cytotoxicity and cell cycle effects. The
cells were exposed to a series of five 1:5
dilutions of the test substance and the positve
and negative controls. The highest concentration
of DMF was 0. 1%

Positive controls were ethyl nethanosul fonate
(induction of SCEs in the absence of S-9 m x)
and di met hyl ni trosam ne (induction of SCEs with
S-9 m x). Negative control was DMSO.
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Resul t:

Reliability:

Fl ag:
25- OCT- 2000

Type:
System of testing:
Resul t:

Test substance:

Rermar k:
06- MAR- 2003

Type:

System of testing:
Concentration:

Met abol i c activati

Resul t:
Met hod:
GLP:
Test substance:

Renmar k:

In the assays without nmetabolic activation the
cells were grown in the dark for 21.5 h at 37°C
in the presence of the added test substance.

In the assays with netabolic activation the cel
cultures were exposed to the test substance in
the S-9 mx for 2 h.

After exposure the cells were washed and BrdU
was added and the cultures incubated in the dark
for 21.5 h.

After 2.5 h in colchicine the cells were
harvest ed and prepared for staining.

50 cells were scored for each concentration of
the test substance and for the controls.

The mean number of SCEs/chronmosone were

det er m ned.

DMF di d not increase SCE frequencies at
concentrations of 0.00625 - 0.1%in the presence

and the absence of SS9 m x.
(2) wvalid with restrictions

reliable with restrictions
Critical study for SIDS endpoi nt
(168)

Cyt ogeneti c assay
CHO cel I's
negative

ot her TS: N, N-di net hyl formam de, no further data

Only secondary literature; no further data.
(169)

Unschedul ed DNA synt hesi s

human di pl oid fibrobl asts

up to 9,220 pg/m (about up to 9220 ny/l)
on: with and without

negative

ot her: no data
no data
ot her TS: N, N-di net hyl f ormam de, no further data

To establish the range of concentrations of test
conpound to be used in the DNA repair assay a
prelimnary toxicity test was performed. The
conmpound was dissolved directly in culture
medi um and 10 pl sanpl es added to duplicate cel
suspensi on. After incubation for 3 h at 37°C
cultures were fixed and stai ned and exam ned for
evi dence of cellul ar danage.
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Resul t:

Test substance:

Reliability:
Fl ag:
06- MAR- 2003
Type:

System of testing:
Resul t:
Test substance:

Rermar k:
06- MAR- 2003

No toxicity was observed even at the highest
concentration of 9.633 ng/m which was sel ected
as the highest in a series of concentrations of
DMF.In the DNA repair assay the prepared cel
cultures were divided into 2 groups and 100 pl
of SS9 mx added to one of them S 9 mx was
prepared fromliver honogenate of Aroclor
pretreated nale CD rats. Sol utions of
hydroxyurea (250 mM) in sterile distilled water
and 6-[3H]-thym di ne were added to each cul ture.
DMF was di ssolved in DMSO and dil utions were
made to give the required concentrations (no
data given). Triplicate wells with and w t hout
S-9 m x received 10 pl sanples of the DW
solution. 10 pl sanples of DMSO were added to
negative control cultures. The positive
control conpounds were 4-nitroquinoline-Noxide
(1.25 pg/m) for s-9 free cultures and 2-

am noant hracene (3 pg/m) for S 9 suppl enented
cul tures.

After incubation for 3 h at 37°C, rinsing and
drying the cells were processed for

aut or adi ography and st ai ned.

St ai ned aut or adi ogr aphs were exam ned. 50 nucl ei
wer e exam ned for each culture.

There was no indication of any increase in the
nunber of silver grains per nucleus at any
concentration of DM.

The positive control substances induced
significant response in unschedul ed DNA
synthesis in the cells.

N, N-di net hyl f ormam de; purity >99%

(2) valid with restrictions

reliable with restrictions

Critical study for SIDS endpoint

(170)

Unschedul ed DNA synt hesi s

primary hepatocytes fromrodents, humane
fibroblasts, WE-38-cells, HelLa-cells
negative

ot her TS: N, N-di net hyl formam de, no further data

Only secondary literature; no further data.
(164) (171) (172) (173) (174) (175)
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Type:

System of testing:
Concentrati on:

Met abol i c activati

Resul t:

Met hod:
GLP:
Test substance:

Remar k:
06- MAR- 2003

Type:
System of testing:
Resul t:

Renmar k:

06- MAR- 2003

Type:

System of testing:
Concentration:

Met abol i c activati
Resul t:

Met hod:
GLP:
Test substance:

03- SEP-1997

Type:
System of testing:

Concentration:
Met abol i c activati
Resul t:

Met hod:
GLP:
Test subst ance:

04- SEP- 1997

Mouse | ynphoma assay
L5178Y TK +/ -nmouse | ynphoma cell s
no data
on: no data
negati ve

ot her: no data
no data
ot her TS: N, N-di net hyl f ormam de, no further data

Only secondary literature; no further data.
(176) (177)

Mouse | ynphoma assay
Mouse- | ynmphoma- cel | s
positive

result: the result was assessed as weakly
positive (- S-9).
Differentiation between small and big col oni es
was not descri bed.

(178)

M totic reconbination in Saccharomnmyces
cerevi si ae
Saccharonmyces cerevi si ae
0, 0001 -0,3 ng/l
on: wi t hout
negative

ot her: no data
no data
ot her TS: N, N-di net hyl f ormam de, no further data

(179)

ot her: SV40 gene anplification
SV40-transformed enbryonal CO631 hanster
cells
0.001 - 5 no/l

on: wi t hout
negative

ot her: no data
no data
other TS: N, N-di nmethyl formam de, no further data

(180) (179)
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Type: Bacterial gene nutation assay

System of testing:
Concentrati on:
Met abol i ¢ acti vati

Resul t:

Met hod:
GLP:
Test substance:

06- MAR- 2003

Type:

System of testing:
Concentration:

Met abol i c activati
Resul t:

Met hod:
GLP:
Test substance:

Resul t:

06- MAR- 2003

Type:
System of testing:

Concentration:
Met abol i c activati
Resul t:
Met hod:
GLP:
Test substance:

Renmar k:

Test substance:
20- AUG 1997

Type:
System of testing:

Escherichia coli WP2uvr A
no data

on: with
negati ve

ot her: no data
no data
ot her TS: N, N-di net hyl f ormam de, no further data

(181)

other: nutations in plants
Ar abi dopsi s thaliana
no data
on: no data
negative

ot her: no data
no data
other TS: N, N-di nethyl formam de, no further data

DMF had no effect on the frequency of recessive
Chl orophyll and enbryonic | ethal mnmutations in
Ar abi dopsis. In the sane system DVF altered the
mut ageni ¢ activity of known nutagens.

(182) (183)

Ames t est

Sal nonel I a typhi murium TA98, TA100,

TA1535, TA1537, TA1538

600, 1200, 1800, 2400, 5000 ug/plate
on: with and wi t hout

positive

ot her: no data
no
ot her TS

Ames test with and without netabolic activation
with S-9 mx prepared fromrat |iver honobgenate.
According to the authors, the test substance was
weakl y nmut ageni c.
N, N-di met hyl formam de tar still residue; no data
on purity of the conmpound

(184)

Ames test
Sal monel I a typhi muri um TA98, TA100,
TA1535, TA1537, TA1538
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Concentrati on:
Met abol i c activati
Resul t:
Met hod:
GLP:
Test substance:

Renmar k:

25- OCT- 2000

Type:
System of testing:

Concentration:

Met abol i ¢ acti vati
Resul t:

Met hod:
GLP:
Test substance:
Renmar k:
Test substance:

05- MAR- 2003

Type:
System of testing:

Concentrati on:

2000, 4000, 6000, 8000, 10000 ug/plate
on: with and wi thout
negati ve

other: no data
no
other TS: N, N-di nmethyl formam de, no further data

Ames test with and without netabolic activation
with S-9 mx prepared fromrat |iver honogenate.
Negative or solvent control: distilled water
Positive control in the assay with netabolic
activation: p-am noanthracene; noreover a
control plate without S9 mix run in parallel.
Positive control in the assay w thout mnetabolic
activation: N-Methyl-N -Nitro-N N trosoguanidi ne
(for TA 1535 and TA 100), 9-Anmi noacridine (for
TA 1537), 2-Nitrofluorene (for TA 1538 and TA
98).
Pl ates were incubated for 48 hours.

(185)

Ames test

Sal nonel I a typhi muri um TA98, TA100,

TA1535, TA1537, TA1538

100, 200, 300, 400, 480, 500 (+S9); 80,

160, 240, 320, 400, 480 (-S-9) ug/plate
on: with and without

negative

ot her: no data
no
ot her TS: N, N-di net hyl f ormam de, no further data

Ames test with and without netabolic activation
with S-9 mx prepared fromrat |iver honogenate.
N, N-di met hyl formam de tar still residue; no data
on purity of the conpound

(186)

Ames test

Sal nonel I a typhi murium TA98, TA100,
TA1535, TA1537, TA1538

9400, 24000, 47000, 94000, 190000, 470000

ug/ pl ate
Met abol i ¢ activati on: with and wi thout
Resul t: negative
Met hod: ot her: standard plate incorporation assay,
(Ames, 1975)
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Year :
GLP:

Test substance:

Renmar k:

Resul t:

Reliability:

Fl ag:
05- MAR- 2003

Type:

1975
no
ot her TS: N, N-di net hyl formam de, no further data

Ames test with and w thout metabolic activation
with S-9 mx prepared fromliver honpgenate of
Arocl or pretreated mal e Sprague-Dawl ey rats.

Pl ates are incubated at 37°C for 48 hours.
Cytotoxicity of the test sanple as nmeasured in
strain TA1535 is the basis for selecting
concentrations to be used in the present test.
Concentrations of test sanple that give |ess

t han 50% of control survival are normally not
sel ected for the assay.

Eval uation criteria: a chem cal was classified
as non-nutagenic if the reversion frequency was
|l ess than 2 tinmes the spontaneous frequency. No
statistical analysis was perforned.

However, in the present assay 470000 pg/pl ate
was chosen because this experinent was done to
aid in evaluating a recent Utah Biologica
Testing Service report, that concluded that DM
is mutagenic in 4 of the Ames strains of

Sal monel | a typhi murium 470000 pg/plate led to
toxicity as indicated by sparse background | awn.
A negative control run in parallel in the assay
with and wi thout netabolic activation.

Positive control in the assay with netabolic
activation was 2- Am noant hracene tested in
concentrations of 5, 10 and 100 pg/pl ate.
Positive controls in the assay w thout netabolic
activation were: N-Methyl-N -nitro-N

ni t rosoguani di ne at 2 ug/plate (TA1535, TA100);
9- Am noacri dine at 50 pg/plate (TA1537);
2-Nitrofluorene at 25 pg/plate (TA1538 and
TA98) .

Positive and negative controls did work well in
the present investigation.

DMF is not mnutagenic even at concentrations that
are cytotoxic. (Cytotoxicity occurred at 190000
and 470000 pg/ plate w thout mnetabolic activation
and at 470000 pg/plate with netabolic
activation.)
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(187)

ot her: RL1-assay
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System of testing:
Concentration:

Met abol i c activati
Resul t:

Met hod:

Year :
GLP:
Test substance:

Rermar k:

Test substance:

04- SEP- 1997

Type:
System of testing:

Concentration:
Met abol i ¢ acti vati
Resul t:

Met hod:

Year :
GLP:
Test substance:

Renmar k:

Resul t:

rat liver cells (RL1-cells)
75, 150, 300 ng/|

on: no data
negati ve

ot her: according to Dean, B.J. and Hodson-

Wal ker: "An in vitro chrompbsone assay using
cultured rat liver cells", Mitat. Res.;

no further data

1979

no data

ot her TS: N, N-di net hyl formam de, no further data

No chronosomal damage was observed in netaphase
anal ysis after incubation of the cells with the
test substance for 24 h.
N, N- di nmet hyl f ormam de; no data on purity of the
conpound

(188)

Anmes t est

Sal nonel I a typhi murium TA98, TA100,

TA1535, TA1538

100, 500, 1000, 10000, 50000 ug/plate
on: with and wi t hout

negative

ot her: according to Anes, B.N.: Proc. Natl.
Acad. Sci. 70,

2281- 2285

1973

no

ot her TS: N, N-di net hyl f ormam de, no further data

Ames test with and wi thout netabolic activation
with S-9 mx prepared fromliver honpbgenate of
Arocl or pretreated male CDrats.

Negative control: DMSO

Positive control: 2-acetyl am nofl uorene and
vinyl chloride

No mut agenic effect was seen in strains TA 98
and TA 1538.

Wth strains TA 100 and TA 1535 slight increase
in the nunbers of nutants per plate were seen in
t he presence of the S-9 m x. However, according
to the authors these increases showed no dose-
response relationship over a 500 fold range of
test substance concentrations up to 50 ng per
pl ate, neither in the nunmber of mutants nor in
i ndi cations of toxicity.
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Test substance:
10- APR- 2001

Type:

System of testing:
Concentration:

Met abol i c activati
Resul t:

Met hod:
GLP:
Test substance:

Renmar k:

06- MAR- 2003

Type:
System of testing:
Resul t:

Test substance:

Rermar k:
06- MAR- 2003

Type:
System of testing:

Concentration:
Met abol i c acti vati
Resul t:

Met hod:

GLP:
Test substance:

Rermar k:

N, N- di nmet hyl f or mam de; no data on purity of the
conpound
(189)

other: cell transfornmation
Hanmst er Enbryo cells
no data
on: no data
negative

ot her: no data
no data

ot her TS: N, N-di net hyl formam de, no further data

The test substance did not induce norphol ogical
transformation in Syrian hanster enmbryo cells
(Pienta et al., 1977). No transformation was
observed in hanster enbryocells after
transpl acental exposure by i.p. injection
(Quarles et al., 1979). Only secondary
literature; no further data.

(190) (191)

Cyt ogeneti c assay
Human | ynphocyt es
negative

ot her TS: N, N-di net hyl formam de, no further data

Only secondary literature, no further data.
(157)

Ames test
Sal nonel |l a typhi murium TA 98, TA100,

TA1535, TA1537,

TA1538

47, 4700, 94000 and 470000 pg/plate
on: with and wi t hout

negative

ot her: no data

no

ot her TS: N, N-Di nethyl formam de, neat nmateri al
100 wght% no further data

Ames test (overlay plate test) with and
wi t hout netabolic activation with S-9 mx
prepared fromliver honogenate of Aroclor
pretreated nmal e Sprague-Dawl ey rats.
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Negative control in the assay with non-activation
and in the assay with activation was DMSO
Positive control in the assay with non-
activation:
Met hyl ni t r osoguani di ne (TA1535 and TA100);
Quinacrine nustard (TA1537); 2-Nitrifluorene
(TA98, TA1538).
Positive control in the assay with activation:
2- Ant hram ne (TA1535); 8- Am noqui noline (TA1537);
2- Am nof | uorene (TA98, TA100, TA153

12- SEP- 2000 (192)

Type: Ames t est

System of testing: Sal nonel I a typhi murium TA98, TA100,

Concentration:

TA1535, TA1537,
TA1538
47, 4700, 94000, 470000 pg/plate

Met abol i ¢ acti vati on: with and without
Resul t: negative
Met hod: ot her: no data

GLP:
Test subst ance:

no

ot her TS: Dow Corning 790 Buil ding Seal ant

Nat ural Stone , a m xture containing 1 wght.%
N, N- Di met hyl f or mam de, no further data

Remar k: Ames test (overlay plate test) with uncured
and cured test material tested with and w t hout
nmet abolic activation with S-9 mx prepared from
i ver honmpbgenate of Aroclor pretreated male
Spr ague- Dawl ey rats.

Negative control in the assay with non-
activation and in the assay with activation was
DMSO.
Positive control in the assay with non-
activation: Methylnitrosoguani dine (TA1535 and
TA100) ; Quinacrine nustard (TA1537); 2-
Nitrifluorene (TA98, TA1538).
Positive control in the assay with activation:
2- Ant hram ne (TA1535); 8- Am noqui nol i ne( TA1537);
2- Am nof | uorene (TA98, TA100, TA1538
05- MAR- 2003 (193)
Type: ot her: Chronosome Aberration/Sister
Chromati d Exchange
Assay

System of testing: CHO cel l's

Concentrati on: 1.67, 3.33, 6.67 pl/m (about 1.6, 3.2,

6.3 ng/m)

Met abol i ¢ acti vati on: with and wi t hout

Resul t: negative
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Met hod: ot her
GLP: no data

Test substance:

Renmar k:

Resul t:

Reliability:

Fl ag:
06- MAR- 2003

Type:
System of testing:
Concentrati on:

Resul t:
Reliability:
27- MAY- 2003

ot her TS: N, N- Di net hyl formam de, no further data

In this assay the frequencies of chronpsone
aberrations and sister chromatid exchanges
i nduced in CHO cells were detern ned.
CHO cells grown in the dark for one cell cycle
and suppl enmented with BrdU were treated for 1 h
with various concentrations of DMF in the
presence or absence of S9 fraction (S-9 nmix was
prepared from Aroclor-induced rat
i ver honpbgenates). After treatnent the cells
were washed and all owed to recover for >= 12 h.
After the colcem d block the cells wee prepared
for staining.
Sone preparations fromeach treatnment were
stained with G ensa stain for the determ nation
of the frequencies of chronpbsonme aberrations.
For determ nation of the frequencies of sister
chromati d exchanges preparations were first
stained with Hoechst 33258 and stained with
G ensa solution in order to obtain sister
chromatid differentiation.
25 to 50 cells were scored for the frequencies
of sister chromatid exchanges. 50 to 100 cells
were scored for aberrations for each point, i.e.
gaps, breaks and exchanges.
Two controls, one with S-9 and one wi thout S 9
mx treated with the solvent DMSO were included
in the test.
DMF was found to be negative in both tests, in
t he presence or absence of SS9 m x during
treat ment.
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(194)

Mouse | ynphoma assay
L5178Y nmouse | ynphoma cel
no data

negative

(4) not assignable
second quotation
(195)
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5.6 Genetic Toxicity 'in Vivo'

Type: Cyt ogeneti c assay

Speci es: rat Sex: nale/female

Strain: ot her: CD

Route of adm n.: inhalation

Exposure period: 1 or 5 days (7 h/d)

Doses: 10, 400 ppm (ca. 0.03, 1.21 ng/l)

Met hod: ot her

GLP: no data

Test substance: other TS: N, N- Di net hyl f ormam de, of 99% purity,
no further data

Resul t: Resul t: questionabl e negative
The frequencies of chronpbsomal aberrations were
not increased in rat bone marrow cells at 6 h
and 48 h sanple tinmes, except in the 24 h sanple
time males following a single exposure.
According to the authors this effect was
al nost entirely due to a single rat, which my
have been abnor mal

14- SEP- 2000 (196) (197)

Type: Dom nant | ethal assay

Speci es: nouse Sex: male

Strain: NMVRI

Route of adm n.: i.p.

Exposure period: single dose

Doses: 400 pl / kg (ca. 380 ny/kg)

Resul t: negative

Met hod: ot her: according to WHO "evaluation and testing
of drugs for nutagenicity: Principles and
Probl enms”, WHO, Techni cal Report
Series, no. 482

Year : 1971
GLP: no

Test subst ance: ot her TS: N, N-di nmet hyl formam de, no further data

Remar k: In two studies DMF was adm ni stered once by i.p.
injection as an aqueous solution at 0.1
m /animal at a dose of 380 ng/kg to 20 nal e NMRI
m ce. The animals were about 12-14 weeks of age
and the nmean body wei ght was about 31 g in the
first and about 28.5 g in the second study.
Positive control was 2, 3,5 Tris-ethyl enei mno-
benzoqui none-1,4 at a dose of 0.125 ng/kg in the
first and at a dose of 0.056 ng/kg in the
second study.
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Resul t:

Negative (untreated) control groups run in
parallel. Twenty male m ce each were used for
the positive and the negative control group.
About 20 h after substance application, the male
mce were mated with 3 untreated virgin fenal e
mce (1:3) for the duration of 7 days. Then the
fermal es were renoved and replaced with three new
untreated virgin femal es. This mating procedure
continued for 7 consecutive weeks.

Femal e animals were sacrificed 18 days after the
first day of mating with the male rat, resulting
in a gestation period of 10-17 days.

Al'l animals were observed daily for clinica
synptonms. Body wei ght of the male m ce was
determ ned before treatnent, after treatnent and
weekly thereafter. Al nmale mce were killed at
the end of the last mating period (week eight)
and macroscopi cally exam ned.

For the female aninmals the conception rate was
cal cul ated for each mating interval (derived
from pregnant animals in relation to mated
femal es). Moreover inplantation sites/female
ani ml were recorded and nean nunber of

i mpl antati on sites/dam were cal cul at ed.

I mpl antation sites were further distinguished as
live and dead fetuses and deci duoma (early
resorption sites still macroscopically

di scernible) and early resorptions discernible
only by the staining nmethod according to

Sal ewski. The nmutagenicity index ( = percentage
of dead inplantation sites) per mating

interval was derived formthe nunmber of dead
fetuses plus deciduoma plus early resorptions
di vided by the nunmber of inplantation sites
multiplied with 100.

In the first study no substance-rel ated effect
on conception and number of live inplantations
was observed. In the second week of mating a
significantly increased nunber of dead
i mpl antations (nutagenicity index) was observed
in the females mated with DVF treated mal es when
conpared to untreated controls. However
according to the authors the nutagenicity index
was still in the range of normal val ues
that occurred also in the concurrent untreated
control group. Wiereas in the positive control a
significant decrease in the nmean nunber of
i nplantation sites and a significant increase in
t he percentage of dead inplantation sites
(mutagenicity index) was observed during the
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first three mating intervals.
In the second study again no substance-rel ated
ef fect on conception and nunmber of live
i mpl antation sites was seen but there was a
statistically (mathematically) significant
i ncrease in the nunmber of dead inplantations in
the 1st and 2nd week of mating in conparison to
the untreated control
However, according to the authors, this was not
due to the test substance since this effect was
al so observed at other tinme points and occurred
in untreated controls, too.
In the positive control a significant decrease
in the mean nunmber of inplantation sites was
observed in the first week of mating and a
significant increase in the percentage of
dead inplantation sites (nutagenicity index) was
observed in the first three mating intervals.
Reliability: (2) valid with restrictions
reliable with restrictions
Fl ag: Critical study for SIDS endpoint
06- MAR- 2003 (198) (199)
Type: Dom nant | ethal assay
Speci es: r at Sex: nmale
Strain: ot her: CD
Route of admin.: inhalation
Exposure period: 5 days, 7 h/d
Doses: 10, 400 ppm(ca. 0.03, 1.21 ng/l)
Met hod: ot her: no data
GLP: no data
Test substance: ot her TS: N, N-di methylformam de, no further data
Resul t: negative
There were no effects attributable to the test
substance on pregnancy frequency, nunbers of
corpora lutea or inplantations or the frequency
of early deaths.
Test substance: N, N-di net hyl f or mam de; purity >99%
04- SEP- 1997 (196) (170)
Type: Dom nant | et hal assay
Speci es: r at Sex: male
Strain: ot her: Sprague-Daw ey ( CRCD)
Route of admin.: inhalation
Exposure period: 5 days, 6 h/d
Doses: 30, 300 ppm (ca. 0.09, 0.91 ng/l)
Resul t: negative
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Met hod:
GLP:

Test substance:

Renmar k:

Resul t:

ot her: no data
no
ot her TS: N, N-di net hyl formam de, no further data

In the present study a negative (untreated)
control and a positive control group

(Triethyl enenel am ne saline solution

at a dose of 0.5 nmg/kg and a volune of 1 m/Kkg
adm ni stered once i.p. two hours prior to
mating) run in parallel to the DMF-vapor-treated
groups.

Each group (two DMF-exposed) and the contro
groups contained 10 proven fertile male rats.
Over a six week post-treatnent period the

mut ageni ¢ potential of DMF was eval uat ed.

Mal es used were about 8 weeks and fenal es about
6 weeks of age.

The fertility of each mal e was determ ned during
a two week pre-treatnment mating period.

At least two hours after the | ast exposure, two
untreated virgin femles were placed into each
mal e' s cage for 7 days.

Then the femal es were renoved and replaced with
two new untreated virgin females. This mating
procedure continued for six consecutive weeks.
Femal es were sacrificed 18 days after the first
day of caging with the male, resulting in a
gestation period of 11-18 days. Uterine

i npl antation data were recorded (nunber

of inplantation sites, early resorptions

di sti ngui shabl e as deci duoma, |ate resorptions
and vi abl e fetuses).

During the mating intervals all animals were
observed daily for clinical signs and nortality
and body wei ght of the nmale ani mals was

determ ned weekly.

At conpletion of the study the nmales were
sacrificed and necropsy was performed. The
following tissues of 5mal es/group were
preserved: sem nal vesicles, epididymn des,
testes, prostate and fromall males any
abnormal |esions or tissue nmasses.

Hi st opat hol ogi cal exam nation was carried out on
sem nal vesicles, epididymdes, testes and
prostate.

Al male animls survived until term nation of
the study.

During treatnent and during the six week post-
treatment mating period all animals were

unr emar kabl e.
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Test subst ance:
Reliability:

Fl ag:
06- MAR- 2003

Type:
Speci es:
Strain:

Rout e of admn.:
Exposure period:

Mean body wei ghts for nales exposed to 30 and
300 ppm DMF were slightly | ower than the
negative control already during

pre-treatnment. This trend persisted during
treatment and post-treatnment. Body wei ght gain
during the post-treatnent mating period was
slightly | ower than negative control for

the mal es exposed to 300 ppm DMF. Pregnancy
rates and inplantation efficiency val ues of
femal es mat ed to mal es exposed to DMF were
consi dered conparable to the negative

control throughout the post-treatnent period. In
contrast, pregnancy rates for the fenal es mated
to males of the positive control were | ower than
the negative control at mating weeks 2,3 and 4,
only at week 4 this difference was statistically
significant. Inplantation efficiency val ues
were significantly |lower at weeks 2-6. Early
fetal death data were significantly increased
during the entire post-treatnent mating period.
Fetal death data for the DMF-treated groups were
slightly higher than negative control at week 2
for both treated groups and week 5 for the 30
ppm and week 6 for the 300 ppm group. According
to the authors, at each interval the increase in
fetal deaths was, in part, attributable to a
single femal e that had uterine inplants
conprised entirely of early fetal deaths. These
i ncreases were not considered indicative of a
dom nant | ethal nutagenic response since the
second femal e of the pair mated with the DM~
treated mal e had hi gh nunbers of uterine

i npl ants which in npost cases were all viable
fetal swellings.

Hi st opat hol ogy of nml e reproductive organs
reveal ed no alterations to treatnent.

Thus, premating DMF-exposure of the rats for 5
consecutive days did not result in nutagenic
effects in the test system

N, N- di net hyl f ormam de; no data on purity of the
conpound

(2) wvalid with restrictions

reliable with restrictions

Critical study for SIDS endpoi nt

(82)
Dom nant | et hal assay
mouse Sex: mml e
ot her: al bino
der nmal

singl e dose
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Doses: 1500, 3000, 5000 ng/kg
Met hod: other: no data
GLP: no data
Test substance: ot her TS: N, N-di nmet hyl formam de, no further data
Remar k: negative
Test substance: N, N- di net hyl f ormam de; no data on purity of the
conpound
04- SEP- 1997 (200)
Type: Dom nant |ethal assay
Speci es: rat Sex: male
Route of admin.: inhalation
Exposure period: 5 days; 6-7 h/d
Doses: 400 ppm (ca. 1.21 ng/l)
Resul t: result: negative
No chronmpsomal aberrations were seen in the
rats. The investigations perforned with respect
to possible effects on sperncell norphol ogy was
al so negati ve.
06- MAR- 2003 (201)
Type: Drosophila SLRL test
Speci es: Dr osophi | a nmel anogast er Sex:
Doses: no data
Met hod: other: no data
GLP: no data
Test substance: other TS: N, N-dinethylformam de, no further data
Remar k: Only secondary literature; no further data.
Resul t: negative
06- MAR- 2003 (202) (203) (204) (205) (206)
Type: Drosophila SLRL test
Speci es: Drosophi | a nel anogast er Sex: male
Route of admin.: inhalation
Exposure period: 2.25 hours
Doses: 400 ppm
Met hod: ot her: no data
GLP: no data
Test substance: other TS: N, N-di net hyl formam de, no further data
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Resul t: negative

Test substance:

tester strains:

mal es: Oregon-K (wild-type), Mieller-5
(bascbal ancer X-chronpsone);

femal es: Mueller-5

N, N-di net hyl f or mam de; purity >99%

06- MAR- 2003 (201) (196) (170)

Type: M cronucl eus assay

Speci es: nouse Sex: nale

Strain: Bal b/ c

Route of admn.: i.p.

Doses: 0.2, 20 and 2000 ng/ kg

Resul t: negati ve

Met hod: ot her: according to the nethodol ogy of Schm d
W: Chem Mitagens, Vol. 4, 31-53, (1976)

GLP: no data

Test substance: ot her TS: N, N-Di net hyl f ormam de, no further data

Remar k: Young (8-12 weeks old) male Balb/c mce (5 per
treatment group) were injected i.p. with 0.2, 20
and 2000 ng DMF/ kg.

Positive controls received 100 ng/ kg

cycl ophospham de. A negative control (not
further specified) run in parallel

Preparati ons of bone marrow cells were nade 30 h
aftertreat ment.

Resul t: There was no increase in cells with mcronuclei
in the DMF-treated animals, whereas the positive
control showed a clear increase.

Reliability: (2) wvalid with restrictions
reliable with restrictions

Fl ag: Critical study for SIDS endpoint

14- SEP- 2000 (207)

Type: M cronucl eus assay

Speci es: nmouse Sex: male

Strain: I CR

Route of admn.: i.p.

Doses: 0.425, 0.85 and 1.70 m/kg (about 404, 808, 1615
g/ kg)

Resul t: negative

Met hod: other: nodification of the nethod of Schmd w.:
Chem  Miutagens, Vol. 4, 31-53, (1976)

GLP: no data
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Test substance:

Remar k:

Resul t:
Reliability:

Fl ag:
06- MAR- 2003

Type:
Speci es:

Rout e of admn.:
Exposure period:

Doses:

Resul t:

06- MAR- 2003
Type:

Speci es:
Doses:

Resul t:

ot her TS: N, N- D net hyl f ormam de, no further data

DMVF di ssolved in DMSO was adm nistered i.p. once
at 5 mMm/kg to male ICR mce (weight of 18-30 Q).
Groups of 8 animals each were adm ni stered 50,
25 or 12.5% of the LD50, i.e.1.70, 0.85 or 0.425
m /kg. The negative control received 5 m/kg of
DMSO and the positive control aninmals were given
1,500 nmg/ kg of trinethyl phosphate in DMSO at
5m / kg.
Fenoral bone marrow snears were nmade from 4
ani mal s each per group at 30 h and at 48 h
according to the nethod of Schmd W (1976).
For each ani mal scored, 1000 pol ychromatophilic
erythrocytes were exam ned for the presence of
m cronucl ei. The ratio of polychromatophilic
erythrocytes to nornochronmatic erythrocytes was
determned for the first four animals in
each group. Since there was no significant
difference in the value obtained at 30 h from
that at 48 h, the results have been pool ed.
Under the conditions of the present test, DW
was not mut agenic.
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoint

(208)

M cronucl eus assay

nmouse Sex: male
i.p.

once, or daily repeatedly 1 ng/kg

0.1 - 20 nog/kg

resul t: anbi guous
The positive results described could not be
assessed since |low doses were chosen and
i nformati on was m ssing with
respect to the experinental procedure.
(209)

Sister chromati d exchange assay
nmouse Sex: nale
up to 60 % of the LD50

result: negative
No effects on sister chromati d exchange-rate in
the liver and the bone marrow

UNEP PUBLICATIONS 159



OECD SIDS

DIMETHYI FORMAMIDE

5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
06- MAR- 2003 (210)
Type: ot her: sperm abnornmality test
Speci es: nouse Sex: nmale
Strain: B6C3F1
Route of adm n.: inhalation
Exposure period: 5 days, 7 h/d
Doses: 10, 400 ppm (ca. 0.03, 1.21 ng/l)
Met hod: ot her: no data
GLP: no data
Test substance: ot her TS: N, N-di net hyl formam de, no further data
Resul t: negati ve
Test substance: N, N- di met hyl f or mam de; purity >99%
04- SEP- 1997 (196) (170)
Type: ot her: sperncell norphol ogy
Speci es: Sex: nale
Route of admn.: i.p.
Doses: up to 2000 ny/ kg
Resul t: result: negative, no effects
06- MAR- 2003 (157) (211)
5.7 Carcinogenicity
Speci es: rat Sex:
Strain: other: BD-rats
Route of adm nistration: drinking water
Exposure peri od: 250 - 500 days
Frequency of treatnent: daily
Post exposure peri od: up to a total experinental period of 750
days
Doses: 75, 150 mg/ kg (total dose up to 38000
g/ kg)
Met hod: ot her
GLP: no
Test substance: ot her TS: N, N- D net hyl f ormam de, no further data
Resul t: The daily treatnent of 15 and 5 rats with 75 and
150 ng/ kg,
respectively caused no increased tunor incidence
during the observation peri od.
Even a weekly s.c. injection of 200 or 400
ng/ kg bw to each 12 rats (up to a total doses of
8 to 20 g/ kg bw) caused no
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i ncreased tunor incidence.
Single i.p. injection at concom tant parti al
hepat ectony did not cause |iver tunors nor any
preneopl astic foci.
06- MAR- 2003 (212) (78)
Speci es: rat Sex: femnal e
Strain: W st ar
Rout e of adm ni stration: gavage
Post exposure peri od: no data

Doses:

0.1 m/dose (ca. 95 ng/dose), ca. 400
my/ kg

Met hod: other: no data

GLP: no data
Test substance: other TS: N, N-dinethylformam de, no further data
Remar k: This investigation was part of a study on the

carci nogenic action of aflatoxin; the test
substance (DMF) was used as vehicle. Nineteen
weanling rats were given the test substance and
served as vehicle control group. One rat

died on the 3rd day of the study, the remaining
rats died or were sacrificed between the 13th
and 34th nmonth of the study. No macroscopic
hepatic tunors or nodul ar |esions of the liver
were observed in this group. According to the
aut hors, hepatoma or ot her changes were observed
in animals treated with aflatoxin but not in

controls.
Test substance: N, N- di net hyl f ormam de; no data on purity of the
conpound
06- MAR- 2003 (213)
Speci es: r at Sex: mal e/ fenal e
Strain: ot her: randomy bred Medical Research

Rout e of adm nistration:
Exposure peri od:
Frequency of treatnent:
Post exposure peri od:
Doses:

Control G oup:

Met hod: ot her:
GLP: no
Test substance: ot her

Council (MRC) rats
i.p.
10 weeks

once a week

103 weeks

1 m/animal (ca. 950 ng/animal), ca. 4000
ngy/ kg

yes, concurrent no treatnent

no data

TS: N, N-di net hyl f ormam de, no further data
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Resul t:

06- MAR- 2003

Speci es:
Strain:

The study design is insufficient and
i nadequat el y descri bed.
In 9/18 mal es and 11/19 fermales nultiple tunors
(adenocarci noma, sarconm, |eyomnmyonm, carcinonm
of the rectum phaeochronocytoma of the adrena
medul | a, enbryonalcell |ike tunors of the testis
and nunerous benign tunors) irregular and
partial livercell necrosis and ulceration of the
i ntestinal nucosa occurred.
An untreated control group with 14 male and 14
femal e animals run in parallel
The DMF-treated ani mal s served as sol vent -
control group for a group of animals treated
with afl at oxi ne di ssolved in DW.
I n both groups conparabl e tunor incidences
occurred.
The validity of the investigation is limted due
to assessnents of the performng institute
itself (Clayson D.B.; 1977) and assessnents of
external sites. The tunor incidences given in
t he publications are varying.
(214) (215) (216) (217)
Syrian hamnster Sex: nal e/fenal e
ot her

Route of adm nistration: i.p

Exposure peri od:

Frequency of treatnent:

6'-'8.5 mont hs
once a week

Doses: 0.1 mM of a 50 % sol ution
Met hod: ot her
GLP: no
Test substance: other TS: N, N- D net hyl formam de, no further data
Resul t: The treatment did not cause tunmors in 10 Syrian
hanst er s.
06- MAR- 2003 (218) (219)
Speci es: r at Sex: mal e/fenal e
Strain: other: Crl:CD BR
Rout e of adm nistration: inhalation
Exposure peri od: 2 years
Frequency of treatnment: 5 d/w, 6 h/d
Post exposure peri od: none
Doses: 25, 100, 400 ppm (about 0.08, 0.3, 1.2
g/ 1)
Control G oup: yes
Met hod: ot her: no data
GLP: no data
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Test substance:

Remar k:

Resul t:

ot her TS: N, N-di net hyl f or mam de, 99. 9% pure, no
further data

87 male and fenmale rats were used per group. The
rats were approx. 47 days of age at the

begi nning of the study. They were exposed to DW
vapors by whol e body exposure at dose | evels of
0, 25, 100 and 400 ppm for two years. The
concurrent control group animals (0 ppnm) were
exposed to dehunmi dified air alone. Clinica

pat hol ogy was investigated at 3, 6, 12, 18 and
24 nmonths in each 10 male and 10 femal e

ani mal s/ group. At 12 nonths interimsacrifice of
10 mal e and 10 femal e ani mals per group took

pl ace, thus again 10 rats per sex and group
had to be selected for the 18 and 24 nonths
exam nati ons.

After 2 weeks, 3 nonths and 12 nonths of testing
cell proliferation in the liver was evaluated in
5 randomy sel ected rats per sex and group.

An i mrunhi stochem cal eval uati on was done on
livers fromanimals of the O ppm and 400 ppm
groups.

Estrous cycle evaluation was done in all ferale
animls of the control and the high dose group
fromtest day 107 through test day 131.

Mor eover, exani nations on body wei ght, organ
wei ght s, opht hal noscopy, urinalysis and a
conpl ete necropsy including m croscopi cal

exam nations were carried out.

There were no conpound-rel ated differences in
the survival of the animals in the present study
(for male rats survival was 27, 34, 40 and 44%
for 0, 25, 100 and 400 ppm respectively. For
femal e rats survival was 35, 23, 19 and

39% respectively). Ophthal nol ogi ¢ exam nati ons,
hemat ol ogy and urinalysis reveal ed no conpound-
related effects in the rats. Mreover, no
conpound- related effects were seen on

the estrous cycles of rats exposed up to 400 ppm
DIVF.

Body wei ght and body wei ght gain were reduced in
both sexes of the 400 ppm group and in the nale
animal s of the 100 ppm group. Serum sorbitol
dehydr ogenase activity was increased in the
animal s of the 100 and 400 ppm groups. These
animal s al so showed i ncreased nean rel ative
liver weights and centril obul ar hepatocel | ul ar
hypertrophy as well as an increased

centril obul ar accumul ati on of
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Reliability:

Fl ag:
07- MAR- 2003

Speci es:
Strain:

| i pof usci n/ henosi derin. At 400 ppm there was
al so an increased incidence of hepatocellular
single cell necrosis.
The incidence of clear cell foci was increased
in 100 ppmmales and in both sexes of the
hi ghest dose group. An increased incidence of
eosi nophilic foci was seen in the 400
ppm femal es. Cell -l abeling indices for
hepat ocytes were not statistically significant
di fferent between control and 400 ppmrats,
however, rates were slightly higher for 400 ppm
mal es at 2 weeks and 3 nonths but not at 12
nont hs.
An increased incidence of endonetrial stromal
polyp of the uterus (14.8% occurred in the
femal es of the 400 ppm group.
According to the authors endonetrial stronal
pol yps are the nost conmon uterine neoplasmin
rats. Moreover, the incidence showed no cl ear
dose-response rel ation-ship and was in the range
of historical control incidences for the
respective laboratory (2.0-15.0% Thus, the
aut hors concl uded, that the increased incidence
is probably a chance variation rather than a
conpound-rel ated effect.
There were no conpound-related | esions noted in
the nose or respiratory tract for any exposure
concentration. The incidences of hepatic tunors
and testicular tunors in rats exposed up to 400
ppm DMF were simlar to control val ues.
Exposure to DMF for 2 years did not cause a
conpound-rel ated i ncrease of tunors in rats.
According to the authors the NOEC in rats is 25
ppm
(2) valid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(122)

nouse Sex: nal e/ femal e
other: Crl:CD1 (ICR)BR

Rout e of adm ni stration:

Exposure peri od:
Frequency of treatnent:
Post exposure peri od:
Doses:

Control G oup:

Met hod: ot her:

i nhal ati on

18 nont hs

5 d/w 6 h/d

none

25, 100, 400 ppm (about 0.08, 0.30, 1.21
mg/ 1)

yes

no data
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GLP:

Test substance:

Renmar k:

Resul t :

no data
ot her TS: N, N-di net hyl formam de, 99.9% pure no
further data

The carcinogenic effect of the test substance
was investigated in groups of 78 male and 78
femal e young adult mice. The mice were approx.
55 days of age at the beginning of the study.
The ani mal s were exposed by whol e-body exposure
to DMF vapors at concentrations of 0, 25, 100
and 400 ppm The concurrent control (0O ppm was
exposed to dehumi dified air al one. Exam nations
on body wei ght, organ wei ghts, ophthal noscopy,
and a conpl ete necropsy including m croscopical
exam nation were carried out. Hematol ogy was
investigated at 3, 6, 12 and 18 nonths in each
10 mal e and 10 fermal e ani mal s/ group. Estrous
cycle evaluation was done in all female animals
in the 0 and 400 ppm groups fromtest day 107 to
test day 131. Cell proliferation in the liver
was investigated after 2 weeks, 3 nonths and 12
nmonths in five randomy selcted ani mls per sex
and group. Livers fromanimals in the 0 and 400
ppm groups were inmunhi stochem cally eval uat ed.

Survival in treated male and femal e m ce was
simlar to that in the concurrent control group
(nmal e animal s: 56, 68, 60 and 59% for 0, 25, 100
and 400 ppm respectively; female animls: 68,
57, 62 and 76% respectively).

There were no conpound-rel ated differences in
hemat ol ogy parameters and no significant
differences with respect to estrous cycle

eval uati ons or ophthal noscopy.

In mal e ani mal s exposed to 100 and 400 ppm and
in female mce at 400 ppma significant increase
in absolute and relative liver weights together
wi t h hepatocel |l ul ar hypertrophy was observed.
M croscopy reveal ed hepatic changes (mninmal to
m | d hepatocel lular hypertrophy) in all treated
groups with the incidence being dose-rel ated.

I ndi vi dual hepatocel |l ul ar necrosis was seen in
all groups with the incidence being greater in
the DMF-treated groups.

M nimal to noderate Kupffer cell hyperplasia
with accumul ation of |ipofuscin and henosiderin
was al so observed in all groups again with the
i nci dence being greater in the DMFtreated
animal s. A dose-related increase in m xed foci
in the Iiver was seen in the nmales and a hi gher
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Reliability:

Fl ag:
07- MAR- 2003

Renmar k:

i nci dence of eosinophilic foci was seen in both
sexes of the treated groups when conpared to the
concurrent control aninmals.

Cell labeling indices in the liver showed no
conpound-related effect at any exposure |evel
No conpound-rel ated | esions were observed in the
nose or respiratory tract at any exposure |evel.
The incidence of hepatic and testicular tunors
was simlar to control for all exposure
concentrations.

The exposure of mice to DMF over a time period
of 18 nonths was not oncogenic at concentrations
up to 400 ppm

According to the authors, a NOEC (no-observabl e-
effect level) was not achieved in mce due to
nor phol ogi cal changes seen in the liver at al
three test concentrations, neverthel ess, they
expected the NOEC to be close to 25 ppm due to
the m ni mal changes observed at this
concentration.

However, due the findings at 25 ppm (slightly
(for the males significantly) increased

i nci dence of hepatocellular hypertrophy, dose-
related and statistically significantly

i ncreased incidence of hepatic single cel
necrosis in both sexes, and dose-related (for
the mal es significantly) increased incidence of
hepati c kupffer cell hyperplasia and pigment
accunul ati on) that occurred in nost cases in a
dose-rel ated manner, a cl ear NOAEC coul d not be
determ ned and consequently, the LOAEC for mce
was considered to be 25 ppm

(2) wvalid with restrictions

reliable with restrictions

Critical study for SIDS endpoi nt

(122)

Two communi cations inform about DMF used as

i nactive solvent-control in former
carcinogenicity studies. In the study of
Craddock (1971) DWMF dissolved in saline was
adnm ni stered at a dose of 500 nmg/ kg by i.p.
injection to six albino rats of the Porton
strain. 30 mnutes after this treating, doses of
6, 9, 12, 30, 33 and 36 nmg Di net hyl nitrosam ne
(DWN)/ kg were adm nistered to the rats

(one rat/dose). Wth respect to further

exam nati ons, special attention was paid to the
l'iver.
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According to the author,

none of the animls

treated with DMF before receiving varyi ng doses

of DWN devel oped |iver
In the study of van Duuren et al.

[iver tunors.
(1971) 30

nodul es or

female I1CR/Ha Swiss mce were given weekly s.c.
injections of DMF dissolved in 0.05 m of a

vehi cl e (not

readabl e). Concurrent untreated,

vehicle-treated and positive control

(chl oronet hyl
paral | el
survi val
DMF-treated m ce.

06- MAR- 2003

5.8.1 Toxicity to Fertility

Type:
Speci es:
Sex:
Strain:
Rout e of adm nistration:
Exposure Peri od:
Frequency of treatnent:
Premati ng Exposure Peri od
mal e:
femal e:
Dur ati on of test:
Doses:
Control G oup:
Met hod: ot her:
GLP: no
Test subst ance: ot her

Renmar k:

TS: N, N- di net hyl f or mam de,

nmet hyl ether) mce run in
Duration of the test and nedi an
time were 75 weeks for the
No tunprs were observed.
(220) (221) (222) (223)

One generation study

rat
mal e/ f emal e
ot her: CD
der mal
up to 164 days
daily
0, 28, or 56 days
0, 28, or 56 days
164 days
500, 1000, 2000 nmg/kg/d
yes

no data

no further data

The reproductive effect of the test substance

was investigated in 11 groups of 10 male and 20

femal e rats,
into several
premating 2 (days 29-56),

72),

each. The study period was divided
stages: premating 1 (days O0-28),
first mating (days 57-

first gestation (days 73-94), first
| actation (days 95-116), rest period (days 117-
second mating (days 128-143), second

127),

gestation (days 144-164).

Two contro

groups were given a placebo

t hr oughout the study.

Three groups (sequence |) were treated on days
0-28 with the test substance at the different
dose levels and received a placebo on the
remai ni ng days.
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Femal es of 3 groups (sequence Il) received the
test substance during mating and gestation (days
57-94 and 128-164) and were given a placebo

on the remaini ng days; nales of these groups
were given a placebo. The |last 3 groups
(sequence I11) were given the test substance

t hr oughout the study.

Fla litters were delivered naturally, Flb litter
were delivered by caesarian section on
gestational day 20 (day 164 of the study).

Body wei ght gains and final body weights were
reduced in males of sequence | and Il given
1000 and 2000 ng/kg/d and in fenmal es of sequence
Il and I'll given 2000 ng/ kg/ d.

Mortality was increased anong the sequence ||
femal es given 1000 and 2000 ng/ kg/ d; death was
attributed to chronic respiratory infection.
There were no abnornmal behavioural reactions
anong parental aninmals during the investigation.
Gross and hi st opat hol ogi cal exam nati on of 10
mal es and 10 femal es of the control groups and
2000 ng/ kg/ d groups of each treatnment sequence
reveal ed no difference between test and contro
ani mal s. Reproductive ability was not affected
by the test substance.

Fewer pups were delivered and retained during
the lactation period by femal es of sequence I
and 111 given 2000 ng/ kg/d. Pup survival was
reduced in sequence Il and |1l groups given 1000
or 2000 nmg/kg/d. Litter size and pup survival of
the other groups were simlar to control.

Adm ni stration of 2000 ng/kg/d in sequences I,
1, and Ill resulted in a reduction in the
numbers of viable pups per litter in the Flb
litters delivered by caesarian section.
Generally, these decreases were the result of
reduced numbers of corpora |utea and

i nplantation sites per female in those groups.
Treatment with 500 or 1000 ng/ kg/d did not

af fect ovul ation, inplantation, or fetal
survival. Fetal body wei ghts remi ned

unaf fected. Exam nation of fetal external

devel opnent and the internal devel opnment of the
control, and 2000 ng/kg/d | evels reveal ed no
di fferences between test and control groups
whi ch could be attributed to the test substance.
An increase in the percent of fetuses with

i nconpl etely or non-ossified sternum sections
was observed anong the pups obtained from
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femal es of the 2000 ng/ kg/d groups.
However, according to the authors, the val ues
obt ai ned were not out of the normally expected
range experienced at the | aboratory and were not
attributed to the test substance.

26- SEP-2000 (224)
Type: ot her: reproductive toxicity using the
conti nuous

br eedi ng protocol
Speci es: nouse
Sex: mal e/ f emal e
Strain: CD-1
Rout e of adm nistration: dri nki ng water
Exposure Peri od: see under RM Task 1-4

Frequency of treatnent:
Premati ng Exposure Peri od
mal e:
femal e:
Dur ati on of test:
Doses:

Control G oup:
NOAEL Parent al :
NOAEL F1 O f spri ng:
NOAEL F2 O f spri ng:

Met hod: ot her:
Year : 1992
GLP: yes
Test substance: ot her

Renar k:

conti nuous breeding protocol

TS: N, N-di et hyl f or mam de,

DMF was eval uated for

continuously in the drinking water

7 days (Task 2)

7 days (Task 2)

up to the F2 generation
1000, 4000, 7000 ppm (ca
1455 g/ kg/ d)

yes, concurrent vehicle
< 1000 ppm

1000 ppm

< 1000 ppm

219, 820 and

(NTP)

purity > 99%

reproductive toxicity

usi ng the continuous breedi ng protocol.

Task 1:

range finding study,;

at 8 weeks of age

48 mal es and 48 femal es were randomly assigned

2-week exposure peri od,

to six treatment groups (8/sex/group). During a
animals were
housed singly. Animals received 0, 2500, 5000,

7500,

10, 000 and 15,000 ppm DMF in deionized
filtered tap water.

Feed and water consunption

and body wei ght were nmeasured weekly.
Animals were killed at the end of week 2.

Task 2:

FO cohabitation and | actation phase; at

11 weeks of age 100 male and 100 fenml e aninmals
were random y assigned (body wei ght -dependent)

to four dose groups.
of 40 mal es and 40 femal es,

The control group consisted

t he substance-

treated groups consisted of 20 mal es and 20
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femal es each. On the basis of the results of
Task 1 doses selected were 0, 1000, 4000 and
7000 ppm DMF. Exposure of males and femal es
takes place for one week before cohabitation
(animal s were housed individually), during 14
weeks of cohabitation (animls were housed in
breeding pairs), and for up to 14 weeks after
separation. After separation of the breeding
pairs at week 16 of exposure, the FO fenunles
were allowed to deliver and rear the fina
litter until PND 21.

Data coll ection: Body weights and feed and water
consunpti on were recorded during treatnent weeks
1, 8 and 16.

During the FO cohabitation the follow ng data
were recorded: litter interval, nunber, sex,
wei ght of pups/litter, nunmber of litters per
breedi ng pair and the postnatal day 0 dam

body wei ght.

On postnatal day 0, 4, 7, 14 and 21 of the

| actati on phase, pups were sexed, counted and
wei ghed

Task 3: crossover mating trial of control and
hi gh dose animals (a) control males x contro
femal es, b) high dose males x control fenales
and c) high dose females x control males);
starting at week 23 of exposure, the respective
animals will be cohabited for one week, during
this tinme exposure will be discontinued. The
breeding pairs will then be separated and dosi ng
will be reinstated as in Task 2.

Data col l ection: Upon delivery of each litter,
l ethality, gestation |ength, sex, nunmber, weight
of pups and dam wei ght were determ ned. Al
newborn litters were killed humanely

following evaluation. After all litters had been
delivered, vaginal smears were collected fromFO
femal es for 12 days.

At week 29 all FO animls were wei ghed and
necropsi ed after CO2 asphyxation. Liver and
pai red kidney with attached adrenal were wei ghed
for both sexes; for males right testis,

right epididym s, prostate and sem nal vesicles
wi th coagul ating gl ands and for femal es right
ovary with attached oviducts were wei ghed. All
ti ssues were preserved for histol ogica

exam nati ons.

Sperm eval uation (notility, concentration and
nmor phol ogy) fromthe right testis and epididyms
and honogeni zation resistant spermatid count
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Resul t:

were performed with the left testis.

Hi st opat hol ogy was done on all |ivers, Kkidneys
and adrenals, right testis and epididyms,
prostate, seninal vesicles, ovary and any gross
| esi ons observed.

Task 4: assessnent of effects on fertility of
the F1 generation using the control, [ow, md-
and hi gh-dose groups. On PND 21 randomy

sel ected F1-pups from each dose group were
weaned and housed in sanme-sex pairs by dose. At
74+/- 10 days of age, nmles and fenal es of
control- and substance-treated groups were
cohabi ted avoi ding sibling breeding pairs for
about 1 week. Due to reduced survival in

some of the dosed groups, especially in the 7000
ppm group, 20 nonsibling pairs were not
avai l abl e, so 15 pairs were cohabited, sone of
whi ch were siblings. Necropsy took place

at 119 +/- 10 days of age.

Data collection: litter data were collected as
described for FO adults in Task 3. After
delivery of the F2 litters vaginal snears were
collected for 12 days from Fl1 fenml es.

Body wei ght and feed and water consunption were
recorded at 74+/-10, 84 +/-10 and 112 +/-10 days
of age during F1 fertility assessnment. Materna
body wei ght was recorded upon discovery of an F2
litter.

At necropsy F1 animals were wei ghed and dat a
col l ected as described for FO ani mals.

Hi st opat hol ogy was conducted on the sane organs
as for the FO animals with the exception of
the sem nal vesicles.

Si nce crani ofacial malformations were observed
in sonme F1 pups selected F2 litters were
preserved on postnatal day 1 and eval uated for
whol e body skel etal malformations and soft
tissue mal formati ons of the head.

Sel ected adult F1 animls were evaluated for
skel etal mal formations.

Mal e and fermale m ce were exposed at doses of
1000, 4000 and 7000 ppm Average doses in 1000
ppm mal es ranged from 182+/-6.9 ng/ kg bw d on
week 1 to 187.9+/-27.7 nmg/ kg bw/ d on week 27.
Fermal es consunmed 256+/-38 to 193+/-11.1 ng/ kg
bw d for the same period. Doses for 4000 ppm
ranged 545+/-29 to 845 +/-39 nmg/ kg bw d in FO
mal es and fenmal es. At 7000 ppm 1026+/-42 to
1578+/ -104 mg/ kg bw d were consuned.

UNEP PUBLICATIONS 171



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

For F1 aninmals (week 12 - 16) average doses
ranged from 213+/-16 to 315+/-13 ng/ kg bw d at
1000 ppm 1006+/-30 to 1172+/-36 ng/ kg bw d at
4000 ppm and from 1684+/-113 to 2160+/ -72 ng/ kg
bw/ d at 7000 ppm In general, females consuned
nore DMF per kg body wei ght than did nales, nost
likely due to pregnancy. No dose-rel ated
clinical signs or increased incidence of
nortality were observed for the FO ani mal s.

At all dose levels in FO mce, there was

i ncreased |iver weight for males and increased
absolute and relative liver weights and
increased relative kidney plus adrenal weights
in femal es. Moreover at necropsy body wei ght was
significantly depressed in the fermal es of the
7000 ppm group. Although liver histopathol ogy
was only exam ned in DMF-treated m ce exhibiting
gross hepatic lesions (2/10 high dose nmal es and
2/ 10 m d- dose females), all those exam ned
exhi bited centril obul ar hepatic hypertrophy.
Reproductive toxicity was observed in the FO
generation, primarily at the m d- and high dose
| evel s. At 4000 and 7000 ppm fertility and
fecundity were reduced; F1 pup postnatal
survival at 4000 and 7000 ppm was reduced during
t he pre- and post- weaning periods, and F1 pup
body wei ght was reduced at the m d and high
doses. Surviving F1 pups in the md- and high-
dose groups exhi bited crani of aci al

mal f ormati ons. The proportion of litters with
one ore nmore pups with an abnormal appearance
was 10.5% 90.0% and 77.8% for the 1000, 4000
and 7000 ppm groups, respectively, conpared to
7.9% for the control group. Because of decreased
fertility, increased prenatal death and
postnatal cannibalismin the high dose group a
slight reduction in the percentage of litters
with mal formed pups was seen in conparison to
t he m d-dose group. At FO necropsy, sperm
paraneters, and estrous cycle I ength were not
adversely affected, with the exception of a
decreased number of females in the high dose
group having normal cycles and of a slight
decrease in spermconcentration at the | ow and
t he high dose. However, microscopic evaluation
of the reproductive organs reveal ed no

hi st opat hol ogy due to DMF treatnent.
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The crossover mating trial was not able to
determ ne the gender responsible for the
decrease in fertility observed i the continuous
breedi ng phase of the study. However, females
treated with 7000 ppm produced sonewhat small er
litters conpared to control pairs or the treated
mal es and pup weights were |ower fromtreated
femal es conpared to those sired by treated

mal es. These data suggest that the fenmale

was the sex affected by DMF exposure. In
additi on, 7000 ppm fermal es mated to control

mal es produced pups with mal formati ons siml ar
to those observed in Task 2. Further

exam nations of pups from 7000 ppmtask 3
femal es reveal ed abnormal ossification of the
crani al plates and abnormal or inconplete
formati on of the sternebrae.

The selected nal es and femal es of the F1
generation for inclusion in the reproductive
performance eval uation of the F1 generation
showed reduced body weights in the md- and

hi gh-dose group (from PND 74 to necropsy). In
the F1 mating trial, the mating index was
reduced at 7000 ppm while the pregnancy index,
litter size and proportion of pups born
alivel/litter were reduced at 4000 and 7000 ppm
Li ve pup wei ght was reduced at all doses.

Mal formati ons of F2 pups were simlar to those
observed for F1 litters of FO

pairs. The proportion of externally malforned
pups was 0, 27.7, 60 and 75% in the control,

| ow-, md- and high- dose groups.

The F1 animals of all DMF-treated groups had an
increase in liver weight in males and fenmal es
associated with centril obul ar hepatocell ul ar
hypertrophy. F1 estrous cycles were
significantly longer in the 7000 ppm fenal es
conpared to the control females. Eval uation of
F1 reproductive tissues reveal ed sone
significant reproductive effects for males but
not for females. Relative prostate wei ght was
decreased at all doses as was absolute prostate
wei ght in males of the m d- and hi gh-dose group
and epi didym dal spermatozoa concentrati on was
decreased at the high dose.

At necropsy, Fl1 animals from each DMF dose group
and the control group (5 femal es/5 mal es, each)
sel ected for skeletal evaluation exhibited

mal f ormati ons persistent frombirth at 4000 ppm
and above.
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Fl ag:
27- MAY- 2003

In summary, the MID for generalized toxicity was
1000 ppm for both the FO and F1 generation.
According to the authors, the NOAEL for
generalized toxicity could not be determ ned for
either the FO or F1 generation.

Significant reproductive and devel opnent al
toxicity was observed at 4000 ppm for the FO and
F1 generation in the presence of sone genera
toxicity.

(2) valid with restrictions

reliable with restrictions

Critical study for SIDS endpoint

(225) (226)

5.8.2 Developmental Toxicity/Teratogenicity

Speci es: r at Sex: femal e
Strain: Spr ague- Dawl ey
Rout e of adm nistration: i nhal ati on

Exposure peri od:

day 4-8 of gestation

Frequency of treatnent: 6 h/d

Dur ati on of test:
Doses:
Control G oup:

Met hod:
GLP:
Test substance:

Resul t:

until day 20 of gestation
ca. 0.67, 1.58 nmg/l (220, 520 ppm
yes, concurrent no treatnent

ot her: BASF-t est
no
as prescribed by 1.1 - 1.4

The teratogenic effects of the test substance
were investigated in a total of 55 rats (18, 17,
and 18 rats in the high dose, |ow dose, and air-
control group, respectively). Al animls were
sacrificed on day 20 of gestation.

In the high dose group, body wei ght gain of the
danms was significantly reduced; this
concentrati on had enbryol et hal and enbryot oxic
effects. No teratogenic effect was detected; the
nunmber and type of malformations corresponded
to those in the air control group and the
changes which are known to occur spontaneously
i n Sprague- Dawl ey rats.

In the | ow dose group, a slight decrease in
mat er nal body wei ght gain was observed. Feta
wei ghts and | engths were significantly
decreased. However, the nunber and type of

the retardations and variations corresponded to
those in the control group; thus, the reduction
in weight and size of the fetuses could not be
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assessed as the expression of fetotoxicity.

Test substance: N, N- di met hyl f ormam de; purity >=99. 9%

07- MAR- 2003 (227) (228) (229) (230) (231)

Speci es: r at Sex: femle

Strain: Spr ague- Dawl ey

Rout e of adm nistrati on: i nhal ati on

Exposure period: day 0-1, 4-8, 11-15, or 18-19 of

gestation

Frequency of treatnent: 6 h/d

Duration of test: until day 21 post partum

Doses: ca. 0.87 nmg/l (287 ppm

Control G oup: yes, concurrent no treatnment

Met hod: ot her: BASF-t est

GLP: no

Test substance: as prescribed by 1.1 - 1.4

Remar k: According to TSCATS: OTS 0521155, Doc. |D. 86-
890000649, exposure was carried out on
gestational days 0-3, 6-10, 13-18.

Resul t: The prenatal, perinatal and postnatal toxicity
of the test substance was investigated. A total
of 30 rats was exposed to vapours of the test
substance, control rats inhaled normal air. On
day 20 of gestation, 20/30 treated rats were
sacrificed and the fetuses were excised for
exam nati on.

The remaining rats were allowed to litter
naturally; these rats and their offspring were
sacrificed on day 21 post partum

Exposure to the test substance resulted in a
decreased body weight gain. A fetotoxic effect
was detected: nean fetal weights were decreased,
t he number of retardations and variati ons was
increased in the treated group. No teratogenic
eff ect was observed; the nunmber and type of

mal formation found in the treated group fetuses
was simlar to control.

There were no adverse effects on the behavi our
of the animals during delivery. Mean wei ght gain
of the offspring of treated dans, viability

i ndex and lactation index were unaffected.
Absol ute and rel ative organ wei ghts were not
significantly different fromcontrol. Necropsy
of the offspring reveal ed no pathol ogi cal
changes of the internal organs.

Test substance: N, N- di nmet hyl f ormam de; purity >=99. 9%

07- MAR- 2003 (232) (233) (234) (235)
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Speci es: r at Sex: female

Strain: Long- Evans

Rout e of adm nistration: i nhal ati on

Exposure period: day 6 to day 15 of pregnancy

Frequency of treatnent: 6 h/day

Duration of test: until day 20 of gestation

Doses: 18; 172 ppm (ca. 0.055; 0.52 ng/l)

Control G oup:

yes, concurrent vehicle

NOAEL Mat ernal Toxity: ca. 172 ppm

NOAEL Ter at ogenicity: ca. 172 ppm

Met hod: ot her: accordi ng to standardi zed net hods of
Lorke D.: Naunyn- Schm edeberg's Arch. exp.
Pat hol . Pharmakol , 246, 147, (1963) and
Lorke D.: Naunyn- Schm edeberg's Arch. exp.
Pat hol . Pharmakol ., 250, 360, (1965)

GLP: no

Test substance:

Remar k:

Resul t:

ot her TS: N, N- D net hyl f ormam de, no further data

Femal e rats wei ghed 200-250 g and were 2.5 - 3.5
nonth ol d at the beginning of the study. After
mating (2 females :1 mal e, overnight; vagina
snmears were prepared and the day sperm were
observed was designhated day 0 of gestation) the
femal es were housed singly and were exposed in
groups of 22-23 animals to analytical measured
concentrations of 17.8 +/- 5.5 ppm DM and to
172.3 +/- 36.7 ppm DMF for 6 h/day on

10 consecutive days (gestation day 6 to 15). DWF
was di ssol ved in polyethylene glycol 400. The
vehicle control animals inhaled 20 m®B3/1 air.
Cesarean sections were perfornmed on gestation
day 20. The average wei ght of the fetuses/litter
was determ ned and all fetuses were exam ned for
external deformties. Approx. 1/3 of al
fetuses/litter were exam ned for viscera
deformties using the 'WIlson Techni que' (1965)
nodi fi ed by Machener and Stenger (1971). The
remai ni ng fetuses were exenterated and

abdom nal and thoracal organs were eval uated.
The fetuses were stained according to Dawson
(1926) for skeletal exam nations.

Al animals survived until cesarian section.
The conception rate was not influenced by DW
exposure (85% 100% and 100% were pregnant in
the control, the 18 ppm and the 172 ppm group
respectively).

The inhal ation of DMF up to about 172 ppmin the
present study was not toxic to pregnant rats nor
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occurred teratogenic effects in the fetuses.
The only finding observed in the fetuses was a
significantly | ower nmean body wei ght of the
fetuses fromthe 172 ppm group in conparison to
the controls. However, eval uation of the
skel etons showed a nornmal age- dependent
devel opnment .
| sol ated deformties of the skeleton occurred in
all test groups including the control. According
to the authors frequency and type were within
the normal range for this strain of rats.
In the present study fetotoxicity was found at
172 ppm DVMF, thus the NOAEC for fetotoxicity was
18 ppm

Reliability: (2) wvalid with restrictions
reliable with restrictions

Fl ag: Critical study for SIDS endpoint

11- SEP- 2001 (236)

Speci es: r at Sex: no data

Strain: no data

Rout e of adm nistration: i nhal ati on

Exposur e peri od: days 1-19 of gestation

Frequency of treatnent: 4 h/d

Doses: 5x10E-5, 6x10E-4 ng/|

Control G oup: yes, concurrent no treatnent

Met hod: ot her: no data

GLP: no data

Test subst ance:

other TS: N, N-di nmethyl formam de, no further data

Remar k: No mat ernal effect was observed, but fetal
growt h was reduced at the | ower dose and growth
retardati on and postinplantati on enbryoni c death
were seen at the higher dose. The nunmber of the
post natal deaths was increased in the higher
dose group.

No further data or effects avail able.

07- MAR- 2003 (237)

Speci es: r at Sex: femal e

Strain: other: Crl:CD (Sprague-Daw ey)

Rout e of adm nistration: i nhal ati on

Exposure period:

days 6 - 15 of gestation

Frequency of treatnent: 6 h/d

Dur ati on of test:
Doses:
Control G oup:

21 days
30, 300 ppm (ca. 0.09, 0.91 ng/l)
yes, concurrent no treatnent

NOAEL Mat ernal Toxity: ca. .09 ng/l
NOAEL Ter at ogenicity: > .91 g/l
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Met hod: ot her: no data
GLP: no data

Test substance:

Renmar k:

Resul t:

ot her TS: N, N-di net hyl f ormam de, no further data

Female rats, 12 to 14 weeks of age were mated
1:1 with male rats of the sane strain. Goups of
21 mated rats were exposed to 30 or 300 ppm DVF
by whol e body exposure fromday 6 to day 15 of
gestation for 6 h/day. DMF was generated by
passing a stream of dry air through bubblers
cont ai ni ng DMF.

Anal ytical determ ned concentrations were 31.2
+/- 4.6 ppmand 297 +/- 22 ppm Control rats
wer e exposed to air only.

Dans were wei ghed on days 0, 6 through 15 and 21
of gestation. Clinical signs were recorded
daily. Cesarian section took place on day 21 of
gestation. The aninmals were investigated by a
gross pat hol ogi c exam nation. Corpora |utea were
counted and fetuses were renoved fromthe
uterus, the nunber of |ive, dead and resorbed
fetuses were recorded.

The fetuses were individually weighed, sexed and
exam ned for mal formati ons. Approx. 2/3 of the
fetuses per litter were exanm ned for viscera
alterations, after evisceration they were

stai ned for skeletal exam nations. Approx. 1/3
of the fetuses were fixed in Bouin's solution
and exam ned for neural and visceral defects
using the technique of WIlson (1965).

The teratogenic effects of the test substance
were investigated in groups of 21 rats.

Al femal e rats survived the testing period.
There were no substance-rel ated effects on the
dams of the 30 ppm group. In the 300 ppm group
the danms showed a significantly | ower weight
gain during the treatnent period (gestation day
6-15) when conpared to the control group (39

g in conparison to 50 g). Weight gain fromday 6
t hrough 21 was not significantly different but
approx. 10% | ower than that in the concurrent
control group.

At necropsy, there were no substance-rel ated
findi ngs.

Wth respect to reproductive effects, there was
no effect on pregnancy rates but in the 30 ppm
group a significantly | ower mean nunber of

i mpl antati ons and fetuses was seen in comparison

178

UNEP PUBLICATIONS



OECD SIDS

DIMETHYI FORMAMIDE

5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
to the control group (12.7 versus 14.2 nean
i npl antations/female or 12.0 versus 13.7 live
fetuses/fenmnl e respectively). The nunber of
corpora lutea/female was slightly lower in the
30 ppm group than that of the controls
(14.6 versus 15.3). These findings were not seen
in the 300 ppm femal es. The nunber of
resorptions was unaltered by DMF exposure, but
t he nunber of dams with 2 or nore resorptions
(early and | ate) was highest in the 30 ppm
group.
According to the authors the reduction in the
number of fetuses at 30 ppmis regarded as an
unexpl ai nabl e, but not DMF-rel ated decrease in
ovul ation and inplantation rates.
The nunmber of fermales with one or nore
resorptions was within the ranges seen in
control fennles.
A reduction in nean fetal weight, but not |ength
was observed in fetuses fromdanms of the 300 ppm
groups (5.3 g versus 5.5 g in the control). This
was not seen at 30 ppm
Soft tissue and skeletal malformations were
conpar abl e between the control and the DM
treated groups. Isolated findings of gross
external mal formations were seen in two
fetuses of the 30 ppmgroup and in two fetuses
out of one litter in the 300 ppm group.
Thus, in the present study maternal and fetal
toxicity were seen at 300 ppm
The NOAEL was determ ned to be 30 ppm
According to the authors, these findings
suggested that the test substance was not
teratogenic even at a maternal toxic dose |evel
07- MAR- 2003 (238) (239)
Speci es: r at Sex: fenal e
Strain: Spr ague- Dawl ey
Rout e of adm nistration: i nhal ati on

Exposure period:

on days 6-15 of gestation

Frequency of treatnent: 6 h/day

Dur ati on of test:
Doses:

until day 21 of gestation
30, 300 ppm(ca. 0.09, 0.91 nmg/l)

Control G oup: yes
NOAEL Mat ernal Toxity: ca. .09 ng/l
NOAEL Ter at ogenicity: ca. .91 ng/l

Met hod:

ot her: according to FDA: "Cuidelines for
Reproduction Studies for Safety Eval uation of
Drugs for Human Use", Segment 11
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Year : 1966
GLP: no data

Test substance:

Renmar k:

Resul t:

other TS: N, N-dinmethyl formam de, no further data

The test substance was adm nistered to groups of
21 pregnant rats. The fermale rats were 12 to 14
weeks of age at the beginning of the study.
Overnight mating (1:1) was done and vagi nal
snmears were prepared. \Wen sperm and/ or vagi na
pl ug were observed the day was defined as day O
of gestation. Two control groups were used: one
chamber-air exposed (negati ve control)and one
group given 250 ng/kg/d of acetylsalicylic
acid (ASA) suspended in 0.5% Met hocel by gavage
(positive control) on gestation days 6-15.
Femal es were sacrificed on gestation day 21.
Fetuses were evaluated for external, soft

ti ssue and skel etal malformations.

Al 21 female rats each of the negative and the
two DMF-treated groups survived the testing
period. In the positive control group two
animal s di ed, one on day 11 and one on day 6 of
gestation. According to the authors, these
deaths were not related to ASA adm nistrati on
but assumed to be due to dosing accidents
because of the lung | esions observed in these
ani mal s.

There were no substance-rel ated effects on the
dams of the 30 ppm group. In the 300 ppm group
the dans showed a significantly | ower weight
gain during the treatnment period (gestation day
6-15) when conpared to the control group (39 ¢
in conparison to 50 g). Fromday 15 through 21
of gestation the animals recovered and wei ght
gai n was conparable to that of the concurrent
negative control group

At necropsy, there were no substance-rel ated
findings.

Wth respect to reproductive effects, there was
no effect on pregnancy rates (100% 94.7% 100%
and 100% in the negative control, the positive
control and the 30 ppm and 300 ppm DMF group,
respectively) but in the 30 ppmgroup a
significantly |ower nean nunber of inplantations
and fetuses was seen in conparison to the
negative control group (12.7 versus 14.2

nmean i npl antations/femal e and 12.0 versus 13.7
live fetuses/femal e, respectively).
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The nunber of corpora lutea/female was slightly
| ower in the 30 ppm group than that of the
negative controls (14.6 versus 15.3). These
findings were not seen in the 300 ppm femal es.
The mean nunber of resorptions was unaltered by
DMF exposure (0.5, 0.8 and 0.5 in the negative
control, the 30 and the 300 ppm DMF group,
respectively), but the nunber of danms with 2 or
nore resorptions (early and | ate) was highest in
the 30 ppmgroup (1/21 in the negative control,
4/ 21 in the 30 ppm DMF and 2/21 in the 300 ppm
DMF group, respectively).

According to the authors the reduction in the
nunmber of fetuses at 30 ppmis regarded as an
unexpl ai nabl e, but not DMF-rel ated decrease in
ovul ation and inplantation rates.

The nunmber of fermales with one or nore
resorptions was within the ranges seen in
control fennles.

The statistically significantly decrease in

i nplantation efficiency in the 30 ppm group in
conparison to the negative control (87.3% versus
92.59% was, according to the authors, in part
attributable to a single female in this group
t hat had an unusually | ow nunber of inplants and
hi gh number of corpora | utea.

A reduction in nmean fetal weight, but not l|ength
was observed in fetuses fromdanms of the 300 ppm
groups (5.3 g versus 5.5 g in the negative
control). This was not seen at 30 ppm

The incidence of fetuses with ossification
variations was significantly higher in the 300
ppm DMF group when conpared to the negative
control (75.0% versus 60.2%, however the

i ncidence of litters containing fetuses with
ossification variations was conparable to the
negative control group Soft tissue and skeleta
mal f or mati ons were conparabl e between the
negative control and the DMFtreated groups.

| sol ated and not dose-related findings of soft
tissue mal formati ons were seen in one fetus of
the 30 ppm group (di aphragmatic hernia) and in
two fetuses out of one litter in the 300 ppm
group (vacuoles in the |lens of the eye).
Positive control fermales gained | ess body wei ght
during the dosing and post-treatnent period when
conpared to negative control values and had
fewer fetuses and higher incidence of
resorptions. The fetuses were smaller, had a

hi gher nunber of ossification variations and an

UNEP PUBLICATIONS 181



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Reliability:
Fl ag:
11- MAR- 2003

Speci es:
Strain:

i ncreased incidence of external, soft tissue and
skel etal mal formati ons. A dose of 250 ng/kg/d of
ASA was consi dered to be enbryotoxic and

t er at ogeni c.

Thus, in the present study maternal and fetal
toxicity were seen at 300 ppm

The NOAEC for maternal toxicity and fetotoxicity
was determ ned to be 30 ppm

According to the authors, these findings
suggested that the test substance was not
enbryot oxi ¢ or teratogenic at 30 ppm and non-
teratogenic even at a maternal toxic dose |eve
of 300 ppm DMF.

(2) wvalid with restrictions

reliable with restrictions

Critical study for SIDS endpoi nt
(82)

rabbit Sex: female
Hi mal ayan

Rout e of adm nistration: i nhal ati on

Exposure period:

day 7 - 19 post insem nation

Frequency of treatnment: 6 h/d

Dur ati on of test:
Doses:

Control G oup:

until day 29 post insem nation

50, 150, 450 ppm (ca. 0.15; 0.45; 1.36
ng/l)

yes, concurrent no treatnent

NOAEL Mat ernal Toxity: ca. .15 ng/l
NOAEL Ter at ogenicity: ca. .15 ng/l
Met hod: OECD Gui de-line 414 "Teratogenicity"
Year : 1981
GLP: yes

Test substance:

Remar k:

as prescribed by 1.1 - 1.4

15 femal e Hi mal ayan rabbits per group were used.
At the start of the study (i.e. day 0 = day of
artificial insem nation), the animls weighed
about 2.7 kg and were about 32-41 weeks ol d.
Ani mal s of the negative concurrent control were
exposed to air, for the DMF-treated groups
concentrations of 50, 150 and 450 ppm were
chosen. The aninmals were treated with DMF vapor
by whol e- body exposure on day 7 through day 19
post insem nation. During exposure food and
wat er were w thdrawn. Post-treatnent period

| asted fromday 20 p.i. until the day the
animals were sacrificed (29 p.i.).
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The anal ytically determ ned concentrati ons were
calculated to the nean of the overal
concentration and were 51 ppm 148 ppm and 452
ppm respectively.

Resul t: Wth respect to survival of the treated ani nals,

one animal of the m d dose group was sacrificed
on day 27 p.i. due to abortion. In the contro
group one aninmal with rhinitis was sacrificed on
day 7 p.i. and one animal died on day 16 p.i.
Necropsy findings for these animals were of
I nci dental nature.
Mat ernal toxicity was observed at 150 ppm
(static weight during exposure) and at 450 ppm
(body wei ght |oss of about 34.4 g between days 7
and 10 p.i. and static weight until day 19
p.i.). No clinical synptons or autopsy findings
that could be related to treatnment were seen. No
effects on uterine wei ghts or reproduction data
wer e observed. Enbryo-/fetotoxicity
(significantly reduced fetal body weights, i.e.
mean fetal body weight was 37.7 g in conparison
to 43.7 g in the concurrent control group) was
observed at the hi ghest concentration which was
mat ernal toxic. In this group, the incidence of
mal f ormati ons(especially hernia unmbilicalis in 7
out of 86 fetuses in 4 out of 15 litters) and
variations (mainly skeletal, i.e. skull bones
and sternebrae) was significantly increased. A
slight increase was found for externa
variations (i.e. pseudoankylosis in 6 out of 86
fetuses in 2 of 15 litters).
Total mal formations occurred at a fetal incidence
of 15 and a litter incidence of 9 at 450 ppmin
conparison to a fetal incidence of 3 and a litter
i ncidence of 2 in the concurrent control. Fetal
and litter incidences for total variations at 450
ppm were 77 and 15, respectively in conparison to
29 and 11 in the concurrent control.
One hernia unmbilicalis ambng 75 fetuses was
observed in the 150 ppm group, the nunmber of
skel etal variations was also increased in this
group but without being statistical significant.
At the | owest concentration (50 ppm neither dans
nor fetuses showed any adverse effect.
Thus, maternal toxicity was seen at 150 and 450
ppm and cl ear signs of enmbryo-/fetotoxicity
i ncluding indications of teratogenicity were seen
at the highest concentration tested.
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According to the authors, the NCEL for materna
toxic effects and fetotoxic effects was 50 ppm

Reliability: (1) valid without restriction reliable wthout
restrictions

Fl ag: Critical study for SIDS endpoint

11- MAR- 2003 (240) (241)

Speci es: r at Sex: female

Strain: Spr ague- Dawl ey

Rout e of adm nistration: gavage

Exposure peri od:

days 6 - 15 of gestation

Frequency of treatnent: daily

Dur ati on of test:
Doses:

Control G oup:

until day 20 of gestation

176, 533 and 1600 pl/kg (about 167,
506, 1520 ng/kg)

yes, concurrent no treatnent

NOAEL Mat ernal Toxity: ca. 167 ny/ kg bw
NOAEL Ter at ogenicity: ca. 167 ng/ kg bw
Met hod: other: in accordance with the FDA gui delines

Year :
GLP:
Test substance:

Remar k:

(Guidelines for reproduction studies for safety
eval uation of drugs for human use, Food and Drug
Adm ni stration, Washi ngton 1966)

1966
no
as prescribed by 1.1 - 1.4

DMF was di ssolved in distilled water and
adm ni stered by gavage (to a volunme of 5 m /kg
body weight) to 19-23 pregnant femal es/ group
fromday 6 to day 15 of gestation

Each treated group had an untreated control of
18- 23 pregnant females. The female rats were

i mpregnated overni ght by untreated nmal es of the
sane strain and of proven fertility. When sperm
were detected next norning in the vagi nal snear,
the day was defined as day 0O of gestation.
Cesari an section was carried out on day 20 of
gestation.

Body wei ght was determ ned three tinmes a week,
clinical signs and nortality were checked each
day. At sacrifice all animls were exam ned for
gross pat hol ogi cal changes and uterine contents
were investigated. All fetuses were exani ned
for external changes (mal formati ons, variations,
retardations) and 2/3 of the fetuses in each
litter were exam ned for skeletal - and 1/3 of
the fetuses of each litter were exam ned for
soft tissue malformations, variations and
retardations. For the assessnment of the
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Resul t:

skel etal system fetuses were treated by a
nodi fi ed Dawson nethod (1926). Assessnent of the
organs of the fetuses was perfornmed according to
the Wl son method (1965).

Wth the exception of one animal in the high
dose group, that died on day 10 p.c., al
animals survived until term nation of the study.
Mat ernal toxicity occurred at 1520 and 506 ngy
DMF/ kg shown by a dose-dependent decrease in
body wei ght gain. At 1520 ng/ kg a clear
stagnati on of body weight gain during the

time of test substance application (day 6-15 of
gestation) was observed.

Enbryol ethality occured at 1520 ng DWF/ kg. About
63% of the inplants were resorbed, thus the
number of live fetuses (85 in conparison to 265
live fetuses of the concurrent control) was

di stinctly reduced. Mean pl acental weight was
significantly reduced and live fetuses of this
group had significantly reduced nean body wei ght
and showed an increased incidence of skeletal
retardations. At this dose teratogenicity
occurred. About 12 % i.e. 10 fetuses of the
85 live fetuses had one or nmore malformations in
the form of anasarca (9 fetuses), aplasia of the
tail (2 fetuses) and micrognathia (1 fetus) as
well as mal formations of the vertebral columm
(mainly aplasia), ribs and sternum

At the dose of 506 ng/ kg enbryolethality
occurred; about 11% of the inplants died mainly
in the early part of pregnancy.

Si gns of enbryo-/fetotoxicity were seen in the
formof significantly reduced nean fetal body
wei ght and reduced nean placental weight as well
as an increased incidence of skeletal and organ
retardati ons and/or variations. The or al

adm ni stration of 506 ng DMF/ kg also led to
teratogenicity in about 9.47% (25 of 264
fetuses) of the live fetuses in the form of
anasarca (1 fetus), aplasia of the tail (2
fetuses) and atresia ani (1 fetus), cleft palate
(1 fetus) and open eyelid (1 fetus) as well as
mal formati ons of the vertebral colum (split or
apl astic vertebrae).

At the dose of 167 ng/ kg neither maternal
toxicity nor clear enbryo-/fetotoxicity or
teratogenicity occurred. The only finding was
slightly but significantly and dose-rel ated
reduced nean pl acental weight
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(0.50 g versus 0.52 g in the concurrent
control), however the nunmber of live fetuses
and fetal weights of the | ow dose were
conparable to the respective concurrent control
or even higher
Thus, the NOAEL for maternal toxicity and
enbryo-/fetotoxicity was determ ned to be 167
ng/ kg bw.

Reliability: (2) wvalid with restrictions
reliable with restrictions

Fl ag: Critical study for SIDS endpoint

11- MAR- 2003 (242) (241)

Speci es: rat Sex: female

Strain: Spr ague- Dawl ey

Rout e of adm nistration: gavage

Exposure period:

day 10-14 of gestation

Frequency of treatnent: daily

Dur ati on of test:

Doses:
Control G oup:

Met hod:
GLP:
Test substance:

Resul t:

07- MAR- 2003

Speci es:
Strain:

until day 20 of gestation or day 46
post partum

750 my/ kg/ d

ot her: Aqua dei oni zed

ot her: no data
no data
ot her TS: N, N-di net hyl f ormam de, no further data

mat ernal toxicity: no data
In the present conbined teratogenicity and
reproduction toxicity study no data were given
with respect to maternal toxicity.
The fetuses, exam ned on day 20 of pregnancy,
did not show mal formati ons but reduced fetal
body wei ghts and del ayed skel et al
mat urati on/ossification as well as an increased
i nci dence of synostosis of the sternebrae.
The pups eval uated 46 days post partum showed
al so del ayed body wei ght gain and del ayed
ossification of sone parts of the skull as well
as irregular ossification if the sternum
Ef fects on behavi or and brain wei ght were not
observed.

(243) (244)

r at Sex: fenale
ot her: ChR-CD

Rout e of adm nistration: gavage

Exposur e peri od:

on day 6, 12, or 18 of gestation

Frequency of treatnent: si ngl e dose

Dur ati on of test:
Doses:

until day 20 of gestation
40, 200, 1000 ny/kg/d
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Control G oup: yes, concurrent vehicle
Met hod: ot her: no data
GLP: no

Test substance:

Resul t:

Test substance:

other TS: N, N-di net hyl formam de technical, no
further data

The possible teratogenic and abortifacient
effects of the test substance were studied in 15
rats, 6 of which were adm nistered the vehicle
only (control). The remaining 9 rats were given
the test substance on day 6, 12, or 18 of
gestation at dose |evels of 40, 200, or 1000
nmg/ kg/ d, so that only 1 rat/dose

| evel /application tinme was used.

According to the authors, the test substance had
no significant abortifacient or teratogenic

effect at any dose level or tinme of dosing.
N, N- di net hyl f or mam de; technical grade

15- AUG 2000 (245) (246) (247) (248)
Speci es: r at Sex: femnal e
Strain: Spr ague- Dawl ey

Rout e of adm nistration: gavage

Exposure period: gestation day (GD) 6-20

Frequency of treatnent: dai ly

Duration of test: until GD 21

Doses: 50, 100, 200, 300 ny/kg

Control G oup: yes, concurrent vehicle

NOAEL Mat ernal Toxity:

NOAEL Ter at ogenicity:

Met hod: ot her :
GLP; no data

Test substance: ot her

Rermar k:

ca. 50 ng/ kg bw
ca. 300 ng/kg bw

no data

TS: N, N-di met hyl fomam de of 99.9% purity
assessed by GC purchased from Prol abo,

Pari s

In the present study devel opnental toxicity and

pl acental and m Ik transfer of DMF in rats were
eval uated. For further information on placental
and m |k transfer see chapter 5.11 'other

rel evant

i nfformati on'.

Groups of 22-24 time-mated rats (mating
procedure one mal e: 2-3 fenal es housed overni ght;
the day sperm were detected in the vaginal snear
was considered to be day O of gestation)

recei ved daily doses of 50-300 nmg DMF/ kg by

gavage.

Dosi ng vol ume was 2m /kg.

Doses were

adj usted every 3 days throughout the treatnent
period from GD 6-20.
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Concurrent vehicle (distilled water) control
group consisted of 24 females. Al fenmales were
observed daily for clinical signs of toxicity.
Food consunption was neasured at 3-day
intervals starting on GD 6. Maternal body
wei ghts were recorded on GD 0, 6, 9, 12, 15, 18,
and 21. Animals were killed on GD 21. Uterus was
removed, wei ghed and uterine contents were
exam ned with respect to nunber of inplantation
sites, resorptions, live and dead fetuses. To
detect very early resorptions, uteri were
stained with ammonium sulfid. Live fetuses were
wei ghed, sexed and exam ned for external
anomalies. Half of the fetuses of each litter
were preserved in Bouin's solution and exan ned
for visceral changes, the other half were
processed for skeletal staining for skeletal
exam nati on.

Resul t: Maternal toxicity: Al females survived to the
end of the study. Maternal weight gain was
significantly reduced from GD 6-12 at 100 ng/ kg
and from GD 6-15 and 18-21 at 200 ng/ kg and
t hr oughout treatnment at 300 ng/kg. A significant
dose-rel ated decrease in maternal weight gain
and in corrected weight gain was seen between GD
6-21 at doses of 100-300 ny/kg. Food consunption
was al so significantly and dose-rel ated reduced
at 100-300 ny/ kg.
Fetal toxicity: fetal body weight/litter was
significantly and dose-rel ated reduced in the
100-300 ng/ kg dose groups.
The incidence of two skeletal variations
(unossified or inconpletely ossified
supraocci pital and sternebrae) was
statistically significant increased in fetuses
fromthe 200
and 300 ng/ kg dose groups. Thus the total nunber
with skeletal variations was significantly
i ncreased at 200 and 300 ng DMF/ kg, however,
even in the 50 and 100 ng/ kg groups a slight
(not statistically significant) but dose-related
increase in the total number with skel etal
vari ati ons was seen (nunber of fetuses
(litters): 21(11), 34(13), 48(16), 81(19),
125(20) in the control, the 50, 100, 200 and 300
ng/ kg group, respectively).
There was no significant increase in the
i nci dence of total malformations.
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According to the authors, the maternal and
devel opment al NOAEL was 50 ng/ kg.

However, since there were slight indications for
some enbryo-/fetotoxicity even at 50 ng/ kg bw,
the LOAEL for enbryo-/fetotoxicity should be set
at this dose |evel.

Reliability: (2) wvalid with restrictions
reliable with restrictions
Fl ag: Critical study for SIDS endpoi nt
11- SEP- 2001 (249)
Speci es: nouse Sex: fenmale
Rout e of adm nistration: gavage
Exposure period: si ngl e exposure
Frequency of treatnment: treatment on the individual days of
pregnancy (6.-15. day)
Doses: 1378 ng/ kg
Met hod: ot her
GLP: no
Test substance: as prescribed by 1.1 - 1.4
Resul t: mat ernal toxicity: not observed

A maternal toxic effect could not be caused on
the treatment days during pregnancy.

Slight enmbryo-/fetotoxic effects were seen on
days 8 to 11 and 14 of pregnancy.

No teratogenicity occurred.

07- MAR- 2003 (81) (250)

Speci es: nouse Sex: female

Strain: NIVRI

Rout e of adm nistration: gavage

Exposure peri od: days 6 - 15 of gestation

Frequency of treatnent: daily

Durati on of test: until day 18 of gestation

Doses: 193 and 580 pl/kg bw (about 183 and 551
nmg/ kg bw)

Control G oup: yes, concurrent no treatnent

NOAEL Mat ernal Toxity: ca. 551 ng/ kg bw

NOAEL Ter at ogenicity: ca. 183 ng/ kg bw

Met hod: other: in accordance with the FDA gui delines

(Gui delines for

reproduction studies for safety eval uation of
drugs for human use, Food and Drug

Admi ni stration, Washi ngton 1966)

Year : 1966
GLP: no
Test substance: as prescribed by 1.1 - 1.4
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Renmar k:

Resul t:

DMF was di ssolved in distilled water and
adm ni stered by gavage (to a volune of 0.2

m /ani mal at concentrations of

20- 30% aqueous solutions) to 24 pregnant

femal es/group fromday 6 to day 15 of gestation
Each treated group had an untreated control
group of 23 pregnant fermales. The femal e

mce were inpregnated in the norning (during two
hours) by untreated mal es of the sanme strain and
of proven fertility. \Wien a vagi nal plug was
observed after these two hours, the

femal es were regarded to be i npregnated and the
day was defined as day O of gestation. Cesarian
section was carried out on day 18 of gestation.
Body wei ght was determ ned three tinmes a week,
clinical signs and nortality were checked each
day. At sacrifice all animals were exam ned for
gross pathol ogi cal findings and uterine contents
were investigated. Al fetuses were exam ned for
ext ernal changes (nal formati ons, vari ations,
retardations) and 2/3 of the fetuses of each
litter were exam ned for skeletal - and 1/3

of the fetuses of each litter were exam ned for
soft tissue mal formations, variations and
retardations. For the assessment of the skeleta
system fetuses were treated by a nodified Dawson
met hod (1926). Assessnent of the organs of

the fetuses was perfornmed according to the

W | son net hod (1965).

At both doses tested no clinical findings nor
any nortalities were observed that could be
related to the test substance adm nistration. In
the | ow dose and the respective control group,
one ani mal of each group showed aborti on.

Body wei ght and body weight gain in the treated
animal s were conparable to the control aninmals.
Wth respect to fetal findings (enbryo-
/fetotoxicity) there was a statistically
significant decrease in nmean fetal weights (for
mal es and femal es and for both sexes combi ned)
at the highest dose group in conparison to the
concurrent control and also a decrease in feta
wei ghts (statistically significant for males and
femal es but w thout being statistically
significantly different when both sexes

were comnbined) in the | ow dose group in
conparison to the respective control group.
Fetal length was significantly reduced in the
fetuses of both treated groups and the nunber
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of runts was conconitantly increased. A dose-
response relationship was not seen for these
findi ngs.
The nunber of retardations and variations was
i ncreased in both substance-treated groups. In
the hi gh dose group 17 of 241 fetuses (7.05%
showed mal formati ons (e.g. cleft palate,
exencephal i es, hydrochephal us internus, aplasia
of the presphenoid). At 183 ng/ kg bw 4 of 245
fetuses (1.63% were nmalfornmed (three cleft
pal at es, one apl asia of presphenoid
and one fused rib). In the concurrent contro
groups 2 of 229 and 1 of 210 fetuses (i.e. 0.87%
and 0.48%, respectively had cleft palate
(a very common mal formation in nmce).
Thus, in the absence of maternal toxicity
enbryo-/fetotoxicity together with clear signs
of teratogenicity were seen at the high and
enbryo-/fetotoxicity without teratogenicity were
seen in the | ow dose.

Reliability: (2) wvalid with restrictions
reliable with restrictions

Fl ag: Critical study for SIDS endpoi nt

11- MAR- 2003 (242) (241)

Speci es: rabbi t Sex: femal e

Strain: ot her: Chbb: HM (Russian) = Hi mal ayan

rabbit

Rout e of adm nistration: gavage

Exposure period: day 6-18 post insem nation

Frequency of treatnent: daily

Duration of test: until day 28 post insem nation

Doses: 46.4, 68.1, 200 pl/kg (ca. 44.1, 65,

Control G oup:
NOAEL Mat er nal

Met hod:

Year :
GLP:
Test substance:

Renmar k:

Toxi ty:
NOAEL Ter at ogenicity:

190 ny/ kg/ d)

yes, concurrent no treatnent
ca. 65 ng/ kg bw
ca. 44.1 nmg/ kg bw

ot her: according to FDA Guidelines for
reproduction studies for safety eval uation of
drugs for human use. Food and Drug

Adm ni stration, WAshi ngton

1966

no

other TS: N, N-di net hyl formam de, no further data

The effects of the test substance on enbryonal
devel opnment were investigated in a total of 65
rabbits; 24, 12, 18, and 11 aninmals were used

for untreated control, |ow dose, m d dose,
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Resul t:

and hi gh dose group, respectively. The ani mals
were 20 to 47 weeks of age. The day of
artificial insem nation was defined as day 0 of
gestation. The doses applied corresponded to ca.
1/ 45, 1/30, and 1/10 of the approxi mte 50%

| et hal dose (ALD50).

DMF was di ssol ved in aqua bidest and was
adm ni stered by gavage at a volume of 10 m/kg
form day 6-18 post insem nation. The does were
sacrificed on day 28 p.i. and were investigated
by gross pathol ogi cal exami nati on.

During the study clinical signs of toxicity,
nortality and food consunption were recorded
daily. Body wei ght was determ ned three

ti mes/week and on days 0, 6, 12, 18 and 28
p.i.. At the day of cesarian section the uterine
content was exam ned with respect to the nunber
of inplantation sites, resorptions (very early
resorpti ons were exam ned by anmoni um sul fid
stai ning), nunmber of |live and dead fetuses

and the nunmber of corpora |utea was counted.
Sex, length and weight of live fetuses and the
respecti ve placental weight were determ ned. All
fetuses were exam ned for external malformations
and for skel etal exam nation they were X-rayed
in two |l evels (dorsoventral and |lateral). The
heads of all fetuses were fixed in Bouin's
solution and investigated according to the
techni que of WIlson (1965).

All animals survived until term nation of the
st udy.

In the high dose group, maternal toxicity was
observed. Body wei ght was significantly reduced
at the end of the treatnent period and al so on
day 28 p.i., body weight gain was significantly
reduced (animls even | ost weight) during

the entire treatnent period that was also true
for food consunption. 3 dans aborted, one on day
21, one on day 24 and one on day 28 p.i.. At
necropsy the liver of 1 dam was of a

clay-like color. Fertility index, nunber of
corpora lutea, number of inplantations and the
ratio of |live/dead fetuses were unaffected.

Pl acental weights and fetal weights as well as
fetal length were significantly decreased. The
i nci dence of malforned fetuses observed in 7
litters was increased (16/45 = 35.5%

hydr ocephal us internus (6 fetuses), exophthalma
(2 fetuses), ectopia visceralis (3 fetuses),
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Test substance:

Reliability:
Fl ag:
11- MAR- 2003

hernia unmbilicalis (7 fetuses) and cleft palate
(1 fetus) were observed. Three fetuses showed
mul ti ple mal formations.
In the md dose group, no clinical signs of
toxicity were observed. A transiently reduced
food consunption was noted during the treatnent
period, however, this had no effect on body
wei ght or body wei ght gain. Gross necropsy
reveal ed a clay-like colored liver in 1 dam
Mean number of inplantation and percentage of
live fetuses was decreased, however a dose-
response relationship was mssing for this
finding. Fetal paraneters, nunber and type of
variations and retardati ons were unchanged.
Three mal formed fetuses in two litters were
found. This incidence was not statistically
different fromcontrol, however, the type of
mal f ormati on (hydrocephal us i nternus) indicated
a substance-rel ated effect.
In the | ow dose group, no deaths or clinical
signs of toxicity were noted except a transient
reduction of food consunption during the
treatment period w thout any effect on body
wei ght or body wei ght gain. No substance rel ated
pat hol ogi cal findings were recorded, gestational
and fetal paranmeters were unaffected.
One fetus with mal formati on (hydrocephal us
i nternus) was found, however, this incidence was
in the range of control.
These results suggested that the NOAELS were
68.1 ul/kg/d (65 nmg/ kg/d) for maternal toxicity
and between 46.4 pl/kg/d (44.1 ng/ kg/d) and 68.1
pul / kg/d (65 nmg/ kg/d) for fetotoxicity. When
taking into account that a dose-response
relationship was m ssing for the findings of
decreased mean number of inplantations and
percentage of of live fetuses in the m d dose,
the NOAEL for enbryo-/fetotoxicity could be
set at 65 ng/ kg bw.
Cl ear signs of teratogenicity occurred at the
hi gh dose of 190 mg/ kg. The three mal f or med
fetuses at the m d dose indicated also a
substance-rel ated effect.
N, N- di net hyl f or mam de, purity 99.97 %
(2) wvalid with restrictions
reliable with restrictions
Critical study for SIDS endpoi nt

(251) (252)
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Speci es: r at Sex: female

Strain: Spr ague- Dawl ey

Rout e of adm nistration: der mal

Exposure period:

day 6-10 and 13-15 of gestation

Frequency of treatnent: daily

Dur ati on of test:

Doses:
Control G oup:
Met hod:
GLP:
Test substance:

Resul t:

07- MAR- 2003

Speci es:

until day 20 of gestation

ca. 95, 475, 950 ny/kg/d (100, 500,
1000 ul / kg/ d)

yes

ot her: BASF- Test
no

as prescribed by 1.1 - 1.4

The prenatal toxicity was investigated in a
total of 75 pregnant Sprague-Dawl ey rats; 22,
21, and 22 aninmals were applied 100, 500, and
1000 ul of the neat test substance,
respectively, 10 rats were applied 1000 ul of
bidistilled water (control). On day 20 of
gestation, all animals were sacrificed.
No signs of toxicity were observed in the
treated danms; onlys ome dans of the 1000 ul
group showed inflammatory reactions of the skin.
On necropsy, no dose-related changes in nmaterna
or fetal paraneters were observed. However, the
| ength of fetuses of the high-dose group was
significantly decreased. Malformations (minly
splitting of the thoraic vertebrae and wavy
ribs) were found in 7/268, 7/253,and 14/258 the
low, md, and high dose group while no
mal f ormati ons were found in controls. According
to the authors, the anomalies were in the range
of control

(253) (254)

rat Sex:

Rout e of adm ni stration: der mal

Exposure peri od:
Doses:

Resul t:

07- MAR- 2003

days 6 - 15 or 1 - 20 of gestation
240, 950, 1900 ny/kg/d (0.25, 1, 2
m / kg/ d)

The dermal application was perfornmed under

occl usi veconditi ons. Enbryotoxic and sone

teratogenic effects were observed.

Ef fects occurred at dose levels of 1 and 2

m/kg. At 0.25 m/kg no effects were recorded.
(255)
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Speci es: r at Sex: no data

Strain: Spr ague- Dawl ey

Rout e of adm nistration: der mal

Exposure period: day 9, 10+11, 11+12, 12+13, or 11-13 of

gestation
Frequency of treatnent: 1 or 2 doses

Doses:
Control G oup:

Met hod:
GLP:
Test substance:

Rermar k:

Test subst ance:

600- 2400 ng/ kg/ d
ot her: application of water

ot her: no data
no data
other TS

Groups of three to nine rats were exam ned. DWMF
caused an increase in the rate of enbryonic
death at a dose that also resulted in nmaternal
nortality. Subcutaneous haenorrhages were
observed in the fetuses exposed during days 12
and 13 or 11-13. However, according to the

aut hors, this finding was not considered to be
t oxi col ogically significant.

N, N- di net hyl f or mam de; conmmercial grade with

|l ess than 2% inmpurities

04- SEP- 1997 (256) (257) (258)

Speci es: r at Sex: femal e

Strain: ot her: Charles River-CD (Sprague-Daw ey
origin)

Rout e of adm nistration: der mal

Exposure peri od: day 9, 10-11, 11-12, or 12-13 of
gestation

Frequency of treatnent: 1 or 2 doses

Dur ati on of test:

Doses:

Control G oup:
Met hod:

GLP:
Test substance:

Renmar k:

Resul t:

until day 20 of gestation
0.15 m/application (ca. 140
ng/ application), ca. 560
nmg/ kg bw

yes

ot her: no data
no
ot her TS: N, N-di net hyl f ormam de, no further data

Probably, these results are part of a study

publ i shed by Stula, E.F. and Krauss, WZC.
(Toxicol. Appl. Pharmacol. 41, 35-55 (1977);
cited in: I ARC Monographs, 47, (1989))
The effects of the test substance on enbryonic
devel opnent after dermal application in mddle
stage of gestation were investigated in groups
of 8 rats.
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04- SEP- 1997

Speci es:
Strain:

An anount of 0.15 m (ca. 140 ng) was applied on
day 9, 10+11, 11+12, or 12+13 of gestation;
controls were applied 0.15 mM water on days 11
and 12 of gestation.
No gross fetal abnormalities were observed and
no apparent skeletal abnormalities were found in
alizarin stained fetuses. In the group treated
at days 10+11, one dead pup was found; however,
this was not statistically different from
control and not contributed to the test
substance. According to the authors, these
results suggested that a total dose of 0.3 m
was not enbryotoxic, teratogenic or materna
t oxi c.

(259) (260) (261) (262) (248) (263)

r at Sex: femnl e
ot her: Charles River-CD

Rout e of adm ni stration: der mal

Exposure period:

days 11- 13 of gestation

Frequency of treatnent: daily, 6 tinmes a day

Dur ati on of test:

Doses:

Control G oup:

Met hod:
GLP:
Test subst ance:

until day 20 of gestation

6x0.05 m, 6x0.1 m; total dose 0.9,
1.8 m (ca. 900,

1700 mg), ca. 1200, 2400 ng/ kg bw
yes

ot her: no data
no
other TS: N, N-di nmethyl formam de, no further data

Remar k: Probably, these results are part of a study
publ i shed by Stula, E.F. and Krauss, WZC.
(Toxicol. Appl. Pharmacol. 41, 35-55 (1977);
cited in: I ARC Monographs, 47, (1989))

Resul t: The effects of the test substance on enbryonic
devel opnment after dermal application in mddle
stage of gestion were investigated. Ten and nine
rats were given 0.05 and 0.1 m, respectively, 6
tinmes a day for 3 consecutive days (tota
dose: 0.9 and 1.8 m, respectively). Two
pregnant and one non-pregnant | ow dose group rat
and one pregnant high dose group rats died due
to exposure. Fetal resorption rate was higher in
the | ow dose group than in the high dose group.
Three and one abnormal pup was found in the | ow
and hi gh dosegroup (respectively). The
abnormalities were cranial henorrhages (Il ow
dose) and pal eness and small size (high dose
group).
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According to the authors, these results
suggested that a total dose of 0.9 or 1.8 m of
the test substance was markedly enbryotoxic and
mat er nal toxic, but not teratogenic.

04- SEP- 1997 (261) (262) (248) (263)

Speci es: r at Sex: female

Strain: ot her: ChR-CD

Rout e of adm nistration: der mal

Exposure peri od:
Duration of test:

Doses:

Control G oup:

Met hod:
GLP:
Test substance:

Resul t:

04- SEP- 1997

Speci es:
Strain:

on day 12 and 13 of gestation
until day 20 of gestation
total dose: 0.3, 0.6, 1.2 m (ca. 300,
600, 1200 nm)
yes
ot her: no data
no
ot her TS: N, N-di net hyl formam de, no further data

The effects of the test substance foll ow ng
application to the clipped back skin on
enbryoni c devel opnent were investigated in
groups of 7-8 rats. On day 20 of gestation,
the dans were sacrificed, uteri and contents
wer e exam ned.
According to the authors, the test substance
appeared to be slightly enbryotoxic at all dose
|l evel s tested but the enbrotoxicity was not
dose-rel ated. The only gross evidence
of enbryotoxicity was subcutaneous henorrhages
whi ch was observed in all treated groups but not
in control
Ressorption rates were not affected by the test
substance; no deformed pups were observed. No
further data.

(248) (264)

Rout e of adm ni stration:

Exposure period:
Frequency of treatnent:
Duration of test:
Doses:

Control G oup:

NOAEL Mat ernal Toxity:
NOAEL Ter atogenicity:

r at Sex: femnle
other: Charles River

der nal

day 6-15 of gestation

daily

until day 20 of gestation
500, 1000, 2000 ng/kg/d

yes, concurrent no treatnent
> 2000 mg/ kg bw

> 2000 ng/ kg bw

Met hod:
GLP:

other: no data

no
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Test substance:

ot her TS: N, N-di net hyl f ormam de, no further data

Remar k: The teratogenic effect of the test substance was
i nvestigated in groups of 21-22 rats.
After confirmation of pregnancy by sperm
positive results of vaginal exam nations at the
Charl es River Breeding Lab. (= day 0 of
gestation), the rats were delivered to the
i nvestigating Laboratory. DVMF was applied to the
shaved backs of pregnant rats daily during days
6 to 15 of gestation.
Body wei ght data reported were nean group body
wei ghts at day 6, 6, 12, 15 and day 20 of
gestation.
Signs of toxicity and nortality were recorded
daily.
At sacrifice of the dans on day 20 of gestation
the uterine contents were investigated. Fetal
swel lings, inplantation sites and resorptions
were counted. The nunber of viable fetuses was
determ ned. Live fetuses were wei ghed.
The fetuses were exam ned for external
anomal i es, then they were exam ned for either
skel etal (according to the method of Hurl ey,
1965) or internal devel opment (according to the
met hod of W1 son, 1965). When possible, equa
nunmber of fetuses of each sex fromeach litter
wer e exam ned by each nethod.
Statistical evaluation of the data recorded was
not nentioned or described in the report.

Resul t: No nortality or abnormal behavi our was observed
in the control or treated groups. The body
wei ght gains were not altered in treated rats.
Adm ni stration of the test substance did not
affect fetal survival. The nunbers of
i npl antations and resorption sites, corpora
| utea, and viable fetuses were simlar to
control. Fetal body weight and external
devel opnment was not affected. One fetus of the
hi gh dose group (2000 nmg/ kg) was observed with
an unmbilical hernia and cyclopia, no
abnormalities were seen in the | ow and m d dose
groups. Thus, these results are not considered
indicative of a teratogenic response.
Eval uati ons of fetal skeletal devel opnent
reveal ed an increase in non-ossified or
i nconpletely ossified sternum sections in the
treated groups.
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According to the authors, these classifications
wer e nmeasures of the extent of skel etal
calcification at the time of sacrifice rather
t han evi dence of teratogenicity.
25- SEP- 2000 (265)
Speci es: rat Sex: femal e
Strain: ot her: ChR-CD
Rout e of adm ni stration: der mal

Exposure peri od:

on day 10 and 11 of gestation

Frequency of treatnent: no data

Dur ati on of test:
Doses:

Control G oup:

Met hod:

Year :

GLP:
Test substance:

until day 20 of gestation

0.3, 0.6, 1.2 mM (about 285, 570 , 1140
ng) total dose; about 950 mg/ kg, 1900
ng/ kg and 3800 ng/ kg when assumed t hat
a rat has a weight of 300 g

yes

ot her: no data

1967

no

other TS: Dinethyl formamaide , no further data

Remar k: On day 10 and 11 of pregnancy DMF was applied to
the clipped back of 7-8 pregnant rats/group at
total doses of 0.3, 0.6 and 1.2 m. At day 20 of
gestation the femal es were sacrificed and uteri
and contents investigated.

Resul t: DMF was enbryotoxic at the highest dose |eve
(total dose of 1.2 ml) evidenced by high
resorption rate (26% conpared to 3.2% of the
control group) and consequently small er nunber
of live pups/dam
However, DMF was not toxic to the dams and
produced no abnormal, i.e. malformed pups.

29- AUG 2000 (266)

Speci es: rabbi t Sex: female

Strain: Hi mal ayan

Rout e of adm nistration: der mal

Exposure period:

day 6-18 post insem nation

Frequency of treatnent: daily

Dur ati on of test:
Doses:

until day 29 post insem nation
100, 200, 400 ng/kg/d

Control G oup: yes

NOAEL Mat ernal Toxity: ca. 200 ng/ kg bw

NOAEL Ter atogenicity: ca. 200 ng/ kg bw

Met hod: OECD Cui de-line 414 "Teratogenicity”
Year : 1981

UNEP PUBLICATIONS 199



OECD SIDS DIMETHYI| FORMAMIDE
5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
GLP: yes

Test substance:

Remar k:

Resul t:

as prescribed by 1.1 - 1.4

The teratogenic effects of the test substance
were studied in groups of 15 rabbits. Rabbits
were between 49 and 56 weeks old and had a nean
wei ght of 2.572 kg (cal cul ated fromthe neans of
t he groups) on the day of artificial

i nsem nation, which was desi gnated as day 0 of
gestation.

The test substance was adm nistered directly
(i.e. undiluted) on the shaved dorsal skin daily
for 6 hours fromday 6 to 18 post insem nation.
Dependi ng on the dose, DMF was applied to an
area of about 9, 28 or 66 cn2 (for the low, md
and hi gh dose, respectively). The anount of DWF
to be administered at each dose |evel per kg
body wei ght was 0.105 m, 0.211 m and 0.421 nm
for the low, m d and high dose group,
respectively. The skin area was changed daily
during the application period to avoid
irritation. The test material was applied semn-
occlusively using a cover of a porous dressing
in four layers and gauze and a porous bandage.
After the 6 hours the patches and bandages were
removed. Control animals received a vol une of
0.421 m 0.9% saline solution/kg bw in the sane
manner. During the application period (6
hours/day) the animls were placed in a hood.
On day 29 post insem nation the does were
sacrificed and macroscopically exam ned for

pat hol ogi cal changes. Uterus, uterine contents
and fetuses were investigated. Al fetuses were
evi scerated, the organs exam ned nmacroscopically
and the sex determ ned. For skeletal exam nation
the fetuses were X-rayed, the heads were fixed
in Bouin's solution and after fixations
processed and eval uated according to the

met hod of W1 son (1965).

Al'l animals survived until term nation of the
st udy.

Conception rate varied between 93.33 and 100%
The repeated dermal application caused a dose
dependent skin irritation in all DM~treated
groups. At the end of the treatnent period, days
16 and 18 of gestation, a slight statistical
significant decrease in body weight was observed
at 400 nmg/kg/d (5.5 and 5.6% decrease in
relation to the control animls).
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Test subst ance:

However, according to the authors, this
finding was wi t hout bi ol ogical relevance. One
doe of the 400 ng/ kg group showed abortion on
day 21 post insem nation.

No further signs of nmaternal toxicity were
not ed.

No enbryotoxic effects were found at 100 and 200
ng/ kg/ d; since there were no effects in the 200
ng/ kg group the findings observed at the | owest
dose (one fetus out of 80 live fetuses with a
sternal anomaly, three fetuses with gal

bl adder agenesis and one of the latter with a
hypertrophic-dil atative cardi ac-aortic

mal formation) were attributed to spontaneous
pat hol ogy.

There were no differences between the groups
concerning the variations and retardations.
However, one dead fetus was found at 400 ng/ kg/d
and several malformations were observed, i.e two
fetuses in two litters showed unbilical hernia,
a distinct increase of skeletal anomalies in the
formof sternal malformations was seen in 15
fetuses in seven litters and 5 fetuses in 2
litters had gall bl adder agenesis. Thus 21
fetuses out of 9 litters (31% fetuses/litter
versus 0.0% in the concurrent control) showed
anomal i es at 400 ng/kg/d. Wth the exception of
the anomalies of the sternum the other findings
menti oned above for the 400 ng/ kg group can be
seen in the strain of rabbits used in this
experinment, thus they were regarded to be

i ndependent of the conmpound adm ni stered.

Under the conditions of the present study and
according to the authors, disregarding the skin
reactions, the NOEL for maternal toxicity and
enmbryo-/fetotoxicity including teratogenicity
was 200 ng/ kg bw d.

N, N- Di net hyl f or mam de, purity: 99.99%

Reliability: (1) wvalid without restriction
reliable wi thout restrictions
Fl ag: Critical study for SIDS endpoi nt
11- MAR- 2003 (267) (241)
Speci es: rabbi t Sex: no data
Strain: New Zeal and white
Rout e of adm nistration: der mal
Exposur e peri od: on days 8 - 16 of gestation
Frequency of treatnment: daily
Doses: 200 my/ kg/ d

Control G oup:

ot her: application of water
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Met hod: ot her: no data
GLP: no data
Test substance: other TS

Resul t:

Test substance:

Groups of 4-5 rabbits were used. No adverse
effect was observed. Only secondary literature,
no further data.

N, N- di nmet hyl f ormam de; commerci al grade with

| ess than 2% inpurities

04- SEP- 1997 (256) (257) (258)
Speci es: r at Sex: femal e
Strain: Long- Evans
Rout e of adm nistration: i.p.
Exposur e peri od: on day 7 or 11 of gestation
Frequency of treatnent: si ngl e dose
Duration of test: until day 21 of gestation
Doses: ca. 475-1900 nmg/ kg (0.5-2 m/kgQ)
Control G oup: no data specified
Met hod: other: no data
GLP: no

Test subst ance:

other TS: N, N-di nmethyl formam de, no further data

Resul t: The animls were sacrificed on day 21 of
gestation, the uteri were excised and the
litters were exam ned. There were no substance-
related effects detected. No further data.

07- MAR- 2003 (268)

Speci es: nmouse Sex:

femal e

Strain: NVRI

Rout e of adm nistration: i.p.

Exposure peri od: days 11 - 15 of gestation

Frequency of treatnent: daily

Doses: 0.4, 1.0 m/kg (ca. 380, 950 ny/kg)

Control G oup: yes, historical

Met hod: ot her

GLP: no

Test substance:

Resul t:

as prescribed by 1.1 - 1.4

mat ernal toxicity: 380 nmg/ kg (reduced body

wei ght gain) In the present study DVMF and carbon

tetrachloride were investigated. The study does
not neet today's standards.

At the high dose the dans showed del ayed body
wei ght gain and nortality. At necropsy the dans
showed changes in the liver that were |ess
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pronounced in DMF-treated aninmals than
in carbon tetrachloride-treated animals. Two of
t he surviving dans of the high dose showed
abortion. In this group 8/ 36 fetuses showed
mal formations (7 fetuses with exencephaly and 1
with cleft palate). At the | ow dose 2/82
showed exencephaly. A control group did not run
in parallel; the results were conpared to the
data of historical controls.
07- MAR- 2003 (95) (96)
Speci es: nouse Sex: no data
Strain: NVRI
Rout e of adm nistration: i.p

Exposur e peri od:

déyg 6-15 of gestation

Frequency of treatnent: no data

Dur ati on of test:
Doses:
Control G oup:

Met hod:
GLP:
Test subst ance:

no data
1.24 mM (ca. 1120 np)
no data specified

other: no data
no data
other TS: N, N-di nmethyl formam de, no further data

Remar k: No teratogenic effect was observed with
di met hyl f or mam de whi | e nononet hyl formam de at a
dose of 0,1 m/kg induced a high incidence of
fetal death and mal f ormati ons.
07- MAR- 2003 (269)
Speci es: nouse Sex: no data
Strain: ot her: AB-Jena-Halle and C57BL
Rout e of adm nistration: i.p

Exposure period:

on days 3, 7, 9, or 1-14 of gestation

Frequency of treatnent: single or repeated daily dose

Dur ati on of test:
Doses:
Control G oup:

Met hod:
GLP:
Test substance:

Remar k:

no data
170 - 2100 ng/ kg/ application
no data specified

ot her: no data
no data
ot her TS: N, N-di net hyl formam de, no further data

Groups of 12 - 30 mice were given i.np.

i njections of 170 - 2100 ng/ kg bw DVF on either
one or several days of gestation, and the
fetuses were exam ned for growh, norphol ogy and
viability. Single injections of 2100 ng/ kg

bw into Jena-Halle strain on day 3, 7 or 9 of
gestation were reported to be enbryotoxic.
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Treatment of this strain with 600 or 1080 ny/ kg
bw and of C57BL mice with 1080 ng/ kg bw on days
1 - 14 of gestation induced a high incidence of
mal formations in both strains. Defects included
deficient ossification of the occipital and
pari etal bones, and open eyes.

07- MAR- 2003 (270)

Speci es: r at Sex: female

Strain: ot her: no data

Rout e of adm nistration: ot her: gavage or inhalation

Exposure period:

days 1-19 of gestation (inhalation,

gavage); days 4 and 10 of gestation
(i nhal ati on)

Frequency of treatnment: daily; inhalation: 4 h/d

Dur ati on of test:

Doses:
Control G oup:
Met hod:
GLP:
Test substance:

Resul t:

until day 19 of gestation
gavage: 1/20 LD50; inhalation: ca. 1

+/- 0.7 nmg/l; no further data
no data specified

other: no data
no
other TS: N, N-di nmethyl formam de, no further data

The enbryotropic action of the test substance
after daily gastric intubation of 1/20 LD50
during the entire pregnancy, daily 4-hour

i nhal ation during the entire pregnancy,

or 4-hour inhalation during critical

peri ods of enbryogenesis (on the 4th and 10th
day of gestation) was investigated. The aninmals
were sacrificed on day 19 of gestation.
According to the authors, no statistically
significant changes were observed on rats
treated orally.

During inhal ati on exposure, enbryotropic action
of the test substance was observed in rats
treated during the whol e period of pregnancy.
The animal s exhibited a significant decrease in
t he nunber of |ive enbryos when conpared to
control. There were no differences in the nunber
of corpora lutea and inplantation sites; thus,
according to the authors, it was concluded that
the test substance affected fetal devel opnent.
Adm ni stration of the test substance on day 4
and 10 of gestation did not result in reliably
detected di sturbances of the characteristic

i ndi cators of enbryotropic action.
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This publication is a translation of a Russian
study presented by Silant'eva, |.V. et al.
I nstitute of Labor
Hygi ene and Occupati onal Di seases, Acadeny of
Medi cal Sciences of the USSR, Mdscow

07- MAR- 2003 (271)

5.8.3 Toxicity to Reproduction, Other Studies

5.9 Specific | nvestigations

5.10 Exposure Experience

Remar k: St omach ache, nausea, vomting, and
convul si ons have been reported in
di met hyl f ormam de exposures. In many cases
di met hyl f ormam de was taken up bypercut aneous
absorption as well as by inhalation and m xed
exposures were conmon.
Thus, it is difficult to predict the effects
of inhal ed di methyl formani de al one.

25- APR- 1994 (272) (273) (274) (275) (276) (277)
Remar k: In several hundred workers handling
di met hyl f ormam de over years no ill health
ef fects or abnormal liver function tests were

observed. Possible skin absorption was
restricted by a skin protection program and
air concentration was mmi ntai ned on average
bel ow 5 ppm

30- MAR- 1994 (278)

Remar k: Casui stics described testis cancer in tannery
wor kers exposed to a number of chem cals
i ncl udi ng di net hl yformam de. Avail abl e data
however, were not sufficient for an adequate
confirmation.

30- MAR- 1994 (279)
Remar k: There is inadequate evidence in humans for

t he carcinogenicty of dinmethylformm de.
30- MAR- 1994 (280)

UNEP PUBLICATIONS 205



OECD SIDS DIMETHY| FORMAMIDE
5 TOXICITY DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2
Remar k: Several cases of acute accidenta
i ntoxi cations with inhalational and der mal
upt ake at the workplace with
di met hyl f or mani de have been reported. Min
ill health effects were gastrointestinal
di sturbance with dizziness, nausea and
vom ting, lack of appetite, sl eepiness,
al cohol intolerance and skin irritations.
Al so di sturbance of liver function and
nor phol ogi ¢ changes in the liver were
reported.
19- APR- 1994 (272) (281) (282) (283) (275) (284)
Remar k: After exposure to di methylformam de at the
wor kpl ace eye irritation, headache, |ack of
appetite and gastrointestinal disturbance
have been reported; in sone cases al so
hept onegal i a, di sturbance of |iver function
and hemat ol ogi cal changes were observed.
06- APR- 1994 (285) (286)
Remar k: In a questionnaire study (only few details
given) m scarriages were reported in 14 9% of
the women of a group of wonen exposed to ca.
100 ng/ nB di et hyl f or mani de, conpared to 10 %
in a control group.
26- AUG 2002 (287)
Remar k: Di st urbance of the nmenstruation in 26 of 70
wonmen exposed for about 1 year to
di met hyl f ormam de concentrati ons of 30
- 150 ng/ N8 has been reported.
06- APR- 1994 (288)
Remar k: M scarriages in 3 of 9 wonen exposed to
di met hyl f ormam de and ot her chem cal s have
been reported.
06- APR- 1994 (289)
Remar k: I nfl uence of dinethylformam de on the stratum
corneum and the barrier function of the skin
was denonstrated in human vol unteers.
06- APR- 1994 (290)
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Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

Reliability:

Fl ag:
27- MAY- 2003

Renmar k:

Three cases of testicular germcell tunour
occurred during 1981-83 anong 153 white nen
engaged in a jet aircraft repair shops and
led to a survey of two other shops. Four case
of testicular germcell tunmours (approx. one
expect ed) anong 680 white nmal e workers

di agnosed during 1970- 83 were found

in a shop conparable to the initial one. No
case were found anmong 446 workers of the
second shop. OF the seven cases, five were
sem nomas and two were enbryonal -cel

carci nomas.

Al'l seven had a long work histories in
aircraft repair.

Exposure to a solvent m xture containing 80 %
DMF (20 % unspecified) was certain in three
cases and probable in another three cases.
(2) wvalid with restrictions acceptabl e study
meets basic scientific principles

Critical study for SIDS endpoi nt

(291)

Three cases of enbryonal -cell carci nomas of
the testis were described in workers of a
| eat her tannery. Besides DMF a wi de
range of dyes and solvents were used in
| eat her tanni ng. No neasurenents were
avail able. A further screening in the
tannery showed no additional cases in fifty-
one of 83 workers enployed in the plant
bet ween 1975 and 1989.
(2) wvalid with restrictions
basi c data given, acceptable restrictions
Critical study for SIDS endpoi nt

(292)

Case-control studies of cancers of the bucca
cavity and pharynx (n=39), liver (n=6),
prostate (N=43), testis (n=11) and malignant
nmel anoma of the skin (n=39) anmong worker with
potential exposure to DMF and ACN were
conduct ed, approxinmately 8700 workers per
year. Cancers occurring during 1956 to 1985
were identified. Potential exposure to

DMF was classified as | ow or noderate from
job title/work area conbinations. Mean DWMF
concentrations ranged fromless than 1.0 ppm
to about 10 ppm

UNEP PUBLICATIONS 207



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Qdds ratios for ever exposed were 0.9 (n=15)
[0.4-2.3] for buccal cavity and pharynx
cancers, 1.7 (n=16) [0.5-5.5] for malignant
nmel anoma, 1.5 (n=17) [0.7-3.3] for prostate
cancer and 1.0 (n=3) [0.2-4.4] for testicular
cancer. Two liver cancer cases and one
control gave a odds ratio of 6.1 [0.4-72.0].
(2) wvalid with restrictions
acceptabl e study neets basic scientific
principles
Critical study for SIDS endpoint

(293)

Cancer incidence was studi ed anong 2530
actively enployed workers with potenti al
exposure to DMF during 1950-70 and
1329 enpl oyees with exposure to DMF and ACN
at an acrylic fibre manufacturing pl ant.
Cancer incidence rates for the conpany (1956-
84) and US rates (1973-77) were used to
cal cul ate expected nunbers. For all workers
exposed to DVMF (alone or with ACN), the
st andardi zed i ncidence ration (SIR)
based on conpany rates was 1.1 [0.9-1.4] (88
cases). One case of testicular cancer was
found anong the 3859 workers exposed to DWF
(alone or with ACN), with 1.7 expected based
on conpany rates. The SIR for cancer of the
buccal cavity and pharynx was 3.4 [1.7-6. 2]
(11 cases) anobng workers exposed to DM,
based on conpany rates. No such excess for
any cancer was found anmong 1329 workers
exposed to both DMF and ACN. There was no
rel ati onship between cancer of the buccal
cavity and pharynx and intensity or duration
of exposure: |ow exposure, SIR 4.2 (5 cases,
1.2 expected); noderate exposure, SIR 3.0 (6
cases, 2.0 expected). “~Low exposure was
defined as workplace |l evels consistently
bel ow 10 ppm whil e npderate exposure was
defined as workplace | evels sonetines above
10 ppm
(2) wvalid with restrictions acceptabl e study
nmeets basic scientific principles
Critical study for SIDS endpoi nt

(294) (295)
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Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

26- AUG 2002

Renmar k:

26- AUG 2002

Renar k:

26- AUG 2002

Renmar k:

Mortality rates in 1950-82 in workers with
potential exposure to DMF at an acrylic fibre
manuf acturing plant (active and pensi oned
enpl oyees) based on conpany rates were
for all workers exposed to DMF only 0.9
[38 obs./40.1 exp.] for all cancers conbi ned,
2.5 [2 obs./0.8 exp.] for buccal cavity and
pharynx and 1.4 [19 obs./13.5 exp.] for lung
cancer. No other cancer excesses were
reported.
(2) wvalid with restrictions
acceptabl e study nmeets basic scientific
principles
Critical study for SIDS endpoi nt

(296)

I nvestigation of interaction of ethanol and
organi ¢ solvents. Ethanol intolerance was
reported in dinmethylforman de exposed

wor ker s.
(297) (298) (299)

Wthin 24 hours after dienthylformmnm de
exposure and shortly after ethanol intake the
foll owi ng adverse reacti ons were observed:
flush, dizziness, vomting, feeling of chest
ti ghtness, sonetinmes dyspnea and pal pitation.
Symptons | asted for up to two hours.

(300) (301) (302) (283) (303)

Abnormal |iver function tests were observed
in workers with ethanol intake of 50 - 70
g/ day and exposure to di nethyl fornmam de
concentrations of 45 - 66 ng/nB8. However,
these workers were al so exposed to other

sol vent s.
(304)

Chronposonal aberrations in peripheral blood
| ynphocytes of 20 workers exposed to am nes
and DMF investigated. Mean DV concentrations
at the workplace the year before sanpling
were 12.3 ng/ nB. The frequency of chronbsona
gaps and breaks was 1.4 % in the exposed
group conpared with 0.4 %in 18 controls
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(value in controls was | ow conpared to ot her
st udi es).

Reliability: (2) wvalid with restrictions
valid with restrictions

Fl ag: Critical study for SIDS endpoint

08- AUG- 2002 (305)

Remar k: Mut ageni city: cytogenetic anal yses of human
| ymphocytes, dose 100 nnol/I. No further data
gi ven.

26- AUG 2002 (306)

Remar k: Skin and eye irritation study in humans. At a
dose of 100 ppm 24h slight effect. No further
data gi ven.

26- AUG 2002 (307)

Remar k: In the context of nine investigations in
pol yacrylonitrile plants sone of the patients
conpl ai ned about nervousness and sl eep
di sturbance, others about facial flushing.
Despite the | ow vapor pressure of
di met hyl f ormam de, the investigations showed
t hat di net hyl formani de causes effects
in exposed workers, especially in workers
suffering from stomach and |iver diseases
(ul cus, gastritis, alcoholism.

26- AUG 2002 (308)

Remar k: St omach ache, nausea, vomiting, epigastric
cramps were reported in dinmethylformam de
exposed subjects. Because of the rapid skin
absorption of dinmethylforman de no clear
relation of dimethylformamde air
concentration to the observed effects was
eligible.

26- AUG 2002 (309)

Remar k: Di met hyl formami de is rated as noderate
hazardous by inhal ati on, but present a
di stinct hazard by skin absorption.

26- AUG 2002 (310)

Remar k: Target organs of dinethylformmde toxicity
are: liver, kidney, skin,
and cardi ovascul ar system

26- AUG 2002 (311)
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Remar k: Di met hyl f or mam de passes through the intact
skin and the is absorpted by the |ungs.
26- AUG 2002 (312)
Remar k: In hurmans di net hyl formam de is netabolized to
met hyl f or mam de and formam de, and for the
nost part excreted via the urine.
Di met hyl f or mam de reaches an average bl ood
concentration of 2.8 ng/l at an air
concentration of 21 ppm for 4 hours.
Repeat ed daily exposure to this concentration
did not result in an accunul ati on of
di met hyl formam de or its netabolites in the
bl ood.
26- AUG 2002 (313)
Remar k: 80 healthy men were exposed to
di met hyl f or mam de vapor for 6 hours daily for
five days. Mononet hyl formam de was rapidly
excreted via the urine. The highest
uri ne-concentration was observed severa
hours after end of exposure.
26- AUG 2002 (314)
Remar k: Met abol i sm of di net hyl f ormam de was exani ned
in two groups of workers. Both groups showed
that the major anobunt was excreted within 24
hours. Main netabolite in the urine was
N met hyl f or mani de.
26- AUG 2002 (315)
Remar k: Faci al flushing and other synptons were
observed in 19 of 102 workers exposed to
di met hyl formani de. 26 of 34 epi sodes were
observed after al cohol ingestion. A
i nhi bition of the acetal dehyde netabolismis
possi bl e, by probably by N nethylfornmam de.
26- AUG 2002 (302)
Remar k: Revi ew of the avail able data of the influence
on human heal th, metabolism and bi ol ogical
i ndi cators was perforned. The determ nation
of a substance or its nmetabolites in the
urine is used for assessnent of workpl ace
exposure, e.g. for dinethylformm de.
26- AUG 2002 (316)
Remar k: Report of peculiarities and nechani sns of

abnormal pregnancies in women worki ng under
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26- AUG 2002

Renmar k:

26- AUG 2002

Renmar k:

26- AUG 2002

Renmar k:

26- AUG 2002

Rermar k:

26- AUG 2002

Renmar k:

unf avour abl e conditi ons.
I ncluded in the report were illnesses nost
frequently resulting in conplications in
wonen enployed in the chem cal and electrica
i ndustry.

(317)

In a case-control study all inhabitants of
Ful ton County aged 20 - 54 coming down with
testicular cancer between 1984 - 1987 were
conpared to a control group, suffering other
types of cancer. A total of 10 testicular
cancer cases were identified. 5 were enpl oyed
in the | eather producing or |eather
processing industry.

(318)

In eight textile plants air concentrations of
dust, vapour and gases were neasured at
sel ected workplaces. In the group of the
organi ¢ sol vents dinet hyl formam de cane cl ose
or exceeded the exposure limt val ue.

(319)

Letter to the editor: studies suggested a
link between testicular cancer and

di met hyl f or mam de exposure. Since

mut ageni city studi es of dinmethylforman de
containing lacquers in animals and

popul ations in industrial areas did

not show a rel ati onshi p between exposure and
tunors, it is concluded that

di met hyl f ormam de only acts as sol vent
enhanci ng absorption of sol uble carcinogens
by the skin.

(320)

The rel ati onship between formation of
mercapto uric acid and di nethyl f or mam de
exposure and di met hyl formam de i nduced liver
toxicity was investigated in animls and
humans exposed to di met hyl f ormam de vapour
concentrations of 30 or 60 ng/n8 for 3 hours.
It was concl uded, that the risk of humans
exposed to dinet hyl formam de is higher
conpared to exposed ani mals.

(321)

Prol onged susceptibility to al cohol -i nduced
flushing for nmonths after forner exposure to
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Reliability:

Fl ag:
08- AUG 2002

Renmar k:

26- AUG 2002

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

DMF was reported in a 30-year old man
(2) wvalid with restrictions
accept abl e study neets basic scientific
principl es
Critical study for SIDS endpoint
(322)

Reports of 30 occuaptional dinethylformam de
i ntoxi cati ons were conpared to published
clinical and experinental data.
The followi ng effects were observed: burns of
skin and eyes, inhibition of ZNS, abdom nal
pai n, gastric disturbances, al cohol
i ntol erance, and |iver danmage. Bel ow
the workplace Iimt value for
di met hyl f ormam de of 30 nmg/nB in France
al cohol intol erance, abdom nal pain, and
i ncreased gamma gl utamyl transferase val ues
in the bl ood were observed. Mst of the
occupati onal dinethyl forman de intoxications
resulted from prol onged and/or repeated skin
contact.

(323)

208 workers exposed to up to 9 ppm DMF (116
wor kers exposed to DMF al one and 96 workers
exposed to DMF and tol uene) showed a good and
| i near correlation between anounts of DM
and N- hydroxynethyl -N- nmethylformam de in the
urine at the end of an 8-h shift and the

at nospheric concentrati on of DM.

(1) wvalid without restriction
met hod and performnce conformto standard
Critical study for SIDS endpoint

(324)

Per cut aneous absorption in vivo from DM
liquid and vapour was exam ned in human

vol unteers. Absorption rate by di pping

one hand into undiluted DMF for up to 20 min
and by application of 2 mvl DMF over an area
of 100 cnR2 on the forearmwas 9 ng/cn/ h.
Per cut aneous uptake of DMF vapour of

50 ng/ B3 for 4 h, while wearing |ight
clothing and breathing fresh air through
masks. The percutaneous uptake of DM
increased with increasing anbient tenperature
and hum dity and contri buted some 13-36 % of
the urinary N-hydroxynethyl -N-nethyl f ormam de
excreted during conbined inhalation and
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Reliability:

Fl ag:
08- AUG 2002

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Remar k:

Reliability:

Fl ag:
08- AUG 2002

Remar k:

percut aneous exposure to the same conc. of
DMF vapour.

(1) wvalid without restriction

nmet hod and performance conformto standard
Critical study for SIDS endpoint

(325)

Ten volunteers were exposed to DMF conc. of
10, 30 and 60 nmg/nmB for 8 h and four
volunteers were exposed to 30 ng/nmB for 8 h
on five consecutive days. The uptake fromthe
respiratory tract was 90 % and the vari ous
urinary metabolites exam ned accounted for
49 % of the retained dose and the various
urinary netabolites exam ned accounted for
49 % of the retained dose. The half-lives of
excretion and the urinary recoveries of the
nmet abolites were: DMF, 2h (0.3% of dose);
N-hydr oxymet hyl - N-net hyl formami de, 4 h (2 %;
N- hydr oxynmet hyl formami de, 7 h (13 9% ; and the
mer capturic acid conjungate,
N-acetyl -S- (N- et hyl car banmoyl ) cystei ne, 23 h
(13 %9 .
(1) wvalid without restriction
met hod and performnce conformto standard
Critical study for SIDS endpoi nt

(326)

In a group of 318 workers no significant
alterations of haentol ogical and clinical
chem stry paranmeters were found conpared to
controls (N=143). Subjective synptons |ike
nausea and abdom nal pain and al coho

i ntol erance showed a dose-dependent increase.
Most of the workers were exposed to DWF
concentrations up to 7 ppm (nmean), sonme to a
m xture of DMF (up to 2.1 ppm and tol uene
(up to 4.2 ppm.

(2) wvalid with restrictions

accept abl e study neets basic scientific
princi pl es

Critical study for SIDS endpoi nt

(327)

Chroni c hepatotoxicity was investigated in
di met hyl f ormam de exposed workers. 100
workers fromfive different synthetic |eather
pl ants were subjected to a physical

exam nation, a questionnaire and biochem ca
anal ysis. Results showed a relation of the
clinical effects |ack of appetite, nausea,
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26- AUG 2002

Renmar k:

18- APR- 1994

Renmar k:

18- APR- 1994

Renar k:

Reliability:

vom ting, dizziness, and chest tightness and
exposure. Biochem cal tests showed a rel ation
of the retention rate for I|Indocyani ne G een
wi th increasing dinethylforman de exposure.
It was concluded that chronic exposure to
di met hyl f ormam de of 10 ppm probably causes
an increased | ndocyanine retention rate and
possi bly |iver damage.

(328)

DMF kann am Arbeitsplatz inhal atorisch oder
per kut an auf genomen wer den. Nach Auf nahne
von 2047 - 4386 M krogram kg DMF (bei einer
Luftkonzentrati on von 60 ng/ nB ueber 8
Stunden) in einer experinmentellen
Unt er suchung an 10 Probanden wurden 16,1 -
47,8 % al s N (Hydroxymet hyl )- N net hyl f or mam d
(HMW), 8,3 - 23,9 %als Formamid und 9,7 -
22,8 % als
N- Acet yl - S- (N- et hyl car banoyl ) cyst ei n ( AMCC)
i nnerhalb von 72 Std. im Urin ausgeschi eden.
AMCC und HMVF konnten auch bei DM-
exponi erten Arbeitern nachgew esen werden.
(329)

Seit den 50-er Jahren sind in Fallberichten
und ei ni gen epidem ol ogi schen Studi en nach
i nhal atori scher und perkut aner Stoffaufnahne
bei m gewer bl i chen Ungang nit DMF neben Her z-
Krei sl auf- St oerungen und St oerungen des
Nervensystens vor allem gastrointestinale
Beschwer den verschi edenster Art beschri eben.
(330) (331) (332) (333) (334

A cluster of toxic liver disease in a fabric-
coating factory using DMF as a sol vent under
poor ventilation and w thout appropriate skin
protecti on appeared. Overall, 36 of 58

wor kers had el evated either ASAT or ALAT
val ues. Amobng 46 workers the follow ng
synptons were reported: anorexia, abdom na
pai n or nausea by 31 workers; headaches and
di zzi ness by 18 workers; al cohol intolerance
(facial flushing and pal pitations) by 11
wor kers. Liver biopsies of workers exposed to
several organic solvents, mainly DVMF, showed
focal hepatocellul ar necrosis and

m crovesi cul ar steatosis.

(2) wvalid with restrictions

accept abl e study neets basic scientific
principl es
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08- AUG 2002 (335) (336)
Remar k: I ncreased anyl ase values in serumwth
suspected pancreatitis and di nethyl f or mam de
exposure have been reported.
19- APR- 1994 (272)
Remar k: Even | ow di met hyl f ormam de concentrati ons
(bel ow 20 ppm have caused tenporary
di sturbance of the liver function.
Coexposure to other chenicals may have taken
pl ace or unusual plant conditions may have
been responsi ble for the exposures.
19- APR- 1994 (332) (337)
Remar k: In plants with workpl ace concentrations bel ow
10 - 20 ppmno dinethylformam de related ill
health effects were observed.
27- AUG 2002 (305) (338) (339) (340) (341) (342
Remar k: Concom ttant uptake of di methylfornmanm de and
al cohol showed an interference. |nhibition of
acet al dehyde net abol i sm by di net hyl f or mam de
and i nhibition of dinmethylation of
di met hyl f ormam de by al cohol is suggested.
27- AUG 2002 (343)
Remar k: Two epi dem ol ogi cal studies with
di met hyl f or mam de concentrati ons nost of the
time below 10 ppm for several years in 28 and
11 workers did not show abnormal 1iver
val ues. However, al cohol intolerance was
observed.
27- AUG 2002 (344) (345)
Remar k: Liquid dinmethylformam de irritates skin and
mucous nenbranes. Prol onged exposure cause SO
cal |l ed "Waschfrauenhadnde" with edema and
af terwards scal i ng.
27- AUG 2002 (332)
Remar k: After exposure to liquid dinethylformam de
skin sensitization, ecenma and vitiligo has
been reported.
27- AUG 2002 (346)
Remar k: Case report of 30-year-old man who had a
6-year history of episodic flushing of the
face, upper chest and upper arms after
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29- MAR- 2001

Remar k:

27- AUG 2002

Renmar k:

25- APR- 1994

Renar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

al cohol ingestion and DMF exposure.
(322)

Even | ow di met hyl f ormanm de concentrations
(bel ow 20 n' nB) have caused tenporary
di sturbance of liver function.

(347) (332)

100 di et hyl f ormam de workers were conpared
with 100 matched controls. Mean

di met hyl f or mam de exposure was 22 ng/ nB
(range 8-58 ng/ nB).

Exposed subjects and their matched controls
were evaluated clinically and a questionnaire
was used for the registrations and the
conpari son of subjective conplaints. A

| aboratory assessment was perforned,

i ncl udi ng transam nase and gamma- gl ut anyl
transpepti dase. Anong synptons studi ed,
headache, dyspepsia and di gestive inpairnent
of hepatic type could be specifically
associ ated with chronic dinmethylformn de
exposure and increased | evels of ganma-

gl utamyl transpepti dase denonstrated m ni m
hepat o-cel | ul ar damage, even w t hout ethano
dietary intake. No chronic sickness was

di agnosed and the di sturbances observed are
better considered as indicators of mal aise
and disconfort due to a toxic effect of

di met hyl f ormam de. Dermal flushing as an

et hanol intolerance reaction was often
regi stered.

(301)

A significant correlation between DWVF
exposure (25 - 60 ppm and el evated serum
ALAT and serum CPK in 183 out of 204

enpl oyees of a synthetic |eather factory was
shown.

HBsAg- positive subjects were nore
suscepti bl e t han

HBsAg- negative. Hi gh DMF concentrations were
al so correlated to synptons |ike dizziness,
anorexi a, nausea and epigastric pain.

(2) wvalid with restrictions acceptabl e study
nmeets basic scientific principles

Critical study for SIDS endpoi nt

(348)

I nvestigation showed in a group of 20
di met hyl f or manmi de exposed subjects
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27- AUG 2002

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

Renmar k:

27- AUG 2002
Renmar k:

27- MAR- 1997

(rmedi an 45 ng/nB, nmaxi mal val ue 4, 080 ng/ nB)
a significantly increased aberration rate of
4.3 % conpared 1.7 %in a group of 19
controls. It is stated that the signs of
mut agenicity in hunmans were in contrast to
experience in animls. As possible
expl anation an interaction with al cohol
intake in dietary doses is discussed.

(349)

Chronmosonal aberrations in periphera
| ynphocytes were reported in about 40 workers
exposed to several solvents including DWM.
Bl ood sanples were taken at exposure |evels
of 180 and 150 ng/nB (average). The
frequenci es of chronosomal aberrations were
3.82 %and 2.74 % At exposure of 50, 40, and
35 mg/ nB8 DMF gave | ower aberration
frequencies of 1.59 % 1.58 % and 1.49 %
Aberration frequencies in two control groups
were 1.61 %and 1.10 %
(2) wvalid with restrictions
acceptabl e study neets basic scientific
principl es
Critical study for SIDS endpoi nt

(350) (351)

SCE rates in peripheral |ynmphocytes from 22
DVF- exposed wonen were studied in conparison
to 22 controls. SCE rates were significantly
hi gher in the high- and nedi um exposure
groups than in the controls, but not in the
| ow- exposure group (high: nean 5.8 ppm

medi um nmean 0.7 ppm |ow. nean 0.3 ppn).
(2) wvalid with restrictions

basi c data given, restrictions

Critical study for SIDS endpoi nt

(352)

Cohort -incidence-study in 80 subjects

enpl oyed in a tannery between 1975 - 1987.
Three observed cases of testicular cancer
were conpared to the New York State cancer
registry. SIR was significantly increased

(40.5). Arelative risk of 5.8 % for enpl oyees

in the tannery industry was esti mated.
(353)

Case report on abdom nal colic in workers in
dye manufacturing plant.
(354)
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Renmar k:

27- MAR- 1997

Remar k:

Reliability:

Fl ag:
09- AUG 2002

Renar k:

Reliability:

Fl ag:

38 DVF-exposed workers of a synthetic skin
manuf acturing factory showed hi gh preval ence

of digestive synptons such as dyspepsi a,

abdom nal pain, nausea, dry throat; and
noderate alterations in the liver cytolysis
i ndexes, with exposures val ues of DMF bel ow
the TLV. Al al cohol consunmers of the sanple
showed synpt oms of al cohol intol erance,
al t hough social drinkers.
(355)

Bi ononi tori ng of workers exposed to DMF was
carried out by determ nation of the urinary
met abol i tes, N-nethylformm de
(MF, mainly from N-hydroxynet hyl f or mam de)
and N-acetyl-S-(n-nmethyl carbanmoyl)cystei ne
(AMCC). The urinary levels of M increased
rapidly at the start of the work shift, and
decreased alnost to zero within 24 h after
t he begi nning of the | ast exposure. AMCC
| evel s remai ned constant over the consecutive
wor ks days and increased after
the cessation of exposure, with the peak
conc. being observed 16-40 h after the
cessation of exposure. AMCC | evels at the
begi nni ng of the next nmorning shift were
closely correlated with personal exposure
| evels of DMF in air.
(1) wvalid without restriction
met hod and performance conformto standard
Critical study for SIDS endpoi nt

(356)

DMF exposure was monitored in a synthetic

| eather factory; at the same tinme, urinary
DMF and its netabolites were neasured.

Envi ronment al exposure to DMF ranged between
10 and 25 ng/nB. The unnodi fied sol vent found
in urine collect at the end of the exposure
was significantly related to the

envi ronnental conc. of DMF, its urinary conc.
were found to range between 0.1 and 1 ng/l.
Hi gher conc. of NMF (nmean 23.3 ng/l) and
formam de (24.7 mg/l) were nmeasured at the
end of workshifts. AMCC conc. were 40.4 ng/|
at the end of the week and 10.3 ng/l on
Monday.

(1) wvalid without restriction method and
performance conformto standard

Critical study for SIDS endpoi nt
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09- AUG 2002

Remar k:

27- MAR- 1997

Renmar k:

27- MAR- 1997

Rermar k:

Reliability:

30- NOV- 1999

Renmar k:

(357)

In fibre-producing factory with skin contact
to DMF the DMF-conc. in the air and via
bi ononi tori ng was eval uat ed.
The DMF air conc. was 19 ng/n8 (nmean). NVF in
urine was 1.9 - 121.9 ng/l (mean 16.2 ng/l).
In 36 cases the BAT value (15 ng/l NMF in
urine) was exceeded.

(358)

Case report on a patient who was resuscitated
after a suicide attempt with a product
contai ning DMF as sol vent.

DMF serum conc. were high conpared with

val ues published on occupati onal exposure.
The patient showed only transient increase in
liver enzynes. The patient was treated with
N-acetyl cysteine to prevent hepatotoxicity
from DMF.

(359)

A cross-sectional study of the preval ence of
chronic liver function alterations was
performed in 75 workers enployed in
a synthetic |l eather factory, exposed to DWF
air conc. below threshold limt val ues
(30 nmg/ nmB). Biological nonitoring anong
workers were 6.4 nmg/l (6.1 ng/g creat.)
before and 13.6 ng/l (13.4 ng/g creat.) after
shift. The worker survey showed a high
percentage of disulfiramlike synptons (50%
and liver function abnormalities (22.7%,
conpared to a denographically simlar group
of unexposed workers. Enzymes |evel were
significantly higher in the exposed workers
than in controls.
(2) wvalid with restrictions acceptable
study, neets basic scientific principles
(360)

Clinical serum and urine paraneters and
genot oxi col ogi cal endpoi nts such as
chronmosonme aberration (CA), sister
chromati d exchange (SCE), high frequency
sister chromatid exchange (HFC), cell cycle
ki netics, and UV-i nduced unschedul ed DNA
synthesis (UDS) were followed up three tinmes
during a 20-nonth period in peripheral

| ymphocytes (PBL) of 26 workers (13

mai ntai ners and 13 fiber production)
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Reliability:

Fl ag:
10- JUL- 2001

Renmar k:

Reliability:

occupationally exposed to acrylonitrile (ACN)
and/ or di met hyl formam de (DMF) in a viscose
rayon plant, 26 matched controls, and siXx
i ndustrial controls. Six of the 26 exposed
subjects were hospitalized because of liver
dysfunction that had devel oped due inhal ative
DMF exposure. Average peak ACN and DVF conc.
were over the maximumconc. limts at the
time of both investigations. Urine ACN and
nononet hyl f or mam de (MVWF) excretions of the
exposed subjects were al nost doubl ed after
work shifts. An increase in |ynphocyte count,
and severe alterations in the liver function
were observed in the exposed subjects. In
PBLs the proliferative rate index (PRI) was
al ready increased in nonth O conpared with
the controls. In each study, significant
increases in CA and SCE frequencies, as well
as increases in UDS were found in PBLs
of the exposed subjects. The frequencies of
chromatid breaks and acentric fragnents
further increased in nonth 7 and remai ned
constantly elevated in nonth 20. Increased
yi el ds of both chromatid and chronosomne-type
exchange aberrations first appeared in nonth
20, when HFCs were 2.72 tines nore frequent
in fiber producers than in maintainers.
(2) wvalid with restrictions acceptable
study, meets basic scientific principles
Critical study for SIDS endpoint

(361)

In a factory producing synthetic fibers the
hepat oxi c effects of DVMF were investigated in
126 nmal e enpl oyees, especially with regard to
t he conbination effects of DMF exposure and
et hyl al cohol consunption. The DMF conc. int
the air ranged from<0.1 to 37.9 ppm (nedi an
1.2 ppm.

Concentrations of the DMFnetaboite NMF in
urine were 0.02-44.6 ng/g creat. (preshift)
and 0.4-62.3 ng/g creat.(postshift). A
conpari son of the liver function val ues

(y- GI, AST, and ALT) found in the exposed
persons and in the control group yielded
statistically significant higher values in
t he exposed groups for y-GI and AST.
Conpl ai nts occurred after drinking alcohol in
71.5 % of the exposed persons and 3.8 % of
the controls.

(2) wvalid with restrictions acceptable

UNEP PUBLICATIONS 21



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

30- NOV- 1999

Remar k:

Reliability:

Fl ag:
10- JUL- 2001

Renmar k:

Reliability:

Fl ag:
29- MAR- 2001

Renmar k:

study, neets basic scientific principles
(362)

Sister chromatid exchange (SCE) frequency in
peri pheral |ynphocytes was exam ned in 85
wor kers exposed to epichlorhydrin (ECH) and
di met hyl f ormam de (DMF) in epoxy resin,
synthetic leather, and printed circuit board
manuf acturing plants. Median time wei ghed
average (TWA) ranged between non detectable
(ND) to 3.9 ppmfor ECH and 0.9 to 23.5 for
DMF. I n analysis, snoking was significantly
associated with increased SCE frequency.
Workers with high ECH exposure al had
significantly higher SCE frequencies
than those with low or no ECH exposure. DMF
exposure was not associated with SCE
frequency.
(2) wvalid with restrictions acceptable
study, neets basic scientific principles
Critical study for SIDS endpoi nt

(363)

In order to investigate the inportance of
premature (early) centronmere division (PCD)
in cancer risk assessnment, thr frequency of
PCDs in peripheral blood |ynphocytes (PBL) of
212 humans occupationally exposed to
cl ast ogeni ¢ agents, such as acrylonitrile
and/ or DMF, benzene, cytostatic drugs,
et hyl ene oxi de, m xed exposure in rubber
i ndustry, m xed organi c solvents incl uding
CC 4, hot oil-msts, bitunmen, and
pol ychl ori nat ed bi phenyls (PCB) and 188
controls were studied. PCD yields are
significantly higher in populations
exposed to m xed chenicals, crude oils and
cytostatic drugs, conpared with controls.
PCDs involving nore than three chronmpsones
are also nore frequent in ethyl ene oxide- and
oi |l -m st exposed groups than in others. For
the acrylonitrile and/or DMF exposed no
significant difference fromthe industria
control was found.
(2) wvalid with restrictions acceptable
study, neets basic scientific principles
Critical study for SIDS endpoi nt

(364)

Case report of vesicular and intensively
prurigi ous eczema on the hands of a 19-year-
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Reliability:

Fl ag:
09- AUG 2002

Renmar k:

Reliability:

Fl ag:
09- AUG 2002

Renmar k:

27- JUL- 2001

Renmar k:

Reliability:

Fl ag:
08- AUG 2002

ol d woman handl i ng several chem cals. Results
of patch tests showed a positive reaction
to DM 0.1 and 1.0 % in pet. DMF 0.1%in pet.
was negative in 20 controls.
(1) wvalid without restriction method and
performance conformto standard
Critical study for SIDS endpoi nt

(365)

Case report of painful edema of the hands in
a worker using DMF for degreasing.
(2) wvalid with restrictions basic data
gi ven, restrictions
Critical study for SIDS endpoint
(366)

Dose-response relationship of observed
abnormal |iver function anong DMF-exposed
workers and the interactions anong DMF, ot her
chem cal exposures, HBV infection, and
potential confounders on liver abnormalities
wer e exam ned.
The average DMF exposure conc. was 11.6 ppm
65 of 176 workers had high (>10 ppn) exposure
37 had mddle (>5 ppm <=10 ppn) exposure,
and 74 had | ow (<=5 ppm) exposure.
Conmpared with the workers having | ow DVF
exposure, the HBV, drinking, body mass index,
sex, duration of enploynment, epichlorhydrin,
and tol uene exposure adjusted odds ratios
for abnormal LFTs were 1.62 (ClI 0.61-4.28)
for workers with m ddl e DMF exposure and 2. 93
(Cl 1.27-6.8) for those with high DWF
exposure, and there was a significant dose
response DMF exposure and the preval ence of
abnormal LFTs (P=0.006).
There were significant associations between
abnormal LFTs and HBV carriers and between
abnormal LFTs and i ncreased BM.

(367)

A cluster of toxic liver disease anpbng
wor kers exposed to DMF was reported.
Thirty-five out of 45 exposed production
wor kers showed el evated |iver enzyne val ues,
conpared to one in a control group of 12
wor ker s.
(2) wvalid with restrictions acceptabl e study
nmeets basic scientific principles
Critical study for SIDS endpoi nt

(368)
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Renmar k:

21- NOV- 2002

Rermar k:

The correl ation between dinmet hyl formam de air
noni t ori ng measur enments and bi ol ogi cal
measurenents of a suitable netabolite of DWMF
in a cohort of operatives in a polyurethane
production unit was assessed. This was done
with a view to assessing how nmuch the
i nhal ati on route contributed to total DM
exposure, nmainly for control purposes. W
i nvestigated the rel ati onshi p between
personal air sanple nmeasurenents of DMF and
bi ol ogi cal neasurenents of N nethyl formam de
(NMF) in nine adult subjects, recruited
across the shifts, with varying | evels of
exposure to DMF. Personal exposure nonitoring
was carried out with a | owfl ow rate Model
222-4 SKC punp, while post-shift urine
sanmpl es were obtained for further analysis.
Operatives were asked to abstain from
consunm ng al cohol for 24 h before the
designated shift, as advised by the
| aboratory responsible for the anal ysis of
urine sanples. A very strong statistical
associ ation between air sanple nmeasurenents
of DMF and NMF in the urine of the sanple
popul ation (R(2) = 0.95, P < 0.0001) was
found.

(369)

A 19-year-old man suffered hepatic
dysfunction after 5 nmonths of exposure to

N, N- di net hyl f ormami de (DMF) at his job in the
synthetic resins industry. Laboratory data
reveal ed el evated |l evels of AST (578 11U/ I),
ALT (1193 11U/ 1), and gamma- GIP (107 1U1), no
viral infection with HAV, HBV, or HCV, and no
hi story or evidence of hepatic injury,

al t hough he did have a slight abdom na
abnormality and swelling which was detected
by pal pation. Hi's urinary N-nethylformam de
| evel, as a biological exposure index of
DMF, was 42.8 ng/l, indicating 10-30 ppm of
DMF exposure.

After 2 nonths he was reinstated in two

wor kpl aces, the forner where he worked in the
norning and the other in the afternoon where
envi ronmental DMF concentrations were | ess
than those in the former workplace. On the
18th day after his reinstatenment, his liver
functi on becane exasperated again. After the
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21- NOV- 2002

Renmar k:

21- NOV- 2002

Remar k:

second period of medication and one nonth
of rest fromwork, he had fully recovered and
was reinstated, but to a workshop w thout DWF

exposure.
(370)

The main netabolite of N, N-dinethylformam de
formed in both man and animals is
N- hydr oxymet hyl - N-net hyl f or mam de.
Denet hyl ati on | eads to N-nethyl formam de
(NMF) and formam de and also to a snall
extent to hydroxy-nethyl for mam de.
A bionpnitoring study with the ai m of
eval uating the correlation between the
excretion of N-nethylformam de
(rmainly from N-hydroxymet hyl f or mam de) and
| evel s of exposure to N, Ndi nethyl formam de
anong occupationally exposed people was
conducted. The mean time-wei ghted average
(TWA) exposure was about half (13.5 ng/nB) of
the current threshold |limt value, the range
of the values varying fromO0.4 to 75.2 ny/n8.
A linear equation existed between urinary NWVF
concentration and DVMF concentration in
the environnment. The findings show that the
urinary NMF concentration can be used as an
appropriate biol ogi cal exposure index. For
occupational ly exposed subjects, a urinary
NMF concentration corresponding to the
ti me-wei ght ed average of the threshold limt
value of 39.9 ng/l (37.2 ng/g creatinine) and
a 95% | ower confidence limt (biological
threshold) of 23.4 nmg/l (22.2 ngl/g
creatinine) was suggested.

(371)

Moni toring of workplace air and bi ol ogi cal
nmonitoring of 23 workers exposed to

N, N-di met hyl f ormam de (DMF) in the

pol yacrylic fibre industry was carried out on
4 consecutive days. The main focus of the

i nvestigation was to study the relationship
bet ween external and internal exposure, the
suitability of the netabolites of DWF for

bi ol ogi cal nonitoring and their toxicokinetic
behavi our in humans. Air sanples were
col l ected using personal air sanplers. The
limt of detection (LOD) for DMF using an
anal yti cal nmethod reconmended by the Deutsche
For schungsgenei nschaft (DFG was 0.1 ppm
The urinary netabolites,
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N- hydr oxymet hyl - N-met hyl f or mam de ( HMVF) ,
N- et hyl f or mam de (NMF), and
N-acetyl -S- (N- et hyl car banoyl ) -cyst ei ne
(AMCC), were determined in one analytical run
by gas chromatography with therm onic
sensitive detection (GC/TSD). The total sum
of HMW and NVMF was determined in the form of
NMF. The LOD was 1.0 nmg/l for NMF and 0.5
mg/ | for AMCC. The external exposure to DM
vapour varied greatly depending on the
wor kpl ace (median 1.74 ppm range < 0. 1-
159.77 ppm). Urinary NMF concentrati ons were
hi ghest in post-shift sanples. They al so
covered a wide range (< 1.0-108.7 mg/l).
This variation was probably the result of
different concentrations of DMF in the air at
di fferent workpl aces, dermal absorption and
differences in the protective neasures
i mpl enent ed by each individual (gloves, gas
masks etc.). The urinary NMF concentrations
had decreased alnost to zero by the begi nning
of the next shift. The median half-tinme for
NMF was determned to be 5.1 h. The
concentrations of AMCC in urine were
determined to be in the range from< 0.5 to
204.9 nmg/l. Unlike the concentrations of NW,
t he AMCC concentrations did not decrease
during the intervals between the shifts. For
t he exposure situation investigated in our
study, a steady state was found between the
external exposure to DMF and the |evels of
AMCC excreted in urine about 2 days after the
begi nni ng of exposure. AMCC is therefore
excreted nmore slowy than NMF. The half-time
for AMCC is nore than 16 h.
Li near regression analysis for external
exposure and urinary excretion of nmetabolites
was carried out for a sub-group of 12
wor kers. External exposure to 10 ppm DMF in
air (the current German MAK val ue)
corresponds to an average NMF concentration
of about 27.9 mg/l in post-shift urine from
t he same day and an average AMCC
concentration of 69.2 ng/l in pre-shift urine
fromthe follow ng day. NVF in urine sanples
therefore represents an index of daily
exposure to DMF, while AMCC represents an
i ndex of the average exposure over the
precedi ng wor ki ng days. AMCC is
considered to be better suited for
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bi omoni toring purposes because (1) it has a
| onger half-time than NMF and (2) its
formation in humans is nore closely rel ated
to DMF toxicity.

21- NOV- 2002 (371)

((371)

Remar k: Case report of a solvent-induced
(di met hyl f ormam de and ot her sol vents,
i ncl udi ng nmet hyl et hyl ketone and tol uene)
hepatitis in a male constructi on worker.

21- NOV- 2002 (373)

Remar k: A biomonitoring study with the aim of

evaluating the correlation between the
excretion of N-nmethylformam de
(NMF) (rmainly from N-hydroxy- N-

nmet hyl f or mam de) and

N-acetyl - S-(N-nethyl carbanmoyl ) cyst ei ne
(AMCC), and | evels of exposure to

N, N di met hyl f ormam de (DMF) anong
occupational |y exposed subjects was
conduct ed. Exposure |evels were determ ned by
personal sanpling: breathing zone air sanples
were collected by neans of passive sanplers.
DMF col l ected by the charcoal in persona
sanpl ers was anal ysed after extraction with
met hanol by a gas chromatograph. For the
pur pose of biological nmonitoring the

| evel s of NMF and AMCC were neasured in pre-
shift and post-shift sanples. Determ nations
were carried out by, respectively, gas

chr omat ogr aphy and hi gh performance

i quid chromat ography (HPLC). The nean

ti me-wei ghted average (TWA) exposure was
approxi mately half (13.5 nmg/ m(3)) of the
current threshold Iimt value, the range of
the values was fromO0.4 to 75.2 ng/ m 3).
Envi ronmental DMF concentrations exhibited a
significant correlation with the specific
mercapturic acid (AMCC) collected at the end
of the working week (AMCC Friday norning
mg/ | =1. 384xDMF (ng/ m(3)) +8. 708; r(2)=0. 47;
P<0. 008]; hence urinary AMCC represents an

i ndex of the average exposure during severa
precedi ng wor ki ng days, making it possible to
cal cul ate the approximte relationship

bet ween DMF uptake and excretion of this
nmet abolite. A significant correlation was
found al so between the daily excretion of NW
and the corresponding levels of DM in air.
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The equation of the regression |ine was:
NMF (nmg/ g creatinine)=0.936xDVF
(mg/ m(3))+7.306; r(2)=0.522 ( P<0.0001).
21- NOV- 2002 (374)

5.11 Additional Remarks

Type: adsor ption

Remar k: DMF in liquid or vapour formis readily absorbed
t hrough the skin, after inhalation or after ora
exposure (humans).

10- MAR- 2003 (375)

Type: adsor ption

Remar k: In humans DMF is rapidly metabolized and
excreted in the urine in the form of
N- hydr oxymet hyl - N- net hyl f or mam de and,
to a small extent, N nethylformm de,
N- hydr oxymet hyl - formam de and unnet abol i zed
DIVF.

26- AUG 1997 (376)

Type: Bi ochem cal or cellular interactions

Remar k: DMF i nhibited intercellular communication (as
measur ed by netabolic cooperation) between
Chi nese hanster V79 hprt +/-cells.

10- MAR- 2003 (377)

Type: Bi ochem cal or cellular interactions

Remar k: The influence of DVF on et hanol oxidation m ght
be expl ained, at l|least partially, by its
inhibitory effect on the activity of al cohol
dehydr ogenase in vivo and in vitro.

10- MAR- 2003 (378)

Type: Bi ochem cal or cellular interactions

Remar k: Exposure of rats (male, SD) for 4 h to air
containing 0 (0), 0,215 (66), 0,411 (126), 0,917
(281) and 1,024 nmg/l (314 ppm) DMF resulted in
i ncreased al ani ne anmi no transferase, glutamte
dehydr ogenase and sorbitol dehydrogenase |evels
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in blood collected 24 h after cessation of
exposure at concentrations of 0,411 mg/l (126
ppm or higher. When rats were exposed for
6 h/d, for 2 or 4 days, to atnobspheres
containing 0,411 nmg/l (LOEL of the forner
experinent), it appeared that a single 4 h
exposure generally induced a nore marked
i ncrease of enzyme activities than 2 or 4 daily
repeated 6 h-exposures.
01- SEP-1997 (379)
Type: Bi ochem cal or cellular interactions
Remar k: Two groups of weanling female Wstar rats were
treated once with DV al one (500 ng/kg, i.p.) or
with DM (500 nmg/ kg i.p.) in combination with
N- ni trosodi net hyl am ne to exam ne whet her DVF
(DMF is known to decrease the rate of
N- ni tr osodi met hyl am ne netabolim had any
i nfl uence on the hepatocarci nogenicity of
N- ni trosodi net hyl am ne. The rats were kept until
t hey became noribund, and were killed. None
of the test groups devel oped |iver nodul es or
l'iver tunours.
26- AUG 1997 (380)
Type: Bi ochem cal or cellular interactions
Remar k: DMF enhanced the nutagenicity of tryptophan-
pyrol ysate nutagens in the Ames test.
26- AUG 1997 (381)
Type: Cytotoxicity
Remar k: In vitro Dinethylformam de had an effect on the
differentiation pattern of cells.
01- SEP- 1997 (73)
Type: Cytotoxicity
Remar k: The authors assune that decrease in cellular
gl ut at hi one-content is possibly the reason for
the influence of cell differentiation in vitro.
10- AUG 2000 (382)
Type: Cytotoxicity
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Remar k: In in vivo investigations no disturbances of the
cell differentiation is observed.

26- AUG 1997 (383)

Type: Cytotoxicity

Remar k: Li ver necrosis was seen in mce inhaled 0,489 -
3,91 mg/l (150 - 1200 ppm 450 - 3600 ng/ nB)
DMF. Exposure period was not nentioned.

01- SEP-1997 (384)

Type: Cytotoxicity

Remar k: Toxicity was observed in guinea pigs after
several daily intragastric adm nistrations of 10
m undiluted DMF. Wthout any further
specification which effects were observed.

10- MAR- 2003 (385)

Type: Di stribution

Remar k: DMF has been shown to cross the placenta
exposure of rats by inhalation.

26- AUG 1997 (386)

Type: Excretion

Remar k: When 14C- DMF was adm nistered to mce, 83 % of
t he dose was recovered in urine within 24 h. O
this amount, 56 % was excreted as
N- hydr oxymet hyl - N- met hyl f ormam de and 5 % as
unmet abol i zed DMF; 3 % of the dose adm nistered
was excretedas N- (hydroxynethyl)-formam de or
formam de and 18 % as unidentified netabolites.

26- AUG 1997 (387)

Type: Met abol i sm

Remar k: The initially expected main netabolite
nono- N- met hyl f or mam de devel ops only in m nor
quantity.

17- JUL- 1997 (73)

Type: Met abol i sm
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Remar k: An internediary devel opi ng carbanoyl ati ng
met abolite could be responsible for the
cytotoxic effects (e.g. on hepatocytes).
The aut hors postulate a relatively higher
proportion of this netabolite in humans.
However, as limting point, it should
be taken into account that different ways of
adm ni stration between humans and m ce nake it
difficult to conpare the data of humans and
ani mal s.
31- AUG 2000 (161) (388) (389)
Type: Met abol i sm
Remar k: According to the authors it nay be possible that
an intermediary electro-affine netabolite
devel ops, which could be responsible for the
hepat o(cyto)toxic effects of the test substance.
26- AUG 1997 (390) (391)
Type: Met abol i sm
Remar k: In the urine of a test person the adduct
N-acet al - S- (N- net hyl - car banoyl ) cyst ei ne
resulting fromthe gl utathione deconposition was
found.
26- AUG 1997 (392)
Type: Met abol i sm
Remar k: In the urine of exposed rodents
N-acetyl - S- (N- met hyl - car banoyl ) cyst ei ne was al so
found.
26- AUG 1997 (391)
Type: Met abol i sm
Remar k: Di met hyl formam de is al nost readily resorbed
after oral, dermal and inhalative
adm ni stration/exposure and is
met abolised in the liver. The main netabolite
found in the urine is N hydroxynethyl-N
met hyl f or mam de.
10- MAR- 2003 (383) (393)
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Type: Met abol i sm

Remar k: Conparative studies with respect to the
met abol i sm of DMF after inhalation by female
rabbits and rats were perforned to el ucidate the
hi gher sensitivity of rabbit in conparison
to rats with respect to enbryotoxic and
teratogenic effects after oral adm nistration of
DIVF.
Bot h ani mal species were exposed once for 6 h
with 19 ppm (about 0.06 ng/L) and 205 ppm (about
0.62 ng/L), respectively or 5 tines for 6 h with
200 ppm (about 0.6 ng/L). Blood and urine were
i nvestigated. The matabolites were
N- et hyl f or mam de and formam de in both species.
After acute exposure at 200 ppmthe
deconposition happened somewhat slower in
rabbits than in rats. OQther species differences
in the metabolismwere not observed.

10- MAR- 2003 (394) (395) (396)

Type: Met abol i sm

Remar k: The main nmetabolic pathway of DMF in rodents
i nvol ves hydroxylation of the methyl group to
form N- hydroxymet hyl - N-met hyl f or mam de.

10- MAR- 2003 (387)

Type: Met abol i sm

Remar k: Accumul ation of acetal dehyde in bl ood has been
denonstrated in rats which were given ethanol 18
hours after exposure to DM.

26- AUG 1997 (397)

Type: Met abol i sm

Remar k: One of the nost widely reported synptonms of DM
exposure is alcohol intolerance (the antabus
effect). D sturbance of al cohol netabolism seens
to be the nost sensitive sign of effects of DW.

10- MAR- 2003 (398)

Type: Met abol i sm

Remar k: A greatly del ayed excretion of
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10- MAR- 2003

Type:
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26- AUG 1997

Type:

Renmar k:

26- AUG 1997

Type:

Renar k:

01- SEP- 1997

nonomet hyl formami de in urine, due to del ayed
bi otransformati on of DMF after conbined
exposure to ethanol and DMF, has been
denmonstrated in experinmental animls, human
vol unteers and persons occupationally exposed.

(399) (400)
Met abol i sm

The aut hors studi ed the biotransfornmati on of DWVF
in vivo in male and female SD rats after i.p.
treatnment, and in vitro in various rat organs
and tissues. Their results denpbnstrated that NW
was the main metabolite in rat in vivo.
Formam de was a quantitatively |ess inportant
urinary netabolite. In male and female rats the
liver was the main organ of biotransformation
The total anount of netabolites of DMF excreted
in urine was identical in both sexes, but
femal es excreted nore unchanged DMF than the
mal es.

(401)
Met abol i sm

DMF can be bioactivated to nethyl isocyanate, a
reactive species associated with hepatotoxicity.

(402) (403)
Met abol i sm

The aut hors exam ned the hepatotoxic potenti al
in mce. The results suggested that 2 netabolic
pat hways of N-al kyl forman des can be

di stingui shed: hydroxyl ation of the-carbon of
the N-al kyl group and oxidation of the fornyl
nmoi ety; the former pathway presunably
constitutes a detoxification route, and the
latter may well be associated with

hepat otoxicity, and affords a gl utathione
conjugate, S (N-nethylcarbanmoyl) gl utathione,
eventually excreted in the urine as nercapturate
(N-acetyl -S-(N-net hyl - car bonoyl )

cysteine = AMCC). AMCC i s supposed to be

i ndi cative of bioactivation of DMF toward a
reactive species associated with hepatotoxicity.

(404)
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16- AUG 2000

Type:

Renmar k:

Met abol i sm

The metabolismof DMF (without further
specification on the test substance) was assayed
in vitro in liver honpgenates of untreated and
phenobarbital treated rats. The anmount of am de
denet hyl ated was det erm ned by nmeasuring the

m cronol s of formal dehyde |iberated after
correcting for any formal dehyde in liver and in
substrate blanks. In vitro denethyl ati on of
DMF had been denonstrated in rat |iver
honbgenates and a 50% i ncrease in the
denet hyl ati on of DMF occurred in the livers
fromrats treated with phenobarbital. Thus, the
met abol i sm of DMF can be enhanced by treatnment
with chem cals which induce m crosomal enzynes
such as phenobarbit al

(405)
Met abol i sm

Monomet hyl f or mam de (MWF) has been identified as
the principal metabolite of DMF when it was
adm nistered s.c. to rats. According to the
aut hors, the netabolite in sufficient dosage can
cause teratogenic effects in rats but DWMF has
not been shown to be teratogenic. In the present
paper experinments are shortly described that
wer e conducted to identify the major netabolite
of DMF, to neasure its concentration in blood
and urine after a single s.c. dose in rats, and
to confirmthe presence of this metabolite in
the urine of worknmen handling DM.

In the pooled urine of 24 male rats (collected
from Monday to Friday) that were treated
subcut aneously with a dose of 300 ng DMF on
Monday and on Wednesday, the principal

conpound in the urine anal ysed by gas

chromat ography was identified as MW by its
retention tine.

A series of rats were treated s.c. with a single
injection of 0.6 mM of a 50% solution of DWF or
MW and sacrificed at intervals over a period of
64 hours to measure bl ood concentration of MW.
During each interval the urine was al so
col l ected for analysis. Evidence for netabolic
transformati on of DMF was found in blood wthin
one-hal f hour, the concentration increased
slowy and about 24 hours el apsed before a
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Type:

Renmar k:

31- AUG 2000
Type:

Resul t:

maxi mum was reached.

VWhen DMF is administered to rats about 75% of

t he dose was excreted in the urine as MW and
DMF. Alt hough sone DMF has been found in the
expired air and the feces, the DM

unaccounted for may be conpletely denethyl at ed
to formam de.

In the urine sanples of workmen handl i ng DWVF,
MW and not DMF was identified by its relative
retention time anal ysed by gas chromat ography.

(406)
Met abol i sm

Met abol i sm of DMF in humans and three species of
rodents (nouse, rat, hamster) was conpared in
terms of N acetal -S-(N-nethyl carbanoyl)cysteine
(AMCC). The animals were treated with DMF (in
saline) by single i.p. injections (7, 50, 500
nmg/ kg bw), whereas hunmans were exposed to DMF
vapors at 30 ot 60 ng/l for 8 hours. Urine was
coll ected and investigated. The results suggest
that the metabolic pathway | eading to AMCC i s
much nore inmportant in humans than in rodents

(407)
Met abol i sm

N, N-di met hyl formam de is readily absorbed after
oral intake, dermal exposure or inhalation.
Absor bed N, N-di met hyl formam de is rapidly and
uniformy distributed in the organi sm

Met abol i zati on takes place mainly in the

l'iver by mcrosomal enzynes.

N- hydr oxymet hyl - N-met hyl formam de is the main
met abolite of N, N-di nethylformam de in ani mals
and human beings and it is excreted with the
urine.

Mono- N- et hyl f or mam de which was once consi dered
to be the main netabolite of

N, N-di met hyl formam de is found only in | ow
levels in the urine. It could be shown that
nmono- N- met hyl f ormam de was mainly an artefact
formed on the gas chromatographic col um.

Mor eover it was shown, that internediary

met abol i sm produces to a | ower extent via a
second pat hway gl utat hi on adducts and its
degradati on products. As carbanoyl ati ng speci es,
whi ch reacts with glutathione nmethyl isocyanate
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was postul ated but not proven. The cysteine
adduct N-acetyl-S-( N nethyl carbanoyl)cysteine is
also found in urine at levels of 1%to 5% of the
dose in urine of |aboratory animals (mce, rat,
hansters) treated parenterally and at 10%to 23%
of the dose in persons who had inhal ed the
subst ance.

Formati on and excretion of the cysteine adduct
(N-acetyl -S-(N-net hyl car banoyl ) cysteine) in the
uri ne of persons inhaling N, N-dinethylformam de
takes place with a half-tinme of 23 hours.

Mor eover, investigations in animls had shown
that at |east after admnistration in single
hi gh doses, N, N-di met hyl formam de can i nhibit
its own metabolism (saturated netabolism.

Met abolic interaction occurs between

N, N- di net hyl f or mam de and et hanol .

Et hanol and probably the ethanol netabolite,
acet al dehyde inhibit the breakdown of

N, N- di nmet hyl f or mam de. Conversely,

N, N- di met hyl f or mam de i nhi bits the netabolism of
et hanol and acet al dehyde. Thus, increased

N, N-di net hyl formam de | evels in the bl ood were
found after the adm nistration of al cohol

and increased al cohol or acetal dehyde |evels for
up to 24 hours were reported after exposure to
N, N- di nmet hyl f or mam de.

Critical study for SIDS endpoint

(408)
Met abol i sm

The publication describes investigations of
femal e Sprague-Dawl ey rats exposed for 4 h to
2250 ppm or 565 ppm DMF (about 6.82 ng/l or 1.71
mg/1). Concentrations of DMF and the

bi ot ransformati on product nonomet hyl f or mam de
(MW) were neasured in blood and sone tissues at
different tinmes after the end of exposure
(groups of 4 rats were killed 0, 3, 6, 20 and
48 h after the end of exposure).

Both DMF and MW were distributed fairly
uniformy over the different tissues, though

bl ood and ki dneys usually had the highest
concentrations.

MWF concentrations O and 3 h after the end of

t he high exposure were generally |ower than MVF
concentrations at the same tinme after the | ow
exposure. Thus, the results suggest that DWF
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bi otransformation to MV is del ayed after the
hi gh exposure.
Critical study for SIDS endpoi nt

(409)
Met abol i sm

The toxicity of DVF has been associated with its
met abolismto S (N nethyl carbanoyl ) gl ut at hi one
(SMG) .

The major urinary netabolite of DMF is

N- (hydr oxynet hyl ) - N- et hyl f or mam de ( HVWMF). HMWF
under goes oxidation in the fornyl noiety,
possibly via the intermediacy of its hydrolysis
product N-nethyl formam de (NMF), and the
reactive internmedi ate generated reacts with
glutathione to yield SMG

In experinments to elucidate enzymatic details of
the metabolismof DW it turned out that the
affinity of DMF for the metabolising enzynme
(cytochrome P 450 2E1) in rat |liver mcrosones
i s considerably higher than that of NMF or of
HMVF. The respective val ues observed wi th human
m crosones are very simlar

Wth deuterated i sotopomers investigations were
performed on the kinetic deuteriumisotope
effect (KDIE) on DMF netabolismthat was
determined by incubations with rat mcrosones in
t hree ways.

It could be shown that DMF inhibited the

oxi dati on of NMF of HMW to SMG. DMF conpet ed
with the P450 2E1 substrate NMF for the enzyne
active site. The results obtained suggest

that a) hepatic P 450 2E1 is an inportant
cat al yst of the nmetabolism of DMF, b) DMF
inhibits its own metabolic toxification and c)
there is a marked KDIE on the netabolic

oxi dati on of DMF.

Critical study for SIDS endpoi nt

(410)
Met abol i sm

Male rats (Crl:CD BR) and male m ce (B6C3F1
(Crl1:BR)) were used for the present study for
whol e body exposure to 10, 250 and 500 ppm DMF
(about 0.03, 0.76 and 1.5 nmg/l).

Exposure routines were single 1-, 3-, or 6-hour
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exposures and ten 6-hour exposures (5d/week).
AUC val ues were determ ned for DMF and " NMF"
(NMF determi nation represents the sum of DM~ CH
and NVF in plasma due to quantitative conversion
of DMF-OH to NMF during the GLC anal ytic
procedure).

For each sanpling interval 4 rats and 4 mce
were used for blood and/or urine collection.
The DMF AUC val ues increased 8- and 29-fold for
rats and mce, respectively, follow ng single
6-h exposures to 250 and 500 ppm DMF. These data
were indicative of saturation of DVF netabolism
Peak NMF pl asna concentrations for rats and

m ce, follow ng single 6-h exposures did not

i ncrease as DMF exposure concentrations

i ncreased from 250 to 500 ppm In addition, the
NMF plasma levels in rats follow ng a single
6-h 500 ppm DMF exposure did not decay by 24
hours post exposure. These NMF plasnma data al so
i ndi cate saturation of DMF nmetabolism

Mul tiple exposure to 500 ppm DMF resulted in a
3- and 4-fold reduction in DVF AUC val ues for
rats and m ce, respectively, conpared to AUC
val ues after a single 6-h 500 ppm exposure.

This together with el evated peak plasma | evel s
for NMF indicate enhanced netabolism of DM
resulting fromnultiple 500 ppm DMF exposur es.
Based on prior metabolismstudies with DMF and
NMF and the present data, the authors propose
two maj or pat hways for DMF metabolism

One pathway is formati on of DM~ CH which is then
excreted in the urine. A previous metabolism
study from Scailteur and Lauwreys, 1984) wth
DMF-OH confirmed its unchanged excretion into
urine which represented approx. 60% of the
dose and conversion of DMF OH to NMF was not

i ndi cat ed.

The second pathway is conversion of DMF to NMF
and subsequent netabolismof NVMF to a variety of
Met abol i tes including cysteine conjugate.
Involved in this pathway is a proposed reactive
i nternedi ate that may be responsible for the
observed hepatotoxicity.

Critical study for SIDS endpoint

(411)
Met abol i sm

Mal e and femal e cynonol gus nonkeys were treated
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by whol e- body inhal ation with concentrations of
30, 100 and 500 ppm DMF (about 0.091, 0.30 and
1.5 ng/l) for 6 h/d and 5 d/week over a 13 week
peri od.

Serial bl ood sanples (from 2 nonkeys/ sex/ group)
were taken at the end of the first day of
exposure and follow ng 15, 29, 57 and 85 days of
testing.

AUC val ues were determ ned for DMF and " NMF"
(NMF plus DMF-OH). Urine sanples were collected
and assays for DMF, NMF and DM~ OH.

DMF AUC val ues increased 19- to 37-fold in male
and 35- to 54-fold in fenal e nonkeys as the

i nhal ati on concentrations increased 5-fold
(100 to 500 ppm). These data are consi stent

wi th saturation of DMF nmetabolismas inhal ed DVF
concentrations increased from 100 to 500 ppm
Esti mated plasma half-lives ranged from1 - 2
hours to 4 - 15 hours for DMF and " NWF",
respectively. DMF was rapidly converted to "NW"
followi ng 30 ppm exposures, with "NMF" plasm
concentrations higher than DMF pl asm
concentrations at the 0.5 h tinmepoint.

DMF- OH was al ways the main urinary netabolite
(56 - 95 % regardl ess of exposure |levels or
time on study.

Critical study for SIDS endpoi nt

(412)
Toxi coki netics

The toxicokinetics of N,N-dinethylformm de and

N- met hyl car banoyl thioesters ('SM5) forned from

DMF in mal e Sprague-Daw ey rats were

i nvestigated. For this purpose dernmal and

i nhal ati ve uptake rates of DMF vapours were

determ ned using systens for head-only and body-

only exposures, that allowed also the

determ nation of the urinary excretion of
unchanged DMF.

A physi ol ogi cal toxicokonetic nmodel of DMF was

devel oped using the determ ned uptake cl earances

and partition coefficients. Mreover an

anal ytical nmethod was devel oped for the

determ nation of 'SMG in blood plasma of rats.

St eady state exposures of rats to DVMF vapour at

di fferent concentrations were performed to

obtain a quantitative relation between

concentrations of DMF in atnosphere and

concentrations of 'SMG in blood plasm
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It could be shown that a linear relation between
concentration of DMF vapour up to 84 ppm and
concentration of '"SM5 in blood plasma occurred
in rats exposed at steady state to DM.

Mor eover, the 'SMG concentrations determ ned
in blood plasma of rats exposed at steady state
to DMF vapours of 25 and 84 ppmwere in the
range which produced toxic effects in studies
performed in vitro.

Critical study for SIDS endpoi nt

ot her

Ef fects of DMF on H+ extrusion and cytosolic pH
(pHi ) of nouse hepatonma cells (Hepa 1C1C7) were
i nvestigated. The data suggest that suppression
of acidification rate by DMF is likely due to
decreased netabolic acid production. It is
possi bl e that alteration in H+ production and
transport contribute to the hepatotoxicity of DM
and its effects on cellular differentiation.

(414)
ot her

Groups of 10 male rats were adm nistered a
single i.p. injection of DWMF (10, 100, 500 or
1500 ng/ kg) or were exposed for 4 h to DW
vapours (0.23, 0.45, 0.91, 1.36 and

2.73 mg/l, respectively (75, 150, 300, 450 Or
900 ppm) ) under dynani c conditions. Concurrent
vehicle control animls received the vehicle,
i.e. physiological saline solution or were
exposed to air only. 24, 48 or 72 h after i.p.
injection or after the end of the inhalation
exposure bl ood was taken from the ani mals and
assayed for the activities of SDH and GLDH
After 500 ng/ kg DMF both enzymes peaked at 48 h
and the levels increased 72 h after the
injection of 1500 ny/ kg DWF.

Maxi mum el evati ons were dose- and tine-
dependent .

After inhalation of DMF, concentrations of 0.45-
1.36 ng/l led to noderate el evations of enzyne
activities, the maxi ma of which occurred at 24 h
and were concentration-dependent.

At the highest concentration tested (2.73 ng/l)
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enzyme activities peaked at 48 h.
Enzyne activities were nore pronounced (i.p.)
and/ or were obtained at | ower |evels
(inhalation) with SDH than with
GLDH. This suggests that SDH is a nore sensitive
i ndi cat or of DMF-induced |iver damage than G.DH
29- AUG 2000 (415)
Type: ot her: bacterial gene nmutation assay
Resul t: DMF enhanced the nmutagenicity of tryptophan-
pyrolysate in Sal nmonella typhinmurium (TA98) in
the presence of an exogenous netabolic
activation.
10- MAR- 2003 (416)
Type: ot her: devel opmental toxicity in a |inb bud
organ cul ture
Remar k: N, N-di net hyl formam de and its nmajor netabolites

were investigated for their devel opnental
toxicity in the mouse |inmb bud assay. Neither
N, N- di met hyl f or mam de nor the predom nant
urinary metabolite N hydroxynethyl-N

met hyl f or mam de exhi bited devel opnent al
activity in the present investigation, whereas
the nmetabolites resulting fromthe gl utathione
bi ndi ng pat hway, i.e.

S- ( N-net hyl car banmoyl ) gl ut at hi one,

S- ( N- et hyl car banoyl ) cyst ei ne and

N-acetyl - S- (N- met hyl car banoyl ) cyst ei ne showed
potent devel opnmental activity on growth

(300 pg/ mM) and devel opnent (100 pg/ m ) of day
12 ol d nouse linb buds after 24 hours as well as
6 days in culture.

The three conpounds appear to be equi potent on a
nol ar basi s.

Li b bud defects were not observed in in vivo
studi es, where typical malformati ons were seen
in the formof vertebral, rib and tail defects
and herni a of brain and onphal os. The defects
reported in the present investigation indicate
that certain differentiating tissues are
specifically sensitive to the effective

subst ances (gl utathione adducts). Since the
present in vitro experiments were designated to
di stingui sh between effective and non-effective
nmet abolites in this regard and were not bound to
generate in vivo-like or -conparable effects.
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Type:

Resul t:

01- SEP-1997

Type:

Renmar k:

04- SEP- 1997

Type:

Renmar k:

In former experinments (Maz et al. 1989) a

hi gher portion of a N, Ndi methyl formam de dose
in humans was found to be metabolized to

N- acetyl - S- (N- met hyl car banoyl ) cystei ne (14.5%
after inhalation exposure versus only |less than
5.2% in rodents after i.v. injection. According
to the authors, this seens to be indicative of a
hi gher human susceptibility, but nay al so be a
consequence of the different dose and route.
The data of the present investigation indicate
t hat gl utat hi one adduct formation is the
causative pathway for the devel opnental toxicity
of N, N-di met hyl f or manm de.

Critical study for SIDS endpoi nt

(417)
other: enmbryo neural retina cell npde

In a chick embryo neural retina cell culture
nodel , a nunber of devel opnmental toxicants were
i nvestigated. Exposure period was 24 hours. This
nmodel undergoes processes of cell -cel
recognition and interaction, growth, and
differentiation over a 7-day culture period.
Each of these devel opnental events is neasured
separately as formation of nulticellular
aggregates, protein content and gl utan ne
synthetase activity. The LOECs for DM affecting
aggregation and differentiation was > 50 g/l

(> 68,5 mMV and 6,26 g/l (8,56 m\) affecting
gr owt h.

This assay showed a 80 % concordance with
mammal i an dat a.

(418)
ot her: epidem ol ogi cal studies (human)
These studies report on evaluation of health
effects, especially on cancer follow ng
occupati onal exposure to N, N-di nethyl formam de

(419) (420) (82) (421)

ot her: evaluation of ocular irritancy potenti al
In an 'evaluation of ocular irritancy potential:
sources of intralaboratory variability and

ef fect of dosage volunme' DMF was tested together
with six other conpounds that were al
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previously tested for ocular irritancy using
st andard Haskel|l Laboratory procedures.

22- AUG 2000 (422)

Type: ot her: human excretion

Remar k: N- met hyl f or mam de, formed from N- hydroxynet hyl -
N- nmet hyl f ormam de during gas chr omat ographic
anal ysis, has been neasured in the urine of
exposed workers. Urinary measurenents showed a
dose-rel ationship to airborne | evels of DW
after exposure by inhalation

26- AUG 1997 (423)

Type: ot her: inhalative toxicity

Remar k: A single 8 hour inhalation exposure of cats,
rabbits, guinea pigs and rats to a DMF saturated
vapour -air m xture showed no effects.

04- SEP- 1997 (424)

Type: ot her: nouse sensory irritation (Alarie Test)

Remar k: DMF was tested as a negative control for sensory
(upper airway) irritation potential in male
Swi ss Albino Charles River CD-1 nmice by head
only exposure for 10 m nutes exposure periods.
DMF concentrations used ranging fromoO to
2110 ppm (6.4 ng/L). The test was performed
according to the method of Alarie.
Sat ur at ed vapors of DM produced ni ni nal
irritation and the RD50 (concentration of a
material required to produce a 50% respiration
rate decrease) was determ ned > 2000 ppm DM
The maxi num respirati on decrease i nduced was 30%
sl owi ng.

21- AUG 2000 (425)

Type: ot her: odor threshold

Remar k: The odor threshold has been reported to be
300 mg/nB (0,3 ng/l; 100 ppm.

01- SEP-1997 (426)

Type: ot her: placental and mlk transfer of DVMF in

pregnant rats
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Type:

Remar k:

Pl acental transfer: a single oral dose of

100 nmg/ kg radi ol abell ed DMF in distilled water
(dose led to slight maternal and fetal toxicity
in a parallel conducted devel opnental study, see
chapter 5.9) was given by gavage to 5-6 pregnant
rats on GD 12 or GD 18. Aninmals were fasted

16 h prior to dosing. Excreta, blood and organs
(ki dneys, liver, ovaries, stomach, intestine and
uterus) as well as placental/enbryo/fetal units
(pool ed per litter) were investigated for
radi oactivity. It was shown in the study that the
radi ocarbon associated with a single oral dose of
100 ng/ kg DMF and/or its netabolites readily
traversed the placenta and distributed within
enbryonic/fetal tissues on GD 12 and GD 18.

Regardl ess of the stage of pregnancy,
concentrations of radioactivity were conparable
or slightly higher in the enbryo or fetus than
in the placenta. Peak conc. of radioactivity
were equal in GD 12 enbryos and GD 18 fetuses,
i ndicating that the placenta was freely and
equal ly perneable to DVF and/or its netabolites.
No evidence of accumul ation of radioactivity in
any maternal or enbryonic/fetal tissues was
observed.

M Ik transfer: Lactating female rats (n=16)
received a single oral dose of 100 ng/kg
radi ol abel l ed DMF on day 14 p.p.. 1, 2, 4 and 24
h after dosing (n=4 maternal animals/tine point)
were anesthetized and m |k sanples were
col l ected. Maternal blood sanples were coll ected
from abdom nal aorta following the mlk

col | ecti on.

Radi oactivity conc. in the mlk were simlar to
those in the plasnma throughout the 24 h period.
About 82-86% of the total radioactivity was
unchanged DMF, however netabolites

( N- Hydr oxynet hyl - N- met hyl f or mam de, HMVWF and
N- Met hyl f or mam de, NMF) were al so transferred
into the mlKk.

(427)
other: retention
At air concentrations between 1,1 and 24,2 ng

DMF/ nm8, lung retention in humans has been
calculated to be 64 %to 83 %
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10- MAR- 2003
Type:

Renmar k:

29- SEP- 2000

Type:

Renmar k:

26- AUG 1997

Type:

Renmar k:

(73) (430) (431) (432) (433) (434) (435) (430)
(437) (82) (438) (439) (440)

ot her: review

(441)
other: review

(442)
ot her: review

(443)

ot her: review

Short presentation of data on toxicol ogy and
bi ol ogi cal monitoring of DW.

(444)

other: review on reproductive and devel opnent al
effects

In a review, NIOSH has reviewed the |literature
on the reproductive and devel opmental effects of
DMF. DMF is known to have induced mal f ormati ons
in the offspring of mce and rabbits (N OSH
1990).

(445) (446)

ot her: summary of range finding toxicol ogical
dat a

acute oral: 3000 ng DM/ kg were adm nistered as
a 10% solution in water to two rats. The ani mals
survived but showed slight initial weight |oss.
According to literature values the LD50 in rats
is cited with 7000 ng/kg and in rabbits with
5000 nmg/ kg. eye irritation-rabbit: 100% DM,
unwashed | ed to noderate pain, irritation and
possi bly some pernmanent corneal damage. 100%
DMF, washed led to very slight pain, irritation
and possi bl e pernmanent corneal damage. 10% DVF
unwashed and washed led to very slight pain and
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23- AUG 2000

Type:

Renar k:

24- AUG 2000

Renmar k:

10- MAR- 2003

irritation for a few hours but not to corneal
injury.

skin irritation-rabbit: 5 applications of 100%
DMF on the intact skin of the belly led to
nmoder at e hyperem a and death in 6 days. 10
applications of 100% DMF on the intact skin of
the ear led to very slight hyperem a. 10
applications of 10% DMF on the intact skin of
the belly led to very slight scaliness. 10
applications of 10% DMF on the intact skin of
t he ear renmmi ned without any findings.

skin absorption-rabbit: DMF is readily enough
absorbed through the intact skin.

i nhal ati on(saturated atnosphere)-rat: after 7
hours of exposure of 3 rats no death occurred.
There was only very slight initial |oss of

wei ght. chronic vapor studies: according to the
authors results of inhalation experinments on
dogs reported to them by another | aboratory

i ndi cated that DMF has an appreci able chronic
toxicity.

(447)
other: time kill study in fish

Nopco 140, a m xture containing about 15 - 30%
D net hyl f ormani de (active ingredi ents Hexachl oro
di met hyl sul fone 17% Methyl ene bis-thiocyanate
6% inert ingredients 77% had shown to be

bi ol ogi cally unstable at use concentrations. In
a time-kill study it could be shown that the

m xture lost its toxicity for fish upon aging.
Fi shes were observed for 96 hours, there were no
changes in the death of fish past 24 hours.
Moreover in the TSCAT the follow ng LC50 val ues
for Nopco 140 are given: LC50 values for 96
hours in Lepom s macrochirus are 0.135 ng/L and
0.23 nmg/L in Oncorhynchus nykiss.

(448)

Et hanol and Di net hyl f or mam de deconposition is
mutual |y inhibited. After previous

adm ni stration of one of both substances either
i ncreased Di met hyl f ormam de or increased

Et hanol / Acet al dehyde-bl ood | evel s were seen

(87)
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10- MAR- 2003

I nvestigations with respect to hepatotoxicity
after i.p. adm nistration.

(449) (450)

I nvestigations with respect to anti neopl astic
ef fects.

(451)

Measur ements of DMF in bl ood and exhal ed air of
humans for assessing exposure.

(452)

In this validation study with 40 chemi cals the
aut hors investigated two conputer-based

t echni ques, COWPACT and Hazar dExpert to eval uate
their performance individually and in

conmbi nation for toxicity prediction against
human and rodent carcinogenicity data. The ains
were to continue the validation of COVPACT for
predi cting carcinogenicity, w dening the range
of CYP450 interactions cal culated; and to assess
the predictive val ue of HazardExpert with the
same chem cal. COWMPACT is based on the analysis
of the el ectronicand nol ecul ar structure of a
chem cal ; Hazar dExpert identifies structural
alerts associated with carcinogenicity,

nmut ageni city, teratogenicity, irritancy,
neurot oxi city and i mrunotoxicity.

The authors resumed that DMF is shown to be
CYP4502E specific in COMPACT, but that there is
no evi dence for ROS (reactive oxygen species)
toxicity. Consequently, it is unlikely that DWF
is carcinogenic. Furthernore DMF is not a
direct-acting el ectrophile. HazardExpert does
not predict any toxic effects for DM.

(453)

To assess the suitability of DV as solvents for
the Anes test the authors examned its toxicity
for the bacteria alone and in conbination with
nmodel conmpounds. DMF is toxic for bacteria at

| evel s of 500 pl per plate and higher.

(454)

(455)
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DMF was tested in fertilized Cyprinus carpio
eggs in test concentrations of 400 - 6400 ng/|
for 7 days. Fertilized Rana ni gronmacul ata eggs
were tested with the sanme concentrations for 8
days. The NOEC in the C. carpio test was 800
ng/|l the LOEC was 1600 nmg/l. For R

ni gromacul ata the NOEC was 3200 nmg/| and the
LOEC was 6400 ng/ | .

(456)

Comparison of the toxicity of DWMF and

Di met hyl acetam de. DMF i s nore toxic than DVAC
by oral and skin adm nistration

Oral adm nistration of DVF (w thout further
details on animals, test substance
specification, doses and exposure conditions
used) led to nortality in 9 out of 10 ani nals.
The derrmal administration of 1 cc. DVMF had shown
a fatality of 75% after six treatnents (again
further experinmental information is not given).
In a summary table the foll ow ng val ues were
given without further details on study designs:
oral, rat ALD 2250 ng/kg liver, kidney, lung
damage oral, rat subacute 10 applications of 450
ng/ kg: no deaths in 6 animls, marked wei ght

| oss, mlder liver and ki dney damage oral,

gui nea pig ALD 3400 nmg/ kg skin absorption,
rabbits ALD 5000 ng/kg liver damage, |ung edema
skin absorption, subacute 10 applications of
1000 ng/ kg: no deaths in 6 animls, noderate
wei ght loss skin irritation and sensitization,
100% |l ed to strong tenporary irritation (30 mn
to seceral hours); not a sensitizer inhalation,
rat 92.8 ng/L (30600 ppm lethal; 78.9 ng/L
(26000 ppm non-lethal inhalation, dog 6
exposure of 0.03 - 0.079 ng/L (11-26 ppm for 6
hours: no effect

Some of the data are also cited in: GeimH.:
Qccupational Toxicants, Critical Data Eval uation
for MAK Val ues and Cl assification of

Car ci nogens, 8, Deutsche Forschungsgenei nschaft,
1992

(457)

100% pure DMF was used for single and multiple
whol e- body i nhal ati on exposure in male Cl:CD BR
rats and mal e B6C3FI male m ce. For the single
one-hour, the single three-hour and the single
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Resul t:

si x-hour exposure as well as for multiple
exposure three dose |levels of 10, 250 and 500
ppm (about 0.03, 0.76, 1.52 ng/L) were chosen.
Each 4 male rats and 4 male mce were

i nvestigated at these dose |levels for the

one- and the three-hour exposure. Fromthese
ani mls bl ood was collected 0.5 hours after
exposure. For the six-hour exposure each 32 nal e
rats and male mce were used at the three dose
| evel s. From sel ected animal s of the six-hour
exposure bl ood and urine were coll ected at
various time points until 24 hours after
exposure.

Each 32 male rats and mice were exposed 10 tines
for six hours/day, on 5 days a week for 2 weeks
to the above nentioned dose | evels of DWMF. Each
6 male rats and m ce served as a control. From
sel ected control and treated animls blood and
urine sanples were collected at various tine
points until 24 hours after exposure. To assess
cell proliferation and norphol ogi cal changes the
following organs: l|iver, testes, kidney, nasal
ti ssues, trachea, lung and prostate were taken
24 hours after exposure from selected aninmals
t hat supplied the 24-hour blood and the 12-
and 24-hour urine sanples. The aninmals sel ected
for exam nation of cell proliferation were

i npl ant ed an osnotic punp after five days of
exposure that were |loaded with [3H thym dine.
The animals were exposed to DMF for an
addi ti onal 5 days.

The DMF area under the plasm concentration
curve (AUC) val ues increased 8- and 29-fold for
rats and mce, follow ng single 6-hour exposures
to 250 and 500 ppm DMF. These data are

i ndi cative of saturation of DMF nmetabolism
Mul ti ple exposure to 500 ppmresulted in a 3-
and 4-fold reduction in DMF AUC val ues for rats
and m ce, respectively, conpared to AUC val ues
followi ng a single six-hour 500 ppm DMF
exposure. DMF plasma half-life was al so reduced
2-fold for both species tested foll ow ng
mul ti ple 500 ppm exposures conpared to single
500 ppm exposures. These data are indicative for
enhanced netabolismof DMF resulting from

mul tiple 500 ppm exposures.

Urinary analysis of all sanples reveal ed

N- (hydr oxymet hyl ) - N- net hyl f or mam de ( DMF- OH)
represented over 90% of the sunmed DMF, DMF- OH
and N, -met hyl formam de (NMF) quantities.
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Resul t:

Under the conditions of the present study,
repeat ed DMF exposures did not significantly

el evate cellular proliferation indexes in livers
of rats and m ce. However, in mce a slight
concentration related increase in cel
proliferation occurred in mouse |iver, but
according to the authors the changes were not
statistically different fromcontrol possibly
due in part to the small sanple group size
(n=4). Although lung tissue had not previously
been identified as being affected by DWF
exposure, a statistically significant elevation
of cellular proliferation index was seen in rat
lungs after nultiple DMF exposures in this

st udy.

(458)

Mal e and fermal e cynonol gus nonkeys were exposed
by whol e- body inhalation to 30, 100 and 500 ppm
(about 0.09, 0.3, 1.52 ng/L) DVF of > 99%purity
for six hours/day, five days/week for 13 weeks.
Two mal e and two femal e nonkeys at each exposure
| evel were used for pharnmacokinetic

i nvesti gati ons.

Serial blood sanples were drawn at the end of
the first day of exposure and follow ng day 15
29, 57 and 85 on study (i.e. end of 2, 4, 8 and
12 weeks of exposure). AUC val ues were

determ ned for DMF and N-net hyl f or mam de (NMF).
From t he same nonkeys that provided bl ood

sanpl es, urine sanples were collected at the
above nentioned tinme points and assayed for DM,
NMF and N- (hydroxynet hyl) - N-net hyl f or mam de
(DMF-OH). Since bl ood sanples were drawn 0.5, 1,
2, 4, 6, 8, 12 and 24 hours foll ow ng

term nation of exposure, the first

exposure day was foll owed by two non-exposure
days to enable drawi ng the 24 hour bl ood sanpl e.
Addi ti onal tinepoints of 36 and 48 hours were
added to the week 8 and 12 bl ood col |l ecti ons.

Di sproportionate increases in AUC val ues for DM
were seen during the entire duration of the
study from 100 to 500 ppm Metabolic conversion
of DM to NMF was not saturated follow ng 500
ppm DMF exposures as indicated by increased peak
pl asma NVF | evel s between 100 and 500 ppm
exposures to DMF. No discernible effect on DWF
or NMF pharmacokinetic profiles for either sex
wi t hin each exposure were seen from day 15

250

UNEP PUBLICATIONS



OECD SIDS

DIMETHYI FORMAMIDE

5. TOXICITY

DATE: 28-MAY -2003
SUBSTANCE ID: 68-12-2

10- MAR- 2003

Renmar k:

10- MAR- 2003

t hrough day 85 of the study. Enhanced conversion
of DMF to NMF between day 1 and day 15 was

i ndi cated by el evated NMF pl asma concentrati ons.
NMF pl asma hal f-lives were often at | east 5-fold
| onger than conpani on DMF plasma hal f-1ives. NW
pl asma hal f-1ives were typically |onger

foll owi ng 500 ppm DMF exposures.

DMF-OH was excreted in the urine in greater

rel ati ve abundance than DM or NMF. DMF- OH
represented over 60% of the sum of DMF, NMF and
DMF- OH excretion products. These data suggest

t hat a substantial anount of DMF- OH was present
in circulating plasm but was converted to NMF
during plasm anal ysis.

Fol l owi ng 13 weeks of exposure to DMF there was
no evidence of any toxicity (including |iver
toxicity) at dose levels of 30, 100 and 500 ppm
When conparing the data of the present study
with the data of rats and m ce exposed to 250
and 500 ppm DMF by inhalation for 2 weeks there
is, according to the authors an i ndication that
DMF toxicity in rodents overestimates human
risk to DVF i nhal ati on exposures.

(459)

Pregnant rats were treated nultiple times by
topi cal adm nistration on gestation days 11, 12
and 13. Total doses adm nistered were 0.9 and
1.8 m, respectively. Uine was collected and
anal yzed. (Comment: Due to the fact, that the
TSCAT/ M crofi che was not readable in nost parts,
no further information can be given.)

(460)
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7.1 Function

7.2 Effects on Organismsto be Controlled
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7.4 User
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8.1 Methods Handling and Storing
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10.1 End Point Summary

10.2 Hazard Summary

10.3 Risk Assessment

Meno:

Remar k:

31- OCT- 2000

Hazard Assessnent Experience with Human Exposure

[5.11] Experience with Human Exposure

Per cut aneous absorption of |iquid and DVMF vapor
was shown in human volunteers. A good and I|inear
correlation of DMF concentrations in the air of
t he workpl ace and

N- hydr oxymet hyl - N- met hyl f ormam de in the urine
at the end of an 8-h shift was found. Workers
with high DMF wor kpl ace exposure concentrations
reported headaches, dizziness, anorexia, nausea,
abdom nal pain, and al cohol intol erance
(facial flushing and palpitations). Clinica

i nvestigations showed el evated |iver enzyne
val ues (ASAT, ALAT, and CPK).

Case reports of testicular cancer in aircraft
repair and |l eather tannery facilities were
reported. Mortality and cancer incidence studies
and nested case-control studies of testicular
cancer an several other anatom cal sites however
showed no convincing evidence. Validity of

i ncreased rates chronosomal aberration and SCE
rates reported in workers is questioned by sone
met hodol ogi cal shortcom ngs of these

st udi es.
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