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ABBREVIATIONS AND ACRONYMS

The list includes abbreviations and acronyms usdtlis report and in the confidential annexes to

the report:

ACGIH
AFMA
BEI
CIRFS
CSR
DCM
DMA
DMAC
DMF
DMI
DMPU
DMSO
ECETOC-TRA
ECHA
EFPIA
ERC
EU
EUSES
FRP
GDP
HVAC
IOELV
ISO
LEV
MIRAN
MMAc
MSDS

American Conference of Governmental Indastdygienists
American Fiber Manufacturers Association

Biological Exposure Index

The European Man-Made Fibres Association
Chemical Safety Report

Dichloromethane

Dimethylamine

N,N-Dimethylacetamide

N,N-dimethylformamide
1,3-Dimethylimidazolidin-2-one
Tetrahydro-1,3-dimethyl-1H-pyrimidin-2-one

Dimethyl sulfoxide

Targeted Risk Assessment Tool

European Chemicals Agency

European Federation of Pharmaceutical lindissand Associations
Environmental Release Category

European Union

European Union System for the EvaluatioBulfstances
Fibre reinforced plastic

Gross Domestic Product

Heating, Ventilation, and Air Conditioning

Indicative Occupational Exposure Limit Vaki
International Organization for Standardizatio

Local exhaust ventilation
Miniature infrared analyzer

DMAC metabolite monomethylacetamide

Material Safety Data Sheet
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NEP 1-Ethylpyrrolidin-2-one

NMP 1-Methyl-2-pyrrolidone

OECD Organisation for Economic Co-operation Begelopment
OEL Occupational Exposure Limit

PAI Polyamide-imide

PMIA Poly(m-phenylene isophthalamide)

PPE Personal Protection Equipment

PROC Process categories

PU Polyurethane

PVDF Polyvinylidene fluoride

RMM Risk management measure

RPE Respiratory protective equipment

SDS Safety Data Sheet

SIDS Screening Information Dataset

SPERC Specific Environmental Release Category
STEL Short Term Exposure Limit

SVHC Substances of Very High Concern

T™MU Tetramethylurea

TWA Time weighted average

UK United Kingdom

US EPA United States Environmental Protection Agen
VOC Volatile Organic Carbon
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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CATEGORY 1A OR 1B CMR, PBT, vPvB OR A SUBSTANCE OF
AN EQUIVALENT LEVEL OF CONCERN

Substance Name(s): N,N-Dimethylacetamide (DMAC)
EC Number(s): 204-826-4
CAS Number(s): 127-19-5

» The substance is proposed to be identified as @ubstmeeting the criteria of Article 57 (c) of
Regulation (EC) 1907/2006 (REACH) owing to its eifisation as toxic for reproduction
category 1B under Annex VI, part 3, Table 3.1 ofjiation (EC) No 1272/2008 as well as its
corresponding classification under Annex VI, part Table 3.2 of Regulation (EC) No
1272/2008 as toxic for reproduction category 2.

Summary of how the substance meets the CMR (1A oB) criteria

N,N-Dimethylacetamide is covered by index numbes-611-00-4 of Regulation (EC) No 1272/2008 in
Annex VI, part 3, Table 3.1 (the list of harmonis#assification and labelling of hazardous substahc
as toxic for reproduction, Repr. 1B (H360D: “Maynazge the unborn child”). The corresponding
classification in Annex VI, part 3, Table 3.2 (thst of harmonised classification and labelling of
hazardous substances from Annex | to Directive 88/f/5EC) of Regulation (EC) No 1272/2008 is toxic
for reproduction, Repr. Cat. 2; R61 (“May causenhato the unborn child”). Therefore, this
classification of the substance in Regulation (END) 1272/2008 shows that it meets the criteria for
classification as toxic for reproduction in accaorda with Article 57 (c) of REACH.

Registration dossiers submitted for the substance/es
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PART |

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Table 1: Substance identity

EC number: 204-826-4

EC name: N,N-dimethylacetamide
CAS number (in the EC inventory): 127-19-5

CAS number: 127-19-5

CAS name: Acetamide, N,N-dimethyl-
IUPAC name: N,N-Dimethylacetamide

Index number in Annex VI of the CLP Regulation |616-011-00-4

Molecular formula: CsHoN O
Molecular weight: 87.1 g/mol
Synonyms: Acetdimethylamide
DMA
DMAA
DMAc

Dimethylamide acetate

N,N-Dimethylethanamide
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Structural formula:

>\—CH3
HsC—N
N
CHg

1.2 Composition of the substance

Name: N,N-Dimethylacetamide

Description: ---

Degree of purity: 99 — 100 % (according to the information receivethe registration dossiers)

Table 2: Constituents

Constituents

Typical concentration

Concentration range

Remarks

N,N-Dimethylacetamide
EC number 204-826-4

99 — 100 %

According to the
information received in the

registration dossiers

Table 3: Impurities

Impurities

Typical concentration

Concentration range

Remarks

Information not relevant

Data form the registration
dossiers are provided in th
confidential Annex 3 of the

[¢)

report

Table 4: Additives

Additives

Typical concentration

Concentration range

Remarks

None

According to the
information received in the
registration dossiers

10
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1.3

Physico-chemical properties

Table 5: Overview of physicochemical properties

Property

Value

Remarks

Reference

Physical state at 20°C and
101.3 kPa

liquid

Discussion and the value
used for Chemical Safety
Assessment (CSA) reportg
in the endpoint summary

Bornscheuer, U.; Roempp;
Georg Thieme Verlag KG;
22008

Melting/freezing point

-20 °C

idem

Bornscheuer, U.; Roempp;
Georg Thieme Verlag KG;
2008

Boiling point

163 — 165 °C at 760 Torr

idem

O'Neil, Maryadele J.; The
Merck Index; Merck & Co
Inc.; Whitehouse Station,
NJ, USA; 14th Edition;
2006

Relative Density

0.9429 at 20 °C

O'Neil, Maryadele J.; The
Merck Index; Merck & Co
Inc.; Whitehouse Station,
NJ, USA; 14th Edition;
2006

Vapour pressure (p)

100 Pa at 28 °C

idem

Lide, Dacid R.; Handbook
of Chemistry and Physics;
CRC Press; Boca Raton,
London, New York; 88th
Edition; 2007-2008

Water solubility

> 1000 g/l at 20 °C

idem

BASF AG; Dampfdruck,
Explosionspunkte,
Wassermischbarkeit,
Flammpunkt nach DIN EN
22719, Ziundtemperatur;
Department of safety
engineering; 2001

Partition coefficient n-
octanol/water (logP value)

-0.77 at 25 °C

idem

Lide, Dacid R.; Handbook
of Chemistry and Physics;
CRC Press; Boca Raton,
London, New York; 88th
Edition; 2007-2008
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ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

2 HARMONISED CLASSIFICATION AND LABELLING

N,N-Dimethylacetamide (DMAC) is listed by index nber 616-011-00-4 in Annex VI, part 3 of
Regulation (EC) No 1272/2008 as follows:

Table 6: Classification according to part 3 of Anng VI, Table 3.1 (list of harmonised
classification and labelling of hazardous substansg of Regulation (EC) No 1272/2008

International Chemical |[EC No CAS No Classification Labelling Spec. Conc. |Notes
Identification Limits,
Hazard Class |Hazard state- |Pictogra |Hazard Suppl. M-factors
and Category |ment code(s) |m, Signal |state-ment |Hazard
Code(s) Word code(s) statement
Code(s) code(s)
N,N- 204-826-4 |127-19-5 |Repr. 1B H360D*** GHS08 |H360D*** Repr. 1B;
Dimethylacetamide Acute Tox. |H332 GHSO07 [H332 H360D: C=
4* H312 Dgr H312 5%
Acute Tox.
4%

* Indicates that the classification correspondshe minimum classification for a category

*** Hazard statements H360 and H361 indicate a gaheoncern for effects on both fertility and deomhent: ‘May
damage/Suspected of damaging fertility or the unlahild’. According to the criteria, the generaard statement
can be replaced by the hazard statement indicatirly the property of concern, where either festitir developmental
effects are proven to be not relevant. In ordertodbse information from the harmonised classtiimas for fertility

and developmental effects under Directive 67/548/HERe classifications have been translated onyfose effects
classified under that Directive.

Table 7: Classification according to part 3 of Anng VI, Table 3.2 (list of harmonized
classification and labelling of hazardous substansdrom Annex | of Council Directive
67/548/EEC) of Regulation (EC) No 1272/2008

International Chemical |EC No CAS No Classification Labelling | ConcentratiorLimits Notes
Identification
N,N-Dimethylacetamide 204-826-4 |127-19-5 Repr. Cat. 2; R61 [T Repr. Cat. 2: R61: € 5% E
Xn; r20/21 R: 61-20/21
S: 53-45

Note E: Substances with specific effects on hureatith(see Chapter 4 of Annex VI to Directive 68/&4£C) that are
classified as carcinogenic, mutagenic and/or tdaicreproduction in categories 1 or 2 are ascribigdte E if

they are also classified as very toxic (T+), tofi¢ or harmful (Xn). For these substances, the pistases R20,

R21, R22, R23, R24, R25, R26, R27, R28, R39, Ra&f(l), R48 and R65 and all combinations of thrsle
phrases shall be preceded by the word ‘Also’.
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ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

3 ENVIRONMENTAL FATE PROPERTIES

Not relevant for this dossier.

4 HUMAN HEALTH HAZARD ASSESSMENT

Not relevant for this dossier.

5 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this dossier.

6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 CMR assessment

N,N-Dimethylacetamide is covered by index numbe6-611-00-4 of Regulation (EC) No
1272/2008 in Annex VI, part 3, Table 3.1 (the kdtharmonised classification and labelling of
hazardous substances) as toxic for reproductioegoay 1B (H360D: “May damage the unborn
child”). The corresponding classification in Ann€k part 3, Table 3.2 (the list of harmonised and
classification and labelling of hazardous substarfcem Annex | to Directive 67/548/EEC) of
Regulation (EC) No 1272/2008 is toxic for reprodmetcategory 2 (R61: “May cause harm to the
unborn child”).

Therefore, this classification of the substancRégulation (EC) No 1272/2008 shows that it meets
the criteria for classification as toxic for repumtion in accordance with Article 57 (c) of REACH.
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ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

The underlying work for development of Part 1l bist Annex XV report was carried out under
contract ECHA/2010/175 SR28 by AMEGupported by COW] IOM3 and BRE. The technical
work on the current project has been led by COWI.

More detailed data on manufacturing, uses andseseare provided in a confidential annex to the
report.

EXECUTIVE SUMMARY

Manufacture, Import, and Export

In 2010, DMAC was manufactured by a number of camgm in the EU. Actual data on
manufacture have been obtained from all manufactura consultation. The total manufactured
volume was in the range of 15,000-20,000 tonneg. fblal import of DMAC into the EU as a
substance on its own was in the range of 1,00002t@nes and the total export was 3,000 — 4,000
tonnes.

Based on the data obtained, the total annual caotsoamof DMAC in the EU as process chemical
and for formulation of mixtures is estimated at0DD-19,000 tonnes.

DMAC was to some extent imported in mixtures, mafok the production of fibres, and in articles
as residual content (<3%) of fibres and films.

Uses

The main application area for DMAC, representing/65% of the total consumption in the EU, is

the use of the substance as solvent, as well egriatliate, in the manufacture of agrochemicals,
pharmaceuticals and fine chemicals. DMAC is usedhi& syntheses of many chemicals and
pharmaceuticals and, according to the lead regisfta DMAC, the substance is used by most
major producers within these sectors.

The second largest application area, representt 0% of the total EU consumption, is as
spinning solvent in the production of fibres of ieais polymers including acrylic, polyurethane-
polyurea copolymer and meta-aramid. The major apptin areas for the fibres are clothing, but
the fibres are to some extent also used for teehméxtiles, e.g. for reinforcement of composite
plastic materials. The fibres produced containduasi amounts of DMAC of up to 3%, which is
released by the subsequent processing steps.

DMAC is also used as a solvent for production thd$i of polyimide and possibly other resins
representing <2% of the total consumption. The ipalje films are used in a range of industries

117 Angel Gate, City Road, London, EC1V 2SH, Unikédgdom
2 Parallelvej 2, DK-2800 Kongens Lyngby, Denmark
3 Riccarton, Edinburgh, EH14 4AP, United Kingdom
4 Bucknalls Lane, Garston, Watford, WD25 9XX, Unitéshgdom
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ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

including consumer electronics, solar photovoltamd wind energy, aerospace, automotive and
industrial applications. Like the use in productiohfibres, the films contain residual DMAC,
typically in concentrations of <1%. The DMAC wilelreleased by the subsequent processing steps
but may also to some extent end up in the finalag.

Approximately 3-5% of the DMAC is used as solvamtcbatings for industrial use. The only use
which has been described in detail is the use efstibstance in polyamide-imide (PAI) enamels
used for electrical wire insulation, but manufaetarof DMAC have indicated that the substance is
used for other coatings as well. The DMAC in thel BAamels is destroyed by the application of
the enamels in industrial settings.

Minor uses of DMAC identified by the study are thge of the substance in paint strippers, ink
removers, as laboratory chemical, and use in thg®mical industry. In total these applications
account for less than 2% of the total consumption.

Exposure and releases

Worker exposure to DMAC in the EU should be coméablto levels below the Indicative
Occupational Exposure Limit Values (IOELVs), whiahe intended to protect workers from the
development of respiratory irritation. Indicativecdpational Exposure Limit Values (IOELVS) of
10 ppm as an 8 hour time weighted average (TWA) 2dicppm as a 15 minute Short Term
Exposure Limit (STEL) have been established inEkke Comparisons of available exposure data
with the IOELV (used as a reference point) in tegt toelow intend to give an indication of the
magnitude of exposure associated with the diffeusets and do not comprise any assessment of the
risk related to the toxicity for reproduction of DN.

Worker exposure during the manufacture of DMAC appdo be controlled to levels associated
with much lower intakes than those associated Wiéhfull shift IOELV. The process is entirely
enclosed and there is no likelihood of dermal balation exposure.

Worker exposure during the various uses of DMAGighly variable reflecting a wide range in the
scale of processes and degree of enclosure and mdkemanagement measures applied. Most
exposures are likely to be within the IOELV and,end processes are contained and effective
ventilation is employed, exposures are likely tammall fraction of the IOELV. The highest levels
of exposure are likely to occur during mixing arldnging involving DMAC in batch formulation
processes where workers may have multiple andgmifeant contact with DMAC. The use of
appropriate ventilation and personal protective imgent, however, could control exposures
associated with formulation to a small fractiortleg OELV.

The quantities of residual DMAC present in consurgeods are negligible and no consumer
exposure to DMAC is anticipated.

The major release of DMAC to the environment isnested to be associated with the production
and use of fibres which is estimated to accountrfore than 90% of the total quantified releases to
the environment. Residual DMAC in produced fibrep {o 3% of fibre weight) is estimated to be

released to the environment. It has however, neh lpossible to quantify the releases from films
(residual content is assumed to be released tertieconment), paint strippers and ink removers.

Alternatives

Overall, no information on actual replacement of BM with alternative solvents has been
obtained. The efforts by industry in reducing thee wf the substance have rather focused on
improving the recovery rate of DMAC.
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For the main uses of DMAC as a solvent in textileref processing and as a solvent in the
pharmaceutical industry, the most immediate alteres are themselves classified as toxic to
reproduction or carcinogenic or are currently scibje proposals to assign such a classification.

Of the other potential alternatives, two polar déipgreolvents, DMSO and DMI, could potentially be
used as alternatives for some applications of DM#&@h as in the production of pharmaceuticals
and other chemicals. DMSO is specifically markededhlternative to DMAC. No comparison with
the environmental and health profiles of these maikalternative substances has been made in this

report.

These solvents are currently not suggested asrgslfer manufacturing of textile fibres of the
types for which DMAC is used today. For textile peesing, no alternatives with a significantly
better environmental and health profile have beggested by industry or identified in this study.

The use of DMAC as a secondary solvent to dichl@tbigne in paint strippers seems not to be
essential, and paint strippers for similar appima without DMAC are marketed. Indeed, paint
strippers based on dichloromethane are due to &sephout for consumer use.
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ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

1 MANUFACTURE, IMPORT AND EXPORT

1.1 Manufacturing process

N,N-dimethylacetamide (DMAC) is produced by thecatean of dimethylamine (DMA) and acetic
acid in closed systems (OECD, 2001).

1.2 Manufacture, import and export of the substance onts own

According to the OECD SIDS for DMAC, the worldwigeoduction volume of DMAC in the year
2000 was estimated to be between 50,000 and 6@@d@s/year (OECD, 2001).

In 2010, DMAC was manufactured in the EU. Actualadan manufacture have been obtained from
all manufacturers via consultation. The total mactifred volume was in the range of 15,000-
20,000 tonnes. Numbers of companies, manufactsgiteg and volumes produced are shown in the
confidential annex.

In 2010, DMAC was imported by a number of comparieg have submitted registration dossiers
under REACH. The total imported volume based oarmftion obtained from importers was in the
range of 1,000-2,000 tonnes.

The total reported export of DMAC based on complejeestionnaires was in 2010 was 3,000-
5,000 tonnes. The figure includes reported exparinfall manufacturers. However, it cannot be
excluded that some DMAC is exported by companieghvhas not been identified, but the total is
still assumed to be within the indicated range.

Based on the data obtained, the total annual coptsumof DMAC in the EU for processes,
formulation of mixtures and production of articlss estimated at 10,000-100,000 tonnes. This
figure will be used for the following analysis. Agther described in Chapter 3, an estimated 93%
of the total is used as process chemical (mainky savent).

1.3 Trends

According to the lead registrant, over the pase fjears the DMAC market has been stagnating
with growth below average European GDP. A contigudeclining market is expected. This decline
is thought to be driven by the classification of B® and by lower consumption of fresh DMAC
due to recycling of the used substance. Overal§ @nticipated that in the future DMAC will be
predominantly used in industrial applications.

One producer of textile fibres indicates that DMA@hsumption has been reduced over the last few
years due to changes such as process improvemogtitajzation of recycling of used solvent and
capture of fugitive emissions. Another producerfibfes has indicated the intention to reduce
DMAC consumption by reducing the DMAC content ie final fibre product.

1.4 Import of the substance in mixtures

Some import of DMAC as a mixture is included in figures for import of DMAC on its own.
This is because some importers have indicated ahagrtain amount of DMAC is imported in
mixtures for use as solvent in textile processmitjy no further details.
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DMAC is imported as a solvent in an ink eraser (@nfurther described in section 2.7). The total
import is roughly estimated at < 1 tonne.

It cannot be ruled out that some DMAC is importadsome mixtures such as coatings or paint
strippers, but no import has been specifically idiexl.

15 Import of the substance in articles

DMAC is imported as an unintentional residue inypmér films and fibres. Actual import of films
of polyimide for use in the electronic industry aeldstane fibres has been reported, but DMAC
may possibly also be imported in other films arates. The DMAC is used as a solvent in the
production of films and fibres. In the films theno@ntration is typically <1% whereas for the fibres
concentrations up to 3% are reported althoughytpiedl concentration is still below 1 %It has
not been possible to identify any import of fibresit it cannot be excluded that both import and
export of raw fibres takes place (DMAC is basicaghyesent in the raw fibres only, as further
discussed in section 2.2).

The total import of films with residual DMAC hastrimeen reported, but the total import of DMAC
is likely to be in the range of 10-100 tonnes peary however the basis for the estimate is very
uncertain. More information on imported quantities been requested from the main importer, but
none was received within the deadline for dataectitbn.

1.6 Releases from manufacture and transport

1.6.1 Operational conditions of use and existing risk maagement measures

1.6.1.1 Manufacturing process

N,N-dimethylacetamide (DMAC) is produced by thecatean of dimethylamine (DMA) and acetic
acid in closed systems (OECD, 2001). The reacBaat elevated temperature and pressure and the
substance is purified by distillation.

1.6.1.2 Operational conditions

Registrants have developed exposure scenariofhi¢oproduction of DMAC. Respondents to the
guestionnaire indicate that DMAC is manufacturethimi a high integrity contained system where
little potential for exposure exists (PROC 1). Téred product is transferred into vessels/large
containers at dedicated automated facilities. Sengd undertaken using closed loop systems.

Exposure may take place during automated fillingimtenance, and lab analysis.

1.6.1.3 Risk management measures

5 One of the identified MSDSs indicates the conaitn of DMAC as 0-10%. The MSDS use in generalrtbgation
with wide ranges, and all available informationigades that the residual DMAC concentration is theB86.

18



ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

The key risk management measures (RMMs) are pramsdssure and automation of the filling
facilities.

One of the respondents to the questionnaire ingticéhat workers at the filling station wear
protective gloves (butyl) and goggles. During mamnance operations workers use protective gloves
(butyl), face shields, a respirator fitted with appropriate filter and a chemical protection suit
conforming to the following standards.

* Type 3 EN14605 Liquid tight suit / Type 4 EN146Q&&y tight suit
* Type 5 EN ISO 13982-1 Dry particle suit

» EN14126 Barrier to infective agents

 EN1073-2 Barrier to radioactive particulates - Glas

* EN1149-1 Anti-static

Another respondent indicated that workers are redquio use “adequate respiratory equipment” in
case of accidental release, safety glasses oreadleld and protective shield during special
activities undertaken as part of plant maintenance.

Indicative Occupational Exposure Limit Values (IOKE) of 10 ppm as an 8 hour time weighted
average (TWA) and 20 ppm as a 15 minute Short TExposure Limit (STEL) have been
established in the EU. These limits were set togarethe development of respiratory irritation in
workers and do not take account of reproductivacttyx(Scientific Committee on Occupational
Exposure Limits, 1994).

1.6.2 Releases of the substance from manufacturing

1.6.2.1 Occupational exposure
Exposure estimations for the manufacturing proeessncluded in the confidential annex.

During the manufacture of DMAC, the process is regaly entirely enclosed and there is no
likelihood of dermal or inhalation exposure.

Automated filling of the product minimises worketp@sure during filling. In addition, the use of
gloves greatly reduces the potential for incidedtimal contact. Exposures to DMAC are likely to
be greatest during maintenance operations. Therenarmeasurements of inhalation exposure
concentrations during maintenance work but in theeace of respiratory protection, they would be
likely to be substantially greater than during noetprocess operation. The use of appropriate
respiratory protective equipment (RPE) during nmenance work would be expected to reduce
exposure levels by a factor of 10 such that wodsgrosure during maintenance operations may not
be substantially greater than during routine opemat

A small quantity of older data describing the expesof European production workers is provided
in the OECD Screening Information Data Set (SID&jsier (see Table 1.1), but the relevance of
these data to current exposure in the EU is ungertais indicated within the SIDS dossier that
production of DMAC was undertaken within a closggtem within an acrylic fibre producing
plant. Production volumes were reported to be IsDMAC was largely recycled within the fibre
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production process leading to only a small demamndrésh DMAC to be added during each fibre
production cycle. Further information on exposreriovided in the confidential annex.

Table 1.1 Exposure of European production worker¢OECD, 2001)

Data source Activity Shift mean inhalation | Shift mean inhalation | Dermal dose mg/day
ey | Soukmuaton ="M | nssumes no dermal
3 y 9 protection
mg/m
Monsanto Manufacturing 1.06 2.49 1.3-3.9
Dupont Manufacturing 0.14 1,300-3,900
Tank car/wagon | 5.27 1,300-3,900
loading
Drum loading 1.21 1,300-3,900
Maintenance <3.5 1,300-3,900

All the measurement data and exposure estimatésatedthat levels of inhalation exposure during
product are low in relation to the IOELV.

1.6.2.2 Environmental releases

Based on emission factors, further described incthrdfidential annex (section 3.2 therein), it is
estimated that approximate 3.5 tonnes of DMAC Isaged in the EU from the manufacturing
process to waste water directed to sewage treatpi@nts. Air emissions from the manufacturing
process are roughly estimated at approximatelydhbes. No emission to soil is expected.

1.6.3 Releases of the substance from transport

No data on the releases of the substance by trerspee been available. Compared to the releases
to the air further down the supply chain the redsasom transport are assumed to be small.

1.7 Mass balance and conclusions for manufacture, impband export

In 2010, DMAC was manufactured by a number of camgm in the EU. Actual data on
manufacture have been obtained from all manufatura consultation. The total manufactured
volume was in the range of 15,000-20,000 tonnes.tdtal import of DMAC as a substance on its
own was in the range of 1,000-2,000 tonnes antbtiaéexport was 3,000 — 5,000 tonnes.

Based on the data obtained, the total annual cgotsmof DMAC in the EU for processes and
manufacturing of mixtures and articles is estimatetl1,000-19,000 tonnes.

The mass balance for the manufacture, import apdréxof DMAC on its own is illustrated in
Figure 1. The import of DMAC includes some smalbntities of DMAC imported as mixtures
used as a solvent in textile manufacturing.

DMAC was to some extent imported in mixtures, maifdr the manufacturing of fibres, and in
articles as residual content (<3%) of fibres ahddi
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Manufacture Air: 0.5 ; waste water: 3
15,000-20,000 Solid waste: no data

v

P Export  3,000-5,000

<

Import 1,000-2,000

> Transport No data g
- »>
Process chemical Other uses
10,000-17,000 1,000-2,000
Figure 1 Mass balance for manufacture, import and xport of DMAC on its own in 2010
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2 USES OF THE SUBSTANCE

2.1 Overview of uses

As part of this study, questionnaires have beem tteemanufacturers, importers and downstream
users of DMAC. Furthermore, some minor uses hawn hdentified by Internet searches for

Material Safety Data Sheets (MSDSs) specificallyidgating the presence of DMAC in mixtures

and polymers.

Based on the information obtained, the followinglagations of DMAC in the EU have been
identified:

* Process solvent and reagent in the production raichgmicals, pharmaceuticals and fine
chemicals;

* Process solvent for spinning of fibres of variooyymers including acrylic, polyurethane-
polyurea copolymer (Elastane, Spandex) and polyienylene isophthalamide) (PMIA,
meta-aramid);

* Process solvent in the production of polyimide palysulphone films;

» Solvent in coatings e.g. polyamide-imide (PAI) mets (varnishes) used for electrical wire
insulation;

* Solvent in paint strippers (paint removers) andregrkovers;
» Excipient (carrier ingredient) in human and vetarinpharmaceuticals;
e Laboratory uses.

For some of the uses as solvent, the DMAC will besent as a residue in polymers (e.g. textile
fibres) and significant amounts of the substancelesased by downstream uses of the polymers.

The total consumption of DMAC for uses within th® S estimated to be in the range of 11,000-
19,000 tonnes in 2010. The estimated breakdowredbasa information from manufacturers and
importers representing approximately 98% of the keiaof DMAC is shown in Table 2.1. The

indicated number of users and the extent to whlod wsers are industrial, professional or
consumers is estimated by the authors to be thé kel based on information obtained from

guestionnaires.

The substance is nearly 100% used by industriaprofessional users. The only identified
application where the substance is present in aunexused by consumers is a pen for removal of
ink.

The major use of DMAC is as a process chemical hie production of pharmaceuticals,
agrochemicals and fine chemicals. A detailed sphitthe three application areas has not been
available from all manufacturers/importers, but thwoduction of agrochemicals and
pharmaceuticals seems to be the main areas anddprésent a significant part of the total.
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Table 2.1 Estimated distribution of the use of DMA in the EU in 2010 based on information
from questionnaire response

End-use sector Application % of total Number of End users
companies
Production of Process solvent in the 65-70 100-1000 100% industrial
agrochemicals, synthesis of active
pharmaceuticals and | agrochemical and
fine chemicals pharmaceutical substances
Textile industry, Spinning solvent in the 25-30 1-10 100 % industrial
plastics !ndgstry, prodl_quon of fibres of (manufacturing
automotive industry acrylic, polyurethane- :
of fibres)
polyurea copolymer and
meta-aramid 101-1000
(manufacturing
of textiles)
Electrical component | Solvent in coatings 3-5 11-100 100% industrial
industry
Possibly other sectors
Polymer industry Solvent for polyimide and | <2 no data 100% industrial
other resins in film
production
Metal industry Solvent in paint strippers <1 1®m10 100%
industrial/professiona
Offices Solvent in ink removers <1 no data partly professional,
partly consumers
Laboratories Laboratory chemical 0.3-0.6 no data 0% @rofessional
Other * <1

* Includes petrochemical industry. Further inforraaton the use has been requested from manufastof &MAC, but no data has
been received.

According to the OECD SIDS, around the year 200RIAQ was principally used as solvent for
dissolution in the man-made fibre production indugOECD, 2001). As indicated in Table 2.1,
this is not the situation in the EU today, where thajority of DMAC is used as a process solvent
in the production of agrochemicals, pharmaceutiaatsfine chemicals.

According to Honnert and Grzebyk (2010), the mapligation of DMAC in France in 2008 was
as a solvent in the manufacturing of acrylic, potyhane and aramide fibres. This application
accounted for the majority of the identified congtion of 1,510 tonnes DMAC in France. In total,
67 companies in France registered the use of DM#Ghie study.

Other minor application areas mentioned on manufacs’ websites are (Taminco, 2011):
» Solvent in the production of x-ray contrast media.
* Solvent in the production of cellophane (cellul@ka).
» Solvent for cellulose fibres in several application
Specific information confirming the consumption@¥AC for these areas has not been obtained.

The OECD SIDS (2001) quotes US EPA (1995) for thiéowing applications: DMAC may be
used as a solvent for production of X-ray and pi@phic products (10-20%), reactor solvent for
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cosmetic and pharmaceutical intermediates (10-2@#ajnid fibres (10-20%), polyimide films and
polymers (<10%), resins and polymers (<10%), miaoebus organic chemicals (<10%), and
liquid treatment fibres (<10%); and solvent in protion of photo-resist stripping compounds
(<10%) (US EPA Use and Exposure Profile, 1995)th@ke applications, the uses as photo-resist
liquid treatment fibres and stripping compounds matsbeen identified in the EU.

In Canada, the reported uses of DMAC, apart frompliegtions identified in the EU, includes
photoresist stripping in the production of electcocomponents and sealant applications in aircraft
(Environment Canada, 2009). Photoresist stripptnthe removal of unwanted photoresist layers
from the semiconductor wafers. 1-methyl-2-pyrrohddNMP) is widely used for this application
(ECHA, 2011b).

2.2 Use # 1 — Use as a solvent in man-made fibre prodion

2.2.1 Functions of the substance

As indicated in Section 2.1, one of the principaési of DMAC in the EU is as a solvent in the
production of man-made fibres used in textile potilin. DMAC acts as the solvent in the

polymerization reaction and helps transfer the mely through the spinning process to produce
very fine fibres.

The solvent is recovered and recycled in the peesl the consumption of DMAC is related to
the solvent losses due to acid hydrolysis durirggpvery, environmental releases, residuals in the
fibres and DMAC disposed of as waste from the psce

2.2.2 Applications

DMAC is used in the spinning of man made fibres. AMis used as a solvent for spinning of
fibres of various polymers including acrylic, polgthane-polyurea copolymer (Elastane, Spandex)
and poly(m-phenylene isophthalamide) (PMIA, metasad).

Man-made fibres come in two main forms: continufilasnent, used for weaving, knitting or carpet
production; and staple, discontinuous lengths lmfefiwhich can be spun into yarn or incorporated
in unspun uses such as fillings or nonwovens. TRAD is mainly used for the manufacturing of
continuous filament fibres.

The fibres are to some extent used in combinatiibim @ther fibres. The elastane is typically mixed
with cotton or polyester fibres, whereas the mesawrad fibres may be used in combination with
fibre glass e.g. for protective clothing and glaves

Whereas the main part of the fibres is used fodgection of clothing, a part of fibres are used as
technical textiles for other applications.

Examples of applications of technical textiles afteaaramid and polyacrylonitril fibres described
on the websites of producers of the fibres include:

Fibreglass/meta-aramid nonwoven (felt) fabrics Usedaerospace composites where light
weight, strength and stability are crucial (BGF12pD

Surface tissue made of polyacrylonitril used imdibeinforced plastics (FRP-applications). The
surface tissue is used to reduce fibre print thinoafgglass fibres in the surface which means a
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better surface quality (Lantor, 2011). The surfiissue is for instance used in the production of
truck cabins of fibre reinforced plastics.

Meta-aramid fibres are used in different systemsrelproperties typical of textiles should be
adapted to high ambient temperatures. An examfikeiss for hot gas filtration (Dupont,
2011b).

Paper made from synthetic meta-aramid polymer omghwysical forms: short fibres (floc) and
microscopic fibrous binder particles (fibrids) (Amad, 2011). The paper is widely used in two
major end uses including (i) insulation for elezafiequipment applications in liquid and dry
transformers, motors, and generators and (ii) stratcomposites. (Aramid, 2011).

2.2.2.1 Sectors of use and description of the supply chain

The European Man-Made Fibres Association (CIRFSheésrepresentative body for the European
man-made fibres industry. Man made fibres are preddrom a variety of polymers.

In 1997, fibre production using DMAC in Europe westimated as (OECD, 2001):
» 410,000 t/year of acrylic fibre,
» 25,000 t/year polyurethane elastane yarns, and
* 4,000 t/year meta-aramid fibres.

CIRFS has been asked to provide updated informatiothe quantities of fibres produced by the
use of DMAC but updated data have not been obtaifleel production of acrylic fibres in Europe
in 2009 is reported to be 562,000 tonnes (CIRF&1RMut data for the other fibres have not been
available. It is not indicated to what extent tleeyhc fibres are produced by the use of DMAC.

Man made fibres are used for various end-uses aridrgugh a number of processing steps before
the fibres ultimately end up with the consumerhe form of a piece of clothing or in different
technical products.

DMAC is only used intentionally in the first stagd the supply chain of the fibres, the
polymerization reaction. However, a small resicarabunt of DMAC (typically 0.1-1%) remains as
an impurity in the fibres used downstream in thepsyichain.

After the spinning, the fibres are typically furthprocessed by companies within the textile
industry.

The involved processes may include:
* Fibre processing: rewinding, knitting, beaming, piag, etc.
» Fabric processing: dyeing, heat setting, washitay, e
» Textile processing: cutting, sewing, etc.

The different processes within the fibre processing fabric processing may take place in separate,
specialised companies or the entire process frone fio final fabric may be undertaken by one
integrated company.

The further processing of the final fabric, i.ee tmanufacturing of clothing, carpets, household
textiles and a wide range of technical productsyeally undertaken by other companies.
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The DMAC would typically be present as a residuesighificant concentration only in the first

steps of the fibre processing. As further discussedhe section 2.2.4, the residual DMAC
evaporates during the processing of the fibresthacconcentrations in the final fabric are below
the detection limit.

The supply chain of DMAC is consequently considetieeaonsist of the production of the fibres
and the processing of the fibres. The supply ckairiibre and fabric processing is quite complex,
and is here considered as one stage. In readitysdme products the supply chain could consist of
different companies involved e.g. in knitting angeohg. Information on the number of exposed

workers has not been available.

Table 2.2 Supply chain of DMAC used as solvent iman-made fibre production

Stage| Stage in supply chain Sector Number Spatial Remark
of distribution
companies
(total)
1 Production of man-made | Man-made fibre 1-10 Even across Europe
fibres industry
SU5 Manufacture of
textiles, leather, fur
2 Fibre and fabric processing Textile and clothing | 101-1000 Even across EuropeResidual DMAC
industry in the fibres used
SU5 Manufacture of ?hsisrz‘;\;g;aits”al at
textiles, leather, fur typically 0.1-1 %
but can be up to
3%
3-5 Production of textiles and | SU5 Manufacture of | >1000 Even across EuropeResidual DMAC

clothing

Production of composites
for the automotive,

construction and including
aeronautics sectors compounding and
conversion

Users of filters in different
sectors

Not considered a part of th
supply chain of DMAC

For the further stages in th
supply chain of fibres
DMAC is not present in

textiles, leather, fur

SU12 Manufacture of
plastics products,

SU17 General
manufacturing, e.g.
machinery,
equipment, vehicles,
eother transport
equipment

D

significant quantities

in the fabric is
typically below
detection limit

2.2.2.2 Use in mixtures

DMAC is used as solvent on its own for this apglmaarea.
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2.2.3 Processes involved in the production of fibres

DMAC is used inproduction of polymers from monomers in continuamsl batch processes.
DMAC acts as the solvent in the polymerization tescand helps transfer the polymer through the
spinning process to produce very thin fibres.

The process is described by the respondents tqubstionnaire as “Use as carrier solvent in fibre
production” covered by SU 3 (Industrial uses: Usésubstances as such or in preparations at
industrial sites ) and PROC 3 (Use in closed bptoless (synthesis or formulation)).

The following overall description of the procesdasyely extracted from the description provided
on the website of the American Fiber Manufactufesociation (AFMA, 2011).

In their initial state, the fibre-forming polymease solids and therefore must be first convertéal in
a fluid state for extrusion. This is usually acladvoy melting, if the polymers are thermoplastic
synthetics (i.e., they soften and melt when heated)y dissolving them in a suitable such as
DMAC solvent if they are non-thermoplastic polymeffie process is sometimes referred to as
dope preparation.

The fibres are produced by pressing the liquid ughothe spinneret. The spinnerets used in the
production of most produced fibres are similapiimciple, to a bathroom shower head. A spinneret
may have from one to several hundred holes. Theojirenings are very sensitive to impurities and

corrosion. As the filaments emerge from the hatethée spinneret, the liquid polymer is converted

first to a rubbery state and then solidified. Thiscess of extrusion and solidification of endless
filaments is called spinning, not to be confusethwhe textile operation of the same name, where
short pieces of staple fibre are twisted into yarhere are basically four methods of spinning

filaments of fibres: wet, dry, melt, and gel spmmni

DMAC is primarily used for wet and dry spinning.

Wet spinning is used for fibre-forming substancleat thave been dissolved in a solvent. The
spinnerets are submerged in a chemical bath artbeaflaments emerge they precipitate from
solution and solidify. Because the solution is edé&d directly into the precipitating liquid, this
process for making fibres is called wet spinningryic, rayon, aramid, modacrylic and spandex
can be produced by this process.

Dry spinning is also used for fibre-forming substesin solution. However, instead of precipitating
the polymer by dilution or chemical reaction, stichtion is achieved by evaporating the solvent
in a stream of air or inert gas.

According to information obtained from producers fdires, dry spinning is today used for
production of polyurethane based fibres (spandkastane) whereas wet spinning is used in the
production of acrylic fibres.

In order to reuse the DMAC in the process, the DMAa@moved by evaporation with subsequent
extraction. The extracted DMAC is then condensetiranovered in a set of distillation columns.

In the case of a wet process, the separation/patidin process involves the transference of a
water/solvent solution through heat-exchangersuroos and between vessels at dedicated
facilities.

According to a supplier of DMAC recovery plantse thlant would normally include the following
units: distillation unit; squeezing column unit aDMAC stripping unit. The overall recovery yield
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is reported to be up to 99.5% in relation to thatpwf the initial feed. The technology can aclaev
a purity of 99.99% of the recovered DMAC (MFC, 2p11

The DMAC is consequently reused as a solvent mamgstin the process. The remaining 0.5-1%
from each cycle is evaporated from the processairesrin the fibres as residue, is discharged with
waste water or is disposed of with waste from tlee@ss. Whereas, the quantity of DMAC leaving
the process for each cycle is relatively small, ehrerall DMAC flow in the process is that all
DMAC consumed for the production of the fibresmbitely is released to the environment, ends up
in the fibres (and from the fibres to the enviromtyer is disposed of as waste as described further
in section 2.2.7.

2.2.4 Residues in fibres and textiles

According to information from a producer of theréb, the residual DMAC in the fibres is typically
between 0.1 and 0.5% although there are reporp td 3% as an impurity in the raw fibre. One of
the MSDSs report a range of up to 10%, althougleléethis high are not thought to occur in
practice (it is assumed to be a generic/standatde®ge).

Examples of residual content of DMAC in fibres acling the MSDSs of the fibres are shown in
Table 2.3.

During the downstream processing of the fibre,desi DMAC may be volatized and exhausted by
the air handling system or washed off during wetpssing steps.

Whereas the concentration in the fibres is low,ttital quantities involved may be significant. If
500,000 tonnes of fibres are produced per yeatladverage residual content is 0.3%, in total the
fibores would contain 1,500 tonnes DMAC. This estenas quite well in accordance with
information from producers of fibres indicating tha significant amount of the DMAC used
ultimately ends up in the fibres.

According to the OECD SIDS (2001), textile articlesy contain up to 30% elastanes (e.g.
Spandex). These textiles are subjected to a hottwatment during production, e.g. dyeing or
bleaching. This reduces the residual DMAC conterftdlow 0.001%. For consumers, the residual
amount does not represent a risk (OECD. 2001).

This information has been confirmed by informatmovided by producers for this study.
One producer of fibres reports the following reaidtoncentrations:

* Raw fibre: typically 0.1-0.5%; a few grades mayteamup to 2%

* Greige fabric (first stage of fabric productiongldw 0.1%

» After further hot and/or wet processing steps: Wwedo05%.

* Baby diapers containing the fibres: non detectable

Another producer of fibres reports that the produftleres contain 0.1-2% (w/w) as residue. Tests
show that after the subsequent dyeing process,riakéa by companies at the next stage in the
supply chain, the residual amount of DMAC will beduced to less than 0.1% (w/w). For the
specific company, 95% of the produced fibres welsequently dyed. No data have been provided
to illustrate the extent to which the DMAC is reded to the air or released to water by the dyeing
process. For the remaining 5% of the supplied $ibsehich are not dyed, washing tests done
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according to DIN EN 1SO 6330 in a Washcator at gd&&ads to the result that under the washing
conditions, used in the domestic home (40°C), mease of the residual DMAC is expected. The
company reached the conclusion that that the rakldMAC is fixed in the fibres and under usual
conditions of washing and cleaning in domestic bbo&ls, there is no release of DMAC. Data on
DMAC in the final textile is not reported, and amet explanation could be that the DMAC is
released to the air from the processing of theefilinto fabric/textiles as demonstrated by other
producers of textiles.

A producer of textiles has undertaken measurenterdstect the concentration of the substance in
the yarn during the different production steps,dmutld not detect the substance, either in theygrei
fabric after knitting or at the end of the procafier dyeing and washing.

For technical applications, the fibres are typicallocessed into a kind of fabric. The MSDS for the
fabrics (surface tissue or needle felt) indicateat the fabric contains residual DMAC at the same
levels as reported for the fibres, as indicatetthétable below.

Table 2.3 Examples of residual content of DMAC itibres and textiles according to MSDSs

Name of product Type of product | Percentage Website (assessed June 2011)
DMAC in product

D7760 and D7780 | Surface tissue in | <0.7% (as residual | http://www.lantor.nl/files_cms/bestand/73151.pdf
FRP-applications | solvent
(Fibre reinforced
plastics) of
polyacrylonitrile

Leacril Acrylic fibre for >0.7% http://www.mef.it/en/acrilico/AcrilicoSchede%20Si
textile use curezzalnglese.htm

Nomex® Fibers Meta -aramid 1-3% http://www.minifibers.com/MSDS/MSDS_Nomex
fibres pdf

Nomex® paper and | Paper of meta- 0.1-0.5% http://www.mueller-

presshoard aramid fibres ahlhorn.com/fileadmin/Downloads/public/en/Materi

al%20data%20sheets%200W/Electrical%20insulati
on%?20materials/Nomex%C2%AE/Nomex_MSDS$.

pdf
Sontara Spunlaced | Meta-aramid 0-10% http://www.conservationresources.com.au/html/ho
fabrics fibres me/help_info/downloads/Sontara_MSDS.pdf
Fiberglass/Meta- Needle felt <3% http://www.bgf.com/MSDSpdfitm01&tp

aramid nonwoven

2.2.5 Processes involved in the processing and reprocessiof fibres

Residual DMAC can evaporate during the first stagkshe processing of the fibres, such as
transfer and filling operations, rewinding and besgnspinning of yearn, and knitting/weaving.

Reprocessing of fibre transfer and filling operasias described by one producer as opening of the
carton boxes, manual stocking operations and mamaste run operations.

By the rewinding the fibre is unwound from the bipisbon which it is provided from the fibre
producer. By the beaming, the warp yarns is windatb a beam usually in preparation for
slashing, weaving, or warp knitting. The procesal$® called warping. After this step the fabric is
typically produced by weaving or knitting.
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The processes are open processes where the famres/sre processed on large machinery. The
DMAC evaporates from the yarns into the rooms andhen mainly removed by the exhaust/
ventilation air and released to the environment.

As indicated above, the greige fabric contains DMikGoncentrations below 0.1%. The further
processing steps include wet processes wherelthie fa dyed and/or washed. After these steps the
concentration is typically below 0.05-0.1%.

A specific process reported by producers of fibeesl reported in the questionnaires is the
reprocessing of yarn which is returned on beams fooistomers or waste from the production.
Residual DMAC in these yarns would typically beeeded to the air.

2.2.6 Service life of final products

As described above, the residual content of DMAGChia final textile product is reported to be
below the detection limit.

The market actors have been requested to providemation on any applications where the fibres
are used by consumers without prior further prdogssteps, and consequently where the
consumers could be exposed to residual DMAC. It maisbeen possible to identify any such
applications, but it cannot be excluded that isesxi

2.2.7 Quantities involved

According to data from manufacturers and importdr®MAC, representing 98% of the market,
use as a solvent in fibre processing is the setagést application area and account for 25-30% of
the current use of DMAC in the EU. The total quiesi involved are in the range of 3,000-6,000
tonnes. The recycling efficiency for the DMAC udaedhe fibre manufacturing is about 99%, i.e.
the DMAC is reused more than 99 times for diss@\time polymers used for the spinning.

In 1997, 429,000 tonnes of fibres were producedissy of DMAC in the EU, as reported by the
OECD (2001). No data on the actual volumes of fim@duction in the EU involving DMAC as a
solvent have been available.

The use of DMAC for the fibre production does net@ssary follow the volume of produced fibres
as the total consumption is very dependent on elegcting efficiency which has increased over
time.

The available information indicates that that tlse wf DMAC may be reduced by reducing the
residual content of the fibres, whereas the quastif fiores produced by the use of DMAC seem
to be stagnant.

2.3 Use #2 — Use as a solvent and intermediate in prodtion of pharmaceuticals,
agrochemicals and fine chemicals

2.3.1 Function of the substance

The major use of DMAC in the EU is as a procesyestl in the synthesis of fine chemicals,
agrochemicals and pharmaceuticals.
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DMAC is a dipolar, aprotic solvent with high solgirpower for high molecular-weight polymers
(aprotic = cannot donate hydrogen). The solvemt loe used for a wide range of organic and
inorganic compounds and is miscible in water, ethesters, ketones and aromatic compounds
(Taminco, 2011). The polar nature of DMAC enabtet®iact as a combined solvent and reaction
catalyst in many reactions (Taminco, 2011).

DMAC has properties quite similar to N-methyl pyione (NMP) and can be considered a
‘direct’ alternative to this solvent; and visa v&r3he properties of NMP have been described in the
stakeholder consultation for NMP in May 2011 (ECI2Q11a).

The physical properties of these dipolar, aprativents that make them an attractive choice from a
chemistry perspective in the synthesis of Activargtaceutical Ingredients (API) include:

* Generally high solubility of many APIs and intermegds, which often have very poor
solubility in less polar solvents. This facilitai@®cesses that require minimal solvent
guantities, compared with the much larger volunfestloer solvents that may be required.

» Offers sufficient solubility of many inorganic reags (e.g. acids and bases) that facilitates
chemical reactions that would not be practicableobust in many other organic solvents.

» Reaction rates of certain reactions (e.g. nucldmpdubstitution) are substantially enhanced
due to the solvent polarity.

* The use of these solvents can be essential (dheitarelatively low acidity) when strong
bases are employed as these materials would belewiypconsumed by side reactions if
protic solvents were used (Protic = has a hydr@jem bound to an oxygen).

* Water miscibility — for example facilitating predgtion, and subsequent isolation, of
products from reaction liquors through the addiwdnvater as an anti-solvent.

» High boiling points. The boiling point of DMAC of66°C is lower that the boiling point of
NMP (202°C) but still allows reactions to be cadraut at much higher temperatures than
would be achievable in many organic solvents, withthe need to operate under pressure
(often not operationally feasible in typical phaceatical reactors, and inherently of greater
operational hazard). An additional benefit is titiat potential for solvent emissions
associated with processing is less than those iassdevith many other solvents.

DMAC is reported to be used as intermediate fottssis of some chemicals, but no details about
this use have been obtained.

DMAC is to some extent used as excipient (carriegredient) in human and veterinary
pharmaceuticals due to its polar, aprotic charesties.

2.3.2 Applications

Within the sector of agrochemicals, DMAC is usedha production of pesticides, fertilizers, and
other agricultural chemicals. More detailed infotima has on the use has been requested from
industry, but not been obtained.

Within the pharmaceutical sector DMAC is used a®laent and as a reagent (intermediate) in the
production of various pharmaceuticals (Taminco,1301 is reported to be used as a solvent in the
production process of antibiotics like cephalosp®risuch as cefadroxil, cefalexin and cefradine)
and as a solvent in the production of novel cohtraedia (Taminco, 2011).
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As further discussed in section 2.3.2.2, DMAC isedusas a carrier ingredient is some
pharmaceuticals and veterinary agents.

2.3.2.1 Sectors of use and description of supply chain

According to the lead registrant, DMAC is used gg@cess solvent by most major manufacturers
of fine chemicals, agrochemicals and pharmacesti@s the solvent is in general not included in
mixtures the supply chain has one stage only. Aompart is used as an intermediate in the same
sectors.

Table 2.4 Supply chain of DMAC used as solvent imanufacturing of agrochemicals,
pharmaceuticals and fine chemicals.

Stage| Supply chain stage Sector Number Spatial Remark
of distribution
companies
(total)

1 Production of Agrochemical 100-1000 | Even across Europe

agrochemicals, industry, (estimated)
pharmaceuticals and fine | pharmaceutical
chemicals industry (human and

veterinary), fine

chemicals industry,

industry

2.3.2.2 Use in mixtures

As mentioned above, DMAC appears in general todsxlas a solvent in the processes and not
included in mixtures.

Product summaries indicate that DMAC is used axaipient (carrier ingredient) of different

human and veterinary pharmaceuticals. The condentraf DMAC is not indicated. A search on
products summaries in Denmark revealed that DMAdisted as an excipient in a number of
pharmaceuticals including Selsun dandruff shampabBusilvex® cytocide. Examples of DMAC in

veterinary products include Florkem and Alamyciol®ngatum veterinary injection fluids. A search
on the UK reviews in the electronic Medicines Conghem (eMC), which contains information about
UK licensed medicines, gave two search results: idimes and Busilvex® (ECM, 2011).The result
indicates that DMAC is used as an expedient in qoimaemaceuticals, but the use is not widespread.

2.3.2.3 Processes involved

According to the respondents to the questionndfre, processes involved are covered in the
companies’ registration dossiers and include sprpy(trans)-pouring from containers, mixing,
equipment clean-downs and disposal.

For the production of agrochemicals it is reportieat the substance is only handled as a solvent,
i.e. in liquid phase. The substance is mixed with teactants and at the end of the reaction
separated from the products by different meansfiltetion or distillation. Solvent for re-use is
always purified by distillation prior to re-use.
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The processes have not been investigated in aay ttetthe purposes of the current assessment.

2.3.3 Quantities involved

Production of agrochemicals, pharmaceuticals amel ¢hemicals is the major application area for
DMAC. According to information obtained from produs and importers of the substance
representing 98% of the market, this applicaticgaaepresents approximately 65-70% of the total
consumption, corresponding to a total consumptiaihé range of 7,000-13,000 tonnes.

A detailed breakdown of the total volume on the usdlifferent sectors has not been made
available by all manufacturers/importers, but basedhe most detailed questionnaire responses it
is roughly estimated that the majority is usedhea agrochemical and the pharmaceutical sectors,
with the pharmaceutical sector accounting of mbaa thalf of the total.

As consequence of the classification of DMAC (toxac reproduction, category 1B), existing
regulation under the Solvent Emissions DirectiveréEtive 1999/13/EC as amended by Directive
2004/42/EC) means that use of DMAC within pharm#calimanufacturing is restricted to those
applications where there is no feasible alternative

2.4 Use #3 — Use as a solvent in enamels and other cogs

2.4.1 Function of the substance

DMAC is used in solvents for some types of coatings

2.4.2 Applications

According to the lead registrant for DMAC, the usieDMAC in coatings is restricted to the
industrial sector. DMAC is not present in painttrer coatings for consumer use.

The only identified use of DMAC in coatings in tB®J is the use of the substance as solvent in
polyamide-imide (PAI) enamels (varnishes) usedefectrical wire insulation. One manufacturer of
DMAC has furthermore indicated that DMAC is used $ome coatings, but detailed information
on the uses has not been provided. It has not pessible to identify any MSDSs for coatings
containing DMAC.

For PAI enamels, the polymer content is typicalB2@ with the polymer dissolved in various
solvents. The average concentration of the DMAQh@ PAI enamels is 10%. PAI is a high
strength plastic with the highest strength andrgds of any thermoplastic up to 275°C (based on a
guestionnaire response). PEIl-based enamel is ortheomost important insulating enamels in
electrical engineering and widely used for enanoelsvires used for producing of electrical parts
such as electrical motors, transformers, altersatetc. These electrical parts are used for a wide
range of applications in vehicles, electrical agpbes, electrical tools, etc. Wires with PAI enamel
are suitable for use in applications up to 220°C.

Unlike the use of DMAC in fibres and some type ibh§, the DMAC is not present as residues in
the coated wires as further described below.
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2.4.2.1 Sectors of use and description of supply chain

The DMAC is used for the formulation of PAI enamdBnd probably other coatings) by
formulators within the paint and coating industry.

PAI enamels where DMAC is used as solvent are bgedroducers of insulated wires. Further
downstream in the supply chain of the coated wiress DMAC is not present at measurable
concentrations.

The supply chain for PAI enamels is shown on théetaelow.

Table 2.5 Supply chain of DMAC used for PAI enamelfor wire insulation

Stage in supply chain Sector Number of | Remark
companies
1 Formulation of PAl enamels  Paint and coatingsistiy | 1-10

SU10: Formulation [mixing]
of preparations and/or re-
packaging (excluding alloys

2 Application of PAlI enamel | Electro technical industry | 11-100 The applied enamels contain on
on electrical wire: insulating i average 10% DMAC as a solvent
SU16: Manufacture of

film formation in oven computer, electronic and
optical products, electrical
equipment

SU3: Industrial uses: Uses of
substances as such or in
preparations* at industrial

sites
3 Automotive industry Electro technical industry, | 101-1000 DMAC is not present in the
equipment suppliers automotive industry insulated wires at measurable
(alternators), electrical concentration

motors producers for various
applications, electrical
transformer producers

Not considered here a part pf
the supply chain of DMAC

2.4.2.2 Use in mixtures

As regards the use in coatings, DMAC is formulated coating products by coating producers.
These mixtures are reported to be used in the irndusector only.

In polyamide-imide (PAI) enamels used for eleclrivae insulation, the average concentration of
the DMAC in the enamels is 10%.

2.4.2.3 Processes involved
The key processes involved include coatings fortrarlaand coatings application.

Formulation of coating
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Coating formulation will typically involve stagesich as bulk transfer of the substance (e.g. from
IBCs, tanker or drums, though sometimes in closgelipes); mixing, which may be in open
systems; and filling of paint/enamel into drums&an

The following processes have been reported fofdimeulation of coatings containing DMAC.
Road tanker unloading into a storage tank*
Storage*
Transfer by pump to reactor*
Sampling
Transfer to blender*
Filtration
Packaging
The processes indicated with (*) are in closeduiineith no exposure to personnel.
Application of coating

The application of PAI enamel on electrical wirevalves insulating film formation in an
enamelling oven equipped with VOC (Volatile Orga@arbon) catalytic oxydization devices.
According to producers, due to the elevated tentpers by the processing, DMAC is not present
in measurable quantities in the final wire coatamgl DMAC emissions from the enamelled wire
cannot be detected.

Concerning the use of DMAC in coatings the “Infotroa on Registered Substances” at ECHA’s
website indicates the following processes for hygiaation of DMAC in coatings:

Industrial spraying

Transfer of substance or mixtures (charging/disging) from to vessels/large containers at
dedicated (and non-dedicated) facilities; Indubsw&ting

Roller application or brushing

Treatment of articles by dipping and pouring

2.4.2.4 Use in articles

DMAC is not assumed to be present in enamelledlesti as it is used as a solvent in coatings
applied at elevated temperatures, meaning thaDMAC evaporates following application of the
coating.

2.4.3 Quantities involved

The use of DMAC as solvent in coatings is estimabegiccount for 2-5% of the total use of DMAC
in the EU, corresponding to 100-1,000 tonnes.

It appears that the used DMAC is nearly 100% dgsttdby the treatment of off-gas from the
applications.
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According to the available information, the quantised is increasing.

2.5 Use #4 — Use as a solvent in production of films

2.5.1 Function of the substance

DMAC is a good solvent for polyimide resins usediim production (Taminco, 2011). It is also
reportedly the ideal solvent for the productiondiflyser membranes, based on polysulphones
(Taminco, 2011).

Films of meta-aramide are reported in the litetlut no actual uses of meta-aramide films have
been identified during the course of the presemyais (paper of meta-aramide is described in
section 2.2).

Similarly with the textile fibres, residual DMACdm the production of the films is present in the
films used by downstream users.

2.5.2 Applications

2.5.2.1 Sectors of use and description of supply chain

Polyimide films are produced by companies withie folymer industry. No actual production
within the EU has been identified.

Imported polyimide films are used for a varietyapiplications due to their unique combination of
electrical, thermal, chemical and mechanical prijgerthat withstand extreme temperature,
vibration and other demanding environments. Polgemiiims are used in a range of industries
including consumer electronics, solar photovoltamd wind energy, aerospace, automotive and
industrial applications (Dupont, 2011a). Examplésapplications include substrates for flexible

printed circuits, transformer and capacitor insatatand bar code labels, wire and cable tapes,
formed coil insulation, motor slot liners, magneteninsulation.

Polyimide track-etched membranes are used for thgecton of microorganisms in the
pharmaceutical, cosmetic, and food industries.

Dialyser membranes based on polysulphones areingbed medical sector. Though no actual use
of DMAC for the production of polysulphones hashedentified in this study.

One producer of DMAC has indicated that the sulegtas used for polymer production, but it was
not possible to obtain further details on the ughiwthe timeframe of this study.
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Table 2.6 Supply chain of DMAC used for films

Stage in supply chain Sector Number of | Remark
companies
1 Production of polyimide and Plastics industry no data

polysulphone films

2 Use of polyimide films for | Producers of electrical and | 101-1000 Residual DMAC in the films

production of components | electronic components (estimated) | used at this stage is reported to|be
<1l%
3 Production of electrical and| Producers of electrical and | > 1000 Residual DMAC in the film at
electronic equipment electronic equipment (estimated) | this stage is expected to be belgw

the detection limit of the applied
analysis methods

2.5.2.2 Service life of produced articles

According to a producer of films, DMAC is a resitluaintended impurity from the production of
film articles (films which are produced outsidetioé EU).

According to the MSDSs of polyimide film and memes, the residual content of DMAC in the
films is <1%.

Similarly to the textile fibres, it is expected thhe residual DMAC will be released further down
the supply chain or (applying for the case of ilrad) from the finished electronic equipment.

More information on the fate of the DMAC furtherwdo the supply chain has been requested from
a major producer of films, but no data have bedainéd.

Table 2.7 Examples of residual content of DMAC itilms according to MSDSs

Name of product Type of Percentage DMAC | Website (assessed June 2011)
product in product
It4ip "™ polyimide Porous film <1% http://www.it4ip.be/uploads/images/PDF/MSDS_pPO
track-etched 2%20MSDS%20P1%20MEMBRANE%20v02.pdf
membrane
Kapton™ Polyamide <1% http://msds.dupont.com/msds/pdfs/EN/PEN_09004
films a2f800897ec.pdf
ipPORE™ Porous < 1% http://www.it4ip.be/uploads/images/PDF/MSDS_[0
polyimide 2%20MSDS%20P1%20MEMBRANE%20v02.pdf
track-etched
membrane

2.5.3 Quantities involved

The reported consumption of DMAC for polymers (agaom textiles) is <1% of the total EU
consumption, corresponding to 10-100 tonnes per.y€he data does allow for a detailed
breakdown of application areas.

DMAC will be present in imported films, but no data total quantities of DMAC in imported
films have been reported by importers.

No data on the trends in DMAC use for this appiaatrea has been obtained.
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2.6 Use # 5 — Use as a solvent in paint strippers

2.6.1 Function of the substance

DMAC is a powerful solvent and is used in mixtueggplied for removal of paint. The function of
DMAC is to dissolve cured paint and varnishes.

2.6.2 Applications

DMAC is used in cleaning products (paint strippargaint removers) for dissolvation and removal
of paint. The substance is used in the cleaningtage conjunction with other solvents.

The paint strippers identified are mainly usedidustrial settings.

2.6.2.1 Sectors of use and description of supply chain

The paint strippers are formulated and marketeddmpanies specialised in cleaning products for
the industrial and commercial sectors.

The products are marketed together with other prisdfor cleaning in various industrial sectors,
and it is expected that the main end-use sectoretsl industry; the products may also be used in
other industrial sectors.

Table 2.8 Supply chain of DMAC used for PAI enamealfor wire insulation

Stage in supply chain Sector Number of | Remark
companies
1 Formulation of paint Cleaning products for the | 1-100
strippers industrial & commercial
sectors

SU10: Formulation [mixing]
of preparations and/or re-
packaging (excluding alloys

2 Application of the paint Metal industry (main sector) no data The applied paint stripper contain
stripper for removal of paint typically 1-5% DMAC as a
and varnish solvent

SU3: Industrial uses: Uses of
substances as such or in
preparations at industrial
sites

Companies specialized in
paint stripping

2.6.2.2 Use in mixtures

In regard to the use for dissolving paint, DMACfsmulated into paint stripper products by
producers of cleaning products for the industredter. According to information from Material
Safety Data Sheets (MSDSSs), the concentrationarptbducts is in the range of 0.1-2.5% for one
product and 1-5% for two other products. Exampfggroducts on the German market are shown in
the table below.
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The substance is used in combination with otheresé such as dichloromethane (CAS-No 75-09-
2) and light aromatic naphtha (CAS-No. 64742-959)e main solvent in the paint strippers is
dichloromethane, accounting for more than 50% efftiimulations.

Table 2.9 Examples of paint strippers with DMAC

Name of product Application Percentage DMAC in Website (assessed June 2011)
product
Leyco-strip 2 Paint stripper 0.1-2.5% http://www.zetolan.com/England/Safety%2Qd
ata%?20sheets/LEYCO-STRIP%202.PDF
Sinco Stripper Paint stripper >1-<5% http://www.singoli.de/downloads/sinco-
(cold stripper-sdb.pdf
conditions)
ABF flussig Paint stripper >21-<5% http://www.nita-
(cold vertrieb.de/images/produkte/abbeizer/abf_flue
conditions) ssig_sicherheitsdatenblatt.pdf

2.6.2.3 Processes involved

The key processes involved include paint strippegmtlation and the application of the paint
strippers.

This formulation of paint strippers and the apglma of DMAC in paint strippers are not covered
by any of the CRSs prepared by manufacturers ooiteps of DMAC.

Formulation of the paint stripper

Formulation of cleaning products of this type wviypically involve similar stages as used for the
formulation of paint, such as bulk transfer of substance (e.g. from IBCs, tanker or drums, though
sometimes in closed pipelines); mixing, which mayib open systems; and filling of the cleaning
agent into drums/cans.

The following processes are expected based oniexgerwith similar processes:
* Unloading into a storage tank
» Storage
» Transfer by pump to reactor
* Sampling
» Transfer to blender
» Packaging

Application of paint strippers
The identified paint strippers are basically applie two different ways.

One type of paint stripper is reported to be usedipping baths at temperatures of around 20 °C
(Leyco, 2011; Nita-Vertrieb, 2011). Iron parts withred paint and varnish are put into a basket and
submerged into the bath in order to dissolve thetma varnish. The dipping baths indicated in the
technical data sheet for the product are open baties time taken to remove the surface coating
depends upon the type of varnish, its strengthtbedemperature of the dip. The burning coating
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materials become detached, splinter or float frbenrhetal. It is recommended by the supplier that
a false floor be built in the reservoir, so tha¢ tharnish residue can be removed occasionally
without having to remove the liquid. After cleanjqmarts are removed from the dip; they should be
thoroughly hosed down with clean water (Leyco, 2011

Another type of paint stripper is sold in smalleragtities and is indicated to be applied by hand
with a brush or bristle on the item and the pamaiterwards removed with a scraper (Singoli,
2011). The product is marketed for professionataise

According to Commission Regulation No 276/2010 afNarch 2010, paint strippers containing
dichloromethane in a concentration equal to ortgrehan 0.1 % by weight shall not be placed on
the market for supply to the general public or tofgssionals after 6 December 2011 and not be
used by professionals after 6 June 2012. By waylaybgation from the general restriction,
Member States may allow on their territories and dertain activities the use, by specifically
trained professionals, of paint strippers contajnilichloromethane and may allow the placing on
the market of such paint strippers for supply tosth professionals. It has not been investigated
whether the paint strippers with DMAC would be usedapplications that would be allowed by
some Member States.

2.6.3 Quantities involved

No information on DMAC quantities used for paintgpers has been obtained from manufacturers
and importers, indicating that the total quantitresolved are small. Information has been requested
from formulators of paint strippers, but no quatiite information was obtained within the
timeframe of this study.

2.7 Use # 6 — Use as a solvent in ink removers

2.7.1 Function of the substance

DMAC is used as solvent to stabilise the erasiraperty of erasing liquid. The erasing liquid is
contained in ink removers, which are applied viegasing pen.

2.7.2 Applications

2.7.2.1 Sectors of use and description of supply chain

The erasing pens are expected to be used in oigdy the general public.

2.7.2.2 Use in mixtures

It is indicated, by one market actor, that the om&tused in the erasing pens is produced in Europe
and then exported outside Europe to be filled thi® pens. The pens containing the mixture are
afterwards imported into the EU. Information on tleemulation of the mixture has not been
obtained. Some info on the concentration of DMA(Gisvided in the confidential annex of this
report.
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2.7.2.3 Processes involved
No data have been available on the formulationgssdor the mixture for the pen.

The pen is used by applying the mixture on thetmlbe erased. It is expected that the DMAC
evaporates following application.

2.7.2.4 Use in articles

The DMAC is present in a mixture inserted in arsarg pen used for removal of ink.

2.7.3 Quantities involved

The total quantities of DMAC are reported by onenpany importing the article to be < 0.01
tonnes, but similar products could likely be impdrty other companies for similar applications.
The total imported quantity is roughly estimated&o<1 tonne.

The company which has reported the import of the ipdicated that the provider of the pens has
been asked to identify an alternative and thatrtiport will cease by mid 2012.

2.8 Other uses

2.8.1 Use in laboratories

According to market information obtained from maauifirers and importers, the use of the
substance in laboratories appears to be in theerahg0-1,000 tonnes per year.

This use has not been investigated further andpegific information has been received from
industry on this use.

2.8.2 Petrochemical applications

One manufacturer of DMAC has indicated that a semalbunt of DMAC is used for petrochemical
applications. Further information on the use hasnbeequested, but data has not been obtained
within the timeframe of this study.

2.8.3 Cellulose fibres

According to one manufacturer’s technical data sreenixture of DMAC with lithium chloride is
a useful solvent for cellulose fibres in severaplegations (Taminco, 2011). No actual use of
DMAC for this application in the EU has been id&ad.

2.8.4 Other uses in mixtures

According to information from Member States (AnriBx DMAC has, apart from uses mentioned
elsewhere, been registered in the Nordic produgsters in sealants (Finland), putty (Sweden) and
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adhesives (Finland). According to the online dasabaf the Nordic product registers, SPIN, in
2010 a total of 0.2 tonnes DMAC was registereddnriixtures in the category “adhesives, binding
agents” in Finland. No quantitative data was awdédrom the other countries (Denmark, Sweden
and Norway).

One manufacturer indicates on its website that DMA&Y be used as a “booster solvent in coating
and adhesive formulations”.

These uses have not been confirmed by informatibairmed from stakeholders.

Through a search for MSDSs via the Internet, on®Bl$or an adhesive marketed in the USA was
identified (see the table below). No indicationaatual marketing of this product in the EU has
been obtained.

Table 2.10 Example of other uses of DMAC in mixtugs according to MSDSs

Name of product Application Percentage DMAC in Website (assessed June 2011)
product
TRANSILON K14 Adhesive 25-10 http://www.forbo-
cement siegling.com/us/pages/information/download/f
ms071903_materialsafetydatasheet_transilon-
cement-k14_en.pdf

2.9 Conclusions on the uses of DMAC

The main application area for DMAC, representing/65% of the total consumption in the EU, is

the use of the substance as solvent and intermeedimtthe production of agrochemicals,

pharmaceuticals and fine chemicals. DMAC is usedhi& syntheses of many chemicals and
pharmaceuticals and according to the lead registoa®MAC the substance is used by most major
producers within these sectors.

The second largest application area, represents®§02% of the total EU consumption is as
spinning solvent in the production of fibres of ieais polymers including acrylic, polyurethane-
polyurea copolymer and meta-aramid. The major apptn areas for the fibres are clothing, but
the fibres are to some extent also used for teahméxtiles e.g. for reinforcement of composite
plastic materials. The fibres produced containduei amounts of DMAC of up to 3% which is
apparently released by the subsequent processpg. st

DMAC is also used as a solvent for production th$i of polyimide and possibly other resins
representing <2% of the total consumption. The ipalje films are used in a range of industries
including consumer electronics, solar photovoltamd wind energy, aerospace, automotive and
industrial applications. Like the use in productiohfibres, the films contain residual DMAC,
typically in concentrations of <1%. The DMAC will amly be released by the subsequent
processing steps, but may also to some extentgmndthe final articles.

Approximately 3-5% of the DMAC is used as solvamtcbatings for industrial use. The only use
which has been described in detail is the use @fstibstance in polyamide-imide (PAI) enamels
(varnishes) used for electrical wire insulationt manufacturers of DMAC have indicated that the
substances is used for other coatings as well. OMAC in the PAI enamels is anticipated to be
destroyed during the application of the enameddeatated temperatures, in industrial settings.
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Minor uses of DMAC identified by the study are thige of the substance in paint strippers, ink
removers, as laboratory chemical, and use in th®g®emical industry. In total these applications
account for less than 2% of the total consumption.
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3 RELEASES FROM USES

3.1 Occupational releases and exposure

3.1.1 Overview

3.1.1.1 Data availability

The exposure assessment described in this sedtitre aeport and in the confidential annex is
largely based on the information provided in theR8Sin confidential annex), questionnaires to
manufacturers and users, some information from Sbeeening Information Data Set (SIDS)

Dossier (OECD; EC 2001), and a small number of iphbl studies of workplace exposure that
were identified through a search of PubMed — a celmgmsive database of the medical literature
that is maintained by the US National Library of ditene. Some additional modelling using the

Advanced REACH Tool was undertaken as part of dissessment in order to provide exposure
estimates for uses not covered in the CSRs.

Exposure scenarios

Exposure assessments have been undertaken foranamafand for the following uses identified
in section 2.1 of this report above:

e Formulation in mixtures
* Use as an intermediate in the industrial productibchemicals
* Process solvent in the production of agrochemigddarmaceuticals and fine chemicals;

* Process solvent for spinning of fibres of variootymers including acrylic, polyurethane-
polyurea copolymer (Elastane, Spandex) and polyienylene isophthalamide) (PMIA,
meta-aramid);

* Process solvent in the production of polyimide palysulphone films;

* Solvent in coatings e.g. polyamide-imide (PAI) meds (varnishes) used for electrical wire
insulation;

* Solvent in paint removers (paint strippers) andragrkovers;
» Excipient (carrier ingredient) in human and vetarinpharmaceuticals;
» Laboratory uses.

The uses described in most of the CSRs are higieric and some of the registered uses cover
more than one of the more specific uses identifiedve. Most of the uses and assessments are
common to more than one of the CSRs, but theres@ree differences in the recommended Risk
Management Measures RMMs and exposure estimatesrgbef these generic uses encompass a
range of different degrees of process enclosureaatmmation and scale of process giving rise to
potentially very different levels of exposure angifrom individual categories of use. The
registered uses are shown in the confidential annex
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3.1.1.2 Exposure Limits

The EU has derived Indicative Occupational Expodungit (OEL) Values (IOELVs) of 10 ppm
(36 mg/n) as an 8 hour Time Weighted Average (TWA) and g {72 mg/m) as a short term
(15 minute) average. The IOELV (which are intentkegrotect workers from the development of
respiratory irritation) has been adopted by most leémber states, but France has set OELs at
lower levels: 2 ppm as an 8 hour TWA and 10 ppra &5 minute average. The IOELV equates to
an approximate inhaled intake of 360 mg over aro@r Ishift or 5.14 mg/kg/day. There are no
dermal exposure standards but a Biological Expodndex (BEI) has been derived by the
American Conference of Governmental Industrial lyggts (ACGIH) and adopted by the German
authorities. The BEI provides a measure of totadtesyic exposure (combining dermal and
inhalation exposure) and is based on measuremehedMAC metabolite monomethylacetamide
(MMAC) in urine in end of shift samples. The BEI2) mg MMMCc/g creatinine is believed to be
equivalent to inhalation exposure to 10 ppm.

Note: Comparisons of available exposure data WithIOELV (used as a reference point) in the
current Annex XV report intend to give an indicatiof the magnitude of exposure associated with
the different uses and do not comprise any assegsaiethe risk related to the toxicity for
reproduction of DMAC.

3.1.2 Formulation of mixtures

3.1.2.1 Operational conditions and existing risk managemenineasures

The following processes are identified for the o§dDMAC for formulation of mixtures in the
“Information on Registered Substances” at ECHA ' bsite:

PROC 5: Manufacture or formulation of chemical prcis or articles using technologies related to
mixing and blending of solid or liquid materialsy\dawhere the process is in stages and provides the
opportunity for significant contact at any stage.

* PROC 8a: Transfer of substance or preparation gogdischarging) from/to vessels/large
containers at non dedicated facilities; Indussetting.

 PROC 8b: Transfer of substance or preparation gomgidischarging) from/to vessels/large
containers at dedicated facilities; Industrialisett

Information related to the exposure scenarios @gesl by registrants, including RMM, is provided
in the confidential annex of the report.

3.1.2.2 Releases of the substance from formulation of mixtes

Releases of the substance from formulation of megw@nd occupational exposure are described in
the confidential annex.

A small quantity of older data describing the expesof European workers exposed to DMAC
during the formulation of mixtures for use in thamamade fibres industry is provided in the SIDS
dossier (as set out in the table below), but thevaemce of these data to current exposure in the EU
is uncertain. These limited data suggest that itpassible that some inhalation exposure
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concentrations during formulation may exceed wakpl exposure limits. No information is
provided about whether LEV or other protective nueas were in force.

Table 3.1 Exposure to DMAC(OECD, 2001)

Data source Activity Shift mean Shift mean Dermal dose
inhalation inhalation mg/day
Soncentratlon - ‘(‘:qncentra},tlon — | Assumes no
central high end d |
tendency” mg/n? | mg/m® erma.
protection
Monsanto Pigment operators| 9.30 51.35 1300-3900
Batch 9.30 51.35 1300-3900
operators/sampling

3.1.3 Use #1 - Use as a solvent in man-made fibre prodian

3.1.3.1 Operational conditions of use and existing risk maagement measures

DMAC is used in the spinning of polymers includiagrylic, polyurethane-polyurea copolymer
(Elastane, Spandex) and poly(m-phenylene isophthidé (PMIA, meta-aramid). Further details
on operational conditions are provided in the atgritial annex.

Exposure to DMAC may occur during its use as aesahduring fibre production or during the
further processing of fibres to form textiles. kdéion to these two scenarios, exposure to DMAC
is theoretically possible during the further prageg of textiles containing residual DMAC to
create garments or other textile based articles.

Information about exposure during the productiod ase of fibres is available from questionnaire
responses.

Fibre production

The production of the polymer solution and fibrengmg is generally undertaken in closed systems
and LEV is employed where emissions of DMAC arelljk Workers are generally required to wear
appropriate gloves, protective clothing, eye pricdec and respiratory protection where direct
contact with DMAC is possible. Employers may taka#ditional precautions to minimise the
exposure of pregnant women, including temporaryngkaof workplace. Air and biological
monitoring can provide important information abthe effectiveness of RMMs in order to ensure
that exposures are maintained at the lowest pedatédevels.

One questionnaire respondent used DMAC in fibrelpcton until 2009. The RMMs that were in
place are tabulated below:
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Table 3.2 RMMs in fibre production

Process RMMs

Dope Preparation | Closed system, enclosure of specific equipment pbesof LEV, use of gloves, and where
necessary RPE, during sampling or unusual procedure

Spinning LEV, use of covers and enclosing doors to isolageareas where DMAC vapours may be
emitted, requirement for gloves, RPE and protectiviefor workers starting up production

Solvent recovery Closed process undertaken in outdoor area. Uskeég and where necessary RPE, during
sampling maintenance or unusual procedures

Fibre re-processingfurther processing of fibres)

The residual DMAC in fibre prior to further process is small. One respondent to the
guestionnaire indicated that the DMAC content dfyaorylonitrile product is <2%. The RMMs in
place are similar to those involved in primary proiibn with both general ventilation being
employed at plant level and LEV in place at proessshere DMAC is likely to be emitted. Further
information is provided in the confidential annex.

Downstream use of textiles

Elastane (spandex) has been used to make a ratgdilef products like swimsuits, underwear and
socks for a very long time. It is also used in piheduction of absorbent hygiene products such as
baby diapers and incontinence products.

Respondents to the questionnaire indicate thatjtla@tities of residual DMAC present in fibres in
these products are very small. For example, theammar quantity present in diapers is reportedly
0.1 ppb (0.0000001%) compared with a theoreticabivcase estimate of 0.005%.

3.1.3.2 Releases of the substance
Fibre production
Information on DMAC measurements in the workplacpriovided in the confidential annex.

Air measurement and biological monitoring data enésd by respondents to the questionnaire
indicate that both exposure levels are well belbw tOELV or the equivalent level of total
exposure by combined routes as expressed in tdrthe 8iological Exposure Index.

There are also older published data that descrpeseire to DMAC during fibre production. In a
study of workers producing acrylic fibres, Perbmllet al (2003) reported that environmental
concentrations of DMAC were consistently less thah ppm. In a study of workers employed in
the production of spandex fibre and polyurethananaka et al. (2002) reported that median
exposure concentrations were less than 2 ppm,Heud@’ percentile was about 20 ppm with a
maximum measured concentration of 28 ppm. A USystifdworkers involved in acrylic fibre
production, Spies et al (1995) reported exposureeatrations of 1.9 ppm in workers identified as
having the greatest potential exposure compareld W& ppm for those that were not specifically
handling DMAC. Given that exposure concentratiansniost industries have greatly reduced over
the last 30 years (Creely et al, 2007), it is fkiat current exposures are generally lower than i
the early 1990s. The SIDS dossier indicates thathiNAmerican workers involved in spinning
acrylic fibre were exposed to concentrations of DM#f less than 5 ppm.
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The SIDS dossier contains a summary of workplageosxre data submitted by Monsanto and
DuPont on approximately 135 workers. It is statet preparation, drawing and drying of the tows
take place in closed or semi-closed units fittethwvair extraction equipment (see the table below).
The inhalation exposures were within the IOELV the estimates of dermal exposure are high in
relation to the inhaled intake that would be assed with the IOELV.

Table 3.3 Summary of workplace exposure data submied for the OECD SIDS by Monsanto
and DuPont (OECD, 2001)

Data source Activity Shift mean inhalation | Shift mean inhalation | Dermal dose mg/day
ey | coiconiaton =Mo" | nsumes no dermal
3 y 9 protection
mg/m
Monsanto Senior operators 7.02 35.53 650-1,960
Spinning 7.02 35.53 1,300-3,900
operators
Utility operators 7.02 35.53 1,300-3,900
Jet room 7.02 35.53 650-1,950
personnel
Dye room
personnel

In conclusion it seems likely that current inhalatexposures to DMAC during fibre production are
well within the IOELV and combined inhalation androhal exposures are likely to be well below
the intake associated with IOELV, provided thatrappiate PPE is employed.

Textile production using fibres produced using DMAC

Fibres produced using DMAC contain small quantitesresidual DMAC giving rise to the
potential for exposure during textiles productidiurther data are provided in the confidential
annex. Air monitoring data provided by respondeatthe questionnaire indicate that the levels of
DMAC that were present in workplace air were weithm the IOELV but they are not directly
informative as to workers’ personal inhalation exyre.

Biological monitoring provides a measure of combingtake of DMAC by dermal contact and
inhalation. Reported levels of the DMAC metabolM®Ac in urine are within the biological
exposure limit (30 mg/g creatinine, 1 mg/L is apgmuately equivalent to 1 mg/g creatinine).

Some limited older exposure measurements and desnage described in the SIDS dossier which
indicated that the proportion of DMAC remainingtire raw acrylic fibres delivered to downstream
users was <0.5% by weight. Measurements underiakixtile converters indicated that inhalation
exposures were within the IOELV. Exposure conceioina associated with working with a Ring
Spinning or Open-End Spinning system were repottede <0.1 ppm, and <5 ppm for tow
processing at the carding machines. The inhalagixposure associated with spinning elastane
containing DMAC was estimated using EASE as 1-3 [§pré-10.9 mg/kg/day). Dermal exposure
from hand contact with acrylic fibres containing B& was considered not to occur with dry skin.
For sweaty skin, the maximum daily potential expeswas estimated in the SIDS dossier as
approximately 0.01 mg/kg. In comparison the inhalede associated with 8 hours exposure to the
OEL is about 250 mg or 3.4 mg/kg/shift. The estedatirect dermal uptake during manual
operations with spools on which elastane is wowrdaining residual amounts of DMAC (0.1-3%
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by weight) over a period of 8 days was 0.0015 mgsweaty hands or 0.000025 mg/kg body
weight.

In conclusion, exposures during the further proogsef fibres containing small quantities of
residual DMAC may be higher than during primarydilproduction, but are still relatively low in
comparison to the intake associated with the IOELV.

Downstream use of textile

Elastane (spandex) is used to make a range ofetgxtducts like swimsuits, underwear and socks
for a very long time and also in the productiorabforbent hygiene products e.g. baby diapers and
incontinence products.

According to the OECD SIDS (2001) consumer exposureegligible, which is further supported
by migration tests with simulated sweating on texdrticles containing residual DMAC.

Respondents to the questionnaire indicate thatjtla@tities of residual DMAC present in fibres in
these products are very small. For example, theammar quantity present in diapers is reportedly
0.1 ppb (0.0000001%) compared with a theoreticabivcase estimate of 0.005%.

The extremely low DMAC content of textiles meanattbombined inhalation and dermal exposure
to DMAC during the downstream use of textile isi@pated to be <0.001 mg/kg/day.

3.1.4 Use #2 — Use as a solvent and intermediate in proction of pharmaceuticals,
agrochemicals and fine chemicals

3.1.4.1 Use as a solvent
Operational conditions of use and existing risk maagement measures

DMAC is used as a solvent in continuous or batabcgsses that may use either dedicated or
multipurpose equipment that may be either techlyicntrolled or manually operated. The uses
covered in this section include use as a solverarasid in chemical reactions and also as a
“solvent” in the applications of paints, lubricamtsmetal working fluids and anti-set off agents in

polymer moulding/casting. There is substantial atesh in the degree of process enclosure and
automation. The following processes are identifredhe “Information on Registered Substances”

at ECHA'’s website:

PROC 1: Use in closed process, no likelihood ofosxpe; Industrial setting.

PROC 2: Use in closed, continuous process with ssonal controlled exposure (e.g. sampling);
Industrial setting.

PROC 3: Use in closed batch process (synthesmrimulation); Industrial setting.
PROC 4: Use in batch and other process (synthebisie opportunity for exposure arises.

PROC 8a: Transfer of substance or preparation gaingdischarging) from/to vessels/large
containers at non dedicated facilities; Indussetting.

PROC 8b: Transfer of substance or preparation gamgidischarging) from/to vessels/large
containers at dedicated facilities; Industrialisgtt
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Releases of the substance
The exposure estimates provided in the CSRs arersimothe confidential annex.

One respondent to the questionnaire indicated tlmtDMAC was detected in 6 routine
measurements made in 1997 and 1998 during the uUE8VAC as a process solvent during
chemicals manufacture. The processes included dasllPROC 3, 4, 8a and 8b. The limit of
detection ranged from 0.07 to 0.22 md/m

In conclusion, exposure levels are likely to be elydvariable depending on process design, the
extent of containment and ventilation employed. &xpes are believed to be within the IOELV
and are likely to be a small fraction of the IOEMhere processes are contained and effective
ventilation is employed.

3.1.4.2 Use as an intermediate
Operational conditions of use and existing risk maagement measures

DMAC is used as an intermediate in a wide rangprotesses undertaken on various scales that
include both continuous and batch processes udingr eledicated or multipurpose equipment that
may be technically controlled or manually operafBuere is substantial variation in the degrees of
process enclosure and automation. More informategarding exposure scenarios, including
RMM, is provided in the confidential annex.

Releases of the substance from use as an intermddia

Information on predicted releases from use as @nnrediate is provided in the confidential annex.

3.1.4.3 Use as excipient in human and veterinary pharmaceidals

Operational conditions of use and existing risk maagement measures

Exposure during formulation of these products iseced under the “formulation of mixtures”
above. It is anticipated that production would ilweoa small scale batch process and that a
relatively high level of containment would be emydd in order to protect the product and also to
minimise potential exposure to potent pharmacelictives.

Releases of the substance

Exposure during formulation of these products iseted under the “Formulation of mixtures”
above. It is anticipated, however, that actual llewé exposure would be lower than the estimates
provided above. Handling within a fume cupboant, éxample, would reduce exposures by at
least a factor of ten.

3.1.5 Use #3 — Use as a solvent in enamels and other aogt

Exposure during formulation of these products igeced under the “Formulation of mixtures” in
section 3.1.2.
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3.1.5.1 Operational conditions of use and existing risk maagement measures

DMAC is used as a solvent in some coatings that b&yapplied in an industrial setting by
spraying, roller application/brushing or dippingx@ésure may also occur during transfers of
DMAC or mixtures containing DMAC to and from largentainers using either dedicated or non-
dedicated facilities. Processes involving DMAC wbubrmally be contained and LEV employed
where releases are possible.

One of the questionnaire respondents is involvethénformulation of enamel coatings for wire.
Once the wires have been enamelled, the coatingiosmo residual DMAC. The coated wires are
used in a variety of electrical applications inéghglin vehicles (in alternators), electrical motors
and electrical transformers. Two separate uses \udagtified for the purposes of exposure
assessment, as shown in the table below.

Table 3.4 Function of DMAC

Use Function of DMAC

PROC 1,3,5,8a,9 DMAC is used as one of the solvents in the produactif PAI
enamels

PROC 2, 3,5, 7, 8a, 10, 13 PAI enamels are applied during enamelling withuke of

enamelling ovens with VOC catalytic oxidation descThe
process evaporates and burns the solvents and gCDEmains
in the enamelled wire

LEV is reportedly used wherever releases of DMAE possible. All operators wear solvent-
resistant gloves and protective clothing. Respiyapwotection is used for the filter sockets change
operation.

3.1.5.2 Releases of the substance

One of the questionnaire respondents provided dbelts of workplace monitoring undertaken in

2009-10 which is shown in the table below. The axpe measurements are low in comparison to
the IOELV with the highest exposures being assediatith specific tasks that are undertaken for
only short periods during the working day. Shiftaneexposures for workers undertaking these
tasks would be much lower (at least a factor ofiol€er) than these peak exposures.
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Table 3.5 Workplace concentrations

Task Workplace concentration Comments
mg/m?

Sampling on blender 1.68 Average of 3 measurements for operation that
takes “some minutes”

Filtration sockets change 2.6 Average of 3 measurements, 10 minute
operation, operator uses RPE

Packaging - filtration 0.093

Filtration sockets change 1.68 10 minute operation

3.1.6 Use #4 — Use as a solvent in production of films

3.1.6.1 Operational conditions of use and existing risk maagement measures

Imported polyimide and polysulphone films are useda variety of applications within the EU
(above), but there is no evidence that these nadgeare produced within the EU. None of the CSRs
refer to the production of polyimide or polysulplediims, although it is possible that this usedall
within the exposure scenario: “the industrial use@olvent”.

None of the questionnaire responses concern prioduct these films. Given the absence of
evidence for polyimide or polysulphone film prodoatwithin the EU, no exposure assessment has
been undertaken for film production.

The DMAC content of imported films is small (repedtas being <1% or less than an unspecified
detection limit) and it is not known whether anyesiic RMMs are applied during the industrial
processing of these films.

3.1.6.2 Releases of the substance

Given that the DMAC content of imported films isryesmall, no substantial exposure to DMAC
would be anticipated to arise during the industusé of these films in manufacturing processes.
There are no exposure data. It seems likely tHadlation and dermal exposure levels would be
very low in relation to the IOELV or BEI.

3.1.7 Use #5 and #6 — Use as solvent in paint stripperadink removers

3.1.7.1 Operational conditions of use and existing risk maagement measures

Exposure during formulation of these products igeced under the “Formulation of mixtures” in
section 3.1.2. Exposure during use is not addresgeohy of the CSRs. Paint strippers that contain
DMAC are largely used in an industrial setting aah be applied by dipping or brushing. Paint
strippers containing DMAC may also be applied bysbing during professional use. Paint
strippers are generally used at room temperatudehawe a DMAC contact of up to 5%. It is
uncertain what RMMs might be routinely applied dgrthe use of DMAC for paint stripping.

DMAC is used in eraser pens designed for ink rehoMais use is expected to be discontinued
during 2012.
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3.1.7.2 Releases of the substance

Exposure during formulation of these products igeced under the “Formulation of mixtures” in
section 3.1.2. Exposures during use will dependhencircumstances of use (such as volume of
mixture used, area covered, whether inside or d@ei@nd room size) and the RMMs applied.
Estimates of inhalation exposure to fumes arisirggnf paint stripper (containing 5% DMAC)
derived using ART indicate that exposure levelsliaedy to be low in relation to the IOELV.

Table 3.6 Estimates of inhalation exposure from pat strippers

Method of application | Assumptions Median exposure estimate| Interquartile range mg/m?®
mg/m®
Dipping at industrial No containment or LEV, 0.00025 0.00012-0.005
sites Surface area of bath 1-3m
Professional Used in unventilated indoor | 0.025 0.012-0.051
application by brush space, rate of surface
coverage 1-3 fthour

Dermal contact with paint stripper could be exteasiuring use depending on the viscosity of the
stripper and whether protective clothing and glogesused. In the absence of protective clothing
or gloves and assuming exposure of the hands aedrfos, the EASE model indicates that the
dermal exposure associated with dipping objecli&e$y to be of the order of 3-30 mg/kg/day. The
dermal exposure associated with application byHingsis likely to be of the order of 150-430
mg/kg/day. The use of suitable protective clothemgd gloves would be expected to reduce
exposure levels by at least a factor of ten.

Exposure to DMAC during the use of erasing pendaining DMAC is likely to be extremely
small given the small volumes used on each occasidrthe low frequency of exposure.

3.1.8 Other uses

3.1.8.1 Laboratory uses
Operational conditions of use and existing risk maagement measures

A description of operational conditions and RMM®plagx, based on information from the CSRs, is
included in the confidential annex.

Releases of the substance

There are no modelled exposure data. Descriptiomabd from the CSRs is provided in the
confidential annex.

The use of LEV would be anticipated to reduce iatiah exposure by at least 50% and handling
within a fume cupboard would reduce exposure bleast a factor of 10. Similarly the use of
appropriate gloves would be expected to significadtice the extent of dermal exposure.
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3.2 Environmental releases of DMAC

The emissions of DMAC to the environment have bestmated for each of the main use areas
(including manufacture) described in the previoestisns, and the results are presented in Table
3.7. The background data for the estimates aregedyun the confidential annex.

The estimates are based on an analysis of theablaihformation on releases, which includes site-
specific measurements, EUSES and ERCs/SPERCSs.cAstisere is uncertainty in the figures, but
it is not possible to quantify this uncertainty kvithe current information. The ranges in some
values relate to the uncertainty in the amountd us¢hese areas.

Sources of emission in the manufacturing, othemubals manufacture, fibre production and
formulation of mixtures are considered to be psmirces.

The releases from the production and use of thredilre estimated to account for more than 90%
of the total quantified atmospheric emission. A ongyart of the DMAC used as solvent in the
production of fibres is ultimately emitted to thenasphere either from fibre manufacturing or from
downstream processing. Based on the availableid&assumed that all residual DMAC in the
fibres is released to the environment by the sulssigprocessing steps. Information from several
downstream users suggests that the DMAC preseat rasidual content in the fibres would be
released to air by the first stages of the furfitecessing of the fibres.

Very different information has been obtained froradqucers as concerns the outflow from the fibre
production process. Whereas one company indichtgsnearly 100% of the DMAC ends up in

different waste steams, another indicates thag@feiant amount of the DMAC is released to the
atmosphere, and one company indicates that a isigmifpart ends up in waste water, as further
described in the Confidential Annex. The differen@e to some extent linked to the different
processes applied by those companies.

During the application of coatings, DMAC is repartéo be evaporated by the heating. The
evaporated DMAC is burned and transformed t@,0NID,. According to a producer of enamels, no
releases to atmosphere take place during this ggoce

The available information has not allowed for amifecation of releases from films, paint strippers
and ink removers. It is assumed that the majofityesidual DMAC in films (<1% of film weight)
is released to the environment, but detailed datthe total residual DMAC content in films have
not been identified.

For the other use areas, in particular for paimaeers and laboratory use, there are likely to be
professional users and the sites of use will beenddfuse. Use of ink eraser pens is likely to ge b
consumers.

The water emissions are assumed to be directedMaste water treatment plant. The subsequent
fate in the plant is estimated to be 32.5% to serfaater, with 67.4% degraded and negligible
amounts to air and sludge.

For each use, details of the relevant parts ofiteeycle stage that are assumed to contribute to
releases are set out in the confidential annex.
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Table 3.7 Estimated releases of DMAC to the envirmnent

Emissions (t/yr)
Use Air Waste water
Manufacture 0.46 3.16
Chemical production 120 84
Production and use of fibres 1896 20.8
Coatings 0.075-0.2 0
Films ? ?
Paint stripper ? ?
Ink remover ? ?
Laboratory use 25-150 25-150
Total 2041-2166 133-258

3.3 Natural or unintentional formation

No information is available to suggest that DMAGdamed naturally or unintentionally

34 Conclusions on releases

Worker exposure to DMAC in the EU should be com&lto levels below the Indicative
Occupational Exposure Limit Values (IOELVs), whiake intended to protect workers from the
development of respiratory irritation. Indicativecpational Exposure Limit Values (IOELVS) of
10 ppm as an 8 hour time weighted average (TWA) 2dicppm as a 15 minute Short Term
Exposure Limit (STEL) have been established inEkhke Comparisons of available exposure data
with the IOELV (used as a reference point) in tegt toelow intend to give an indication of the
magnitude of exposure associated with the diffeosets and do not comprise any assessment of the
risk related to the toxicity for reproduction of .

Worker exposure during the manufacture of DMAC appéo be is controlled to levels associated
with much lower intakes than those associated téhfull shift IOELV. The process is entirely
enclosed and there is no likelihood of dermal balation exposure.

Worker exposure during the various uses of DMAGighly variable reflecting a wide range in the
scale of processes and degree of enclosure and ridkemanagement measures applied. Most
exposures are likely to be within the IOELV and weh@rocesses are contained and effective
ventilation is employed, exposures are likely talmmall fraction of the IOELV. The highest levels
of exposure are likely to occur during mixing arldnging involving DMAC in batch formulation
processes where workers may have multiple andgmifeiant contact with DMAC. The use of
appropriate ventilation and personal protective iggent, however, could control exposures
associated with formulation to a small fractiortteé OELV.

The quantities of residual DMAC present in consurgeods are negligible and no consumer
exposure to DMAC is anticipated.

The major release of DMAC to the environment isnested to be associated with the production
and use of fibres which is estimated to accountrfore than 90% of the total quantified releases to
the environment. Residual DMAC in produced fibrep {o 3% of fibre weight) is estimated to be
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released to the environment. It has however, neh lpossible to quantify the releases from films
(residual content is assumed to be released tertieonment), paint strippers and ink removers
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4 CURRENT KNOWLEDGE ON ALTERNATIVES

4.1 Overview

This section provides a compilation of some of itf@rmation available from the consultation
undertaken on alternatives to DMAC.

DMAC is primarily used as a solvent and many ofgame alternative solvents have been indicated
by the manufacturers and downstream users.

Firstly, general information on classification obtpntial alternatives and application areas, for
which the alternatives have been considered, sepied.

This is followed by information on replacement oMBC in specific uses, including textile
processing, pharmaceutical industry, coatings axut strippers. No information was available on
alternatives for other applications.

4.2 List of alternatives considered

DMAC is a dipolar, aprotic solvent with high solgipower for high molecular-weight polymers.
The solvent can be used for a wide range of organdétinorganic compounds and is miscible in
water, ethers, esters, ketones and aromatic cordgoiihe polar nature of DMAC enables it to act
as a combined solvent and reaction catalyst in maagtions.

Potential alternative solvents which have spedifidaeen considered as part of the consultation or
in the literature are shown in Table 4.1. The taioldicates the actual classification of the
substances. The extent to which alternatives peosithetter environmental and health profile than
DMAC is a key element in the considerations regaydiubstitution but is outside the scope of the
current study.

Four of the alternatives are classified as toxicefgroduction or carcinogenibtMP, DMF, DCM,
andDMPU. NMP and DMF have both been mentioned as potegitednatives for a number of the
application areas of DMAC. However, due to theassification, these substances are of less to
industry interest as possible alternatives to DMAC.

Four of the considered alternatives are not cliassiNEP, TMU, DMSO, and DMI.

France has recently submitted a proposal for ¢dleason of NEP as toxic to reproduction (France,
2011). According to comments from industry, quotedhe Annex XV report for NMP, several
companies noted NEP as a potential alternativeNi® Nout the industry highlighted concerns with
this substance also potentially being classified esproductive toxin in the future (ECHA, 2011b).

According to comments provided by industry on théx XV report for NMP, Safety Data Sheets
for TMU state that this substance is toxic for reprodac{iisCHA. 2011b). As an example, the
SDS from TCI Europe NV assigns the R-phrase "RB8ssible risk of harm to the unborn child" to
the substance (TCI, 2010a). The same is indicatélgei SDS from the reference catalogue from the
Joint Research Centre's Institute for ReferenceeN&s and Measurements (JRC, 2004).

DMSO, like DMAC, is a polar aprotic solvent and is madatoy one supplier as “the safe and
competitive alternative to other polar aprotic soits” (Arkema, 2011). As one of the most
promising alternatives, the substance is desciibetbre detail in the next section.
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Table 4.1 DMAC and potential alternative solveantsl their classification

Abbr./name | Chemical name EC No Classification ** | Risk phrases Application areas
/CAS No for which the
alternative have
been considered
DMAC N,N- 204-826-4 | Repr. Cat. 2; R61| R61: May cause harm to th
dimethylacetamide 127-19-5 Xn; R20/21 unborn child.
R20/21: Harmful by
inhalation and in contact
with skin.
NMP 1-methyl-2-pyrrolidone| 212-828-1 | Repr. Cat. 2; R61| R61: May cause harm to th| Fibres,
872-50-4 Xi; R36/37/38 unborn child pharmaceuticals,
R36/37/38: Irritating to p°|y'm'|d films,
eyes, respiratory system ar| €Namels
skin
DMF N,N- 200-679-5 | Repr. Cat. 2; R61| R61: May cause harm to th| Fibres,
dimethylformamide 68-12-2 Xn; R20/21 - unborn child. pharmaceuticals,
Xi; R36 R20/21: Harmful by polyimid films
inhalation and in contact
with skin.
R36: Irritating to eyes.
DMPU tetrahydro-1,3- 230-625-6 | Repr. Cat. 3; R62| R22: Harmful if swallowed.| Pharmaceuticals
dimethyl-1H- 7226-23-5 | 7 XmR22 - R41: Risk of serious
pyrimidin-2-one Xi; R41 damage to eyes.
R62: Possible risk of
impaired fertility.
DCM dichloromethane 200-838-9 Carc. Cat. 3; R40 | R40: Limited evidence of a| Pharmaceuticals
75.09-2 carcinogenic effect.
NEP 1-ethylpyrrolidin-2-one| 220-250-6 | Not classified * - Fibres
2687-91-4
DMI 1,3- 201-304-8 | Not classified - Fibres,
dimethylimidazolidin- | g5 73.9 pharmaceuticals
2-one
DMSO dimethyl sulfoxide 200-664-3 | Not classified - Pharmaceuticals,
67-68-5 polyimid films
T™MU tetramethylurea 211-173-9 | Not classified - Pharmaceuticals
632-22-4
Sulfolane tetrahydrothiophene 204-783-1 | Xn; R22 R22: Harmful if swallowed.| Pharmaceuticals
1,1-dioxide 126-33-0
Acetone acetone 200-662-2 | F; R11 - Xi; R11: Highly flammable. Pharmaceuticals
67-64-1 sgg - R66 - R36: Irritating to eyes.
R66: Repeated exposure
may cause skin dryness or
cracking.
R67: Vapours may cause
drowsiness and dizziness.
Acetonitrile | acetonitrile 200-835-2 F;R11 - Xn; R11: Highly flammable. Pharmaceuticals
75-05-8 R20/21/22 - Xii| R20/21/22: Harmful by

R36

inhalation, in contact with
skin and if swallowed.

R36: Irritating to eyes.

* France has submitted a proposal for classificadbf NEP as toxic to reproduction, Repr. Cat. 21 Rerance, 2011).
** Classification according to Table 3.2 of Regulati@&C) No 1272/2008.
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According to comments provided by industry to thendx XV report for NMP, no information on
the reprotoxic properties @MI was found at the time of the evaluation, but tisustry found it
reasonable to assume that DMI is also reprotoxsethan the chemical similarity with NMP and
the other solvents in this group (ECHA. 2011b). DMk polar aprotic solvent marketed for some
of the same application areas as DMAC and is daesatin more detail in the next section.

4.2.1 Dimethyl sulfoxide, DMSO

DMSO is a polar aprotic solvent, not classifiedd anmarketed as alternative to DMAC, NMP and
other polar aprotic solvents” (Arkema, 2011a). thas reason it is described in more detail here.

The applications of DMSO include (Arkema, 2011):
» Reaction solvent for active substances synthesisrasynthesis of agrochemicals;
» Alternative to dichloromethane and NMP in painipgiers;
* Photoresist stripping and cleaning agent in eleatrmdustry;

* Solvent for the formulation of polymers such asyptiersulfones, polyurethanes for
coatings;

» Other applications including cleaning, aromatia&estion and reagent.
DMSO is not specifically mentioned as solvent fug manufacturing of textile fibres.

DMSO is readily available and the global DMSO maatiiring capacity is estimated to be 80,000
tonnes (ECHA, 2011a).

It is a powerful organic solvent which is well ddtahed in the industry, with dissolving properties
for binder polymers including PVDF, PAI, PUs, anchyics. The polar bonding of DMSO is
higher than the polar bonding of DMAC while the hgglen bonding is the same as indicated in the
solubility map below. The boiling point of DMSO @8C) is slightly higher than the boiling point
of DMAC (166°C).

Hansen Solubility Map
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As mentioned in the Annex XV report for NMP, onemgmany suggested that DMSO is of greater
concern than NEP, owing to the ability to dissohrel transport other substances through gloves
and skin, potentially increasing systemic exposuesther substances (ECHA, 2011b). One
manufacturer of DMSO notes on its website that DMS@s well absorbed and excreted in the
urine as NMP, however the data shows that the pability of these two substances is higher than
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the permeability of DMAC. The permeability of DM3©176 mg/mvh, whereas it is 107 mgfth
for DMAC (Arkema, 2011a).

According to comments provided by the pharmacelichustry on the Annex XV report for NMP,
DMSO is a potentially reactive chemical and thermmsitability can be induced by a range of
chemicals / impurities. They indicate that mangidents have been reported involving this solvent
and that from a safety point of view alone altenmatsolvents should be investigated before
choosing DMSO as a reaction solvent (ECHA. 2011a).

According to information from a manufacturer of DMSArkema, 2011b), for each chemical
reaction involving DMSO, the thermal stability dfet mixture has to be checked. In presence of
some materials, self accelerating exothermic decsitipns can occur at lower temperature:

Some strong bases like sodium hydride or potassunutoxide should be used with great care
in presence of DMSO.

Some acids can cause a rapid decomposition of DMSO.

Whilst DMSO certainly is not a drop-in substitute &all applications, it has a broad spectrum of
uses. The extent to which the thermal instabilityh® substance limits the use of DMSO as an
alternative to DMAC has not been investigated itaidiebut from the available information, DMSO
seems to be a potential alternative with a betaith profile than DMAC at least for some of the
applications of DMAC.

4.2.2 1,3-dimethylimidazolidin-2-one, DMI

According to a manufacturer of this substance, dissolving power of DMI for organic and
inorganic compounds in addition to its acceleragfigct as an aprotic polar solvent, makes it an
exceptionally effective reaction solvent (MitsuQ12). The boiling point of 225 °C is higher than
the boiling points of NMP and DMAC.

The applications of DMI include (Mitsui, 2011):

Reaction solvent. It is effective for various nugailic substitution reactions such as the
synthesis of phenylether derivatives, amino comgdswand fluorobenzene derivatives used as
intermediates in agrochemicals, medicines, dyestrfti monomers of high performance resins.

Solvent for various polymers. Among various apicras mentioned, it is used in the formation
of polyimide and polysulfone films and in the stitghg of polyetherketone film, treatment of
DMI makes films more uniform.

Detergent and surface treatment agent.
Dyestuff, pigments, electric material and petrolganoducts.
DMl is not specifically mentioned as a solventfioe manufacturing of textile fibres.

DMl is not classified under Regulation (EC) No 12008. As mentioned above, industry found it
reasonable to assume that DMI is also reprotoxsethan the chemical similarity with NMP and
the other solvents in this group (ECHA. 2011b). Ttrdacity data provided on the manufacturer’s
website do not include data on toxicity to repradut The SDS from TCI Europe NV assigns the
following R-phrases: R21/22 - Harmful in contactiwskin and if swallowed; R36/38 - Irritating to

eyes and skin (TCI, 2010b).
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In an evaluation of DMI as a possible alternativetéxtile fibres (see next section), limited
availability and higher cost have been indicated dsadvantage of DMI.

4.3 Use #1 — Use as a solvent in man-made fibre prodiast

4.3.1 Alternative solvents
Different alternative solvents for textile fibreaue been considered by the industry.

DMF may be used for some types of fibres. Accordommgne producer, DMF has been widely used
for elastane production in China, but the Chinesgeghment has directed the producers to
eliminate the use of DMF in the manufacturing ohsthne by the end of 2011. Due to its
classification, DMF is not considered a viable ral&tive by the textile producers.

Three other solvents considered as alternativahieénproduction of fibres by industry (specific
details are provided in the confidential annex)leted in Table 4.2 below. For NMP and NEP the
main constraints are the higher boiling point (loding point of DMAC is 166°C) and the fact that
the substances do likely not provide an improvedhldhprofile. Whereas the required polymer can
be produced, the high boiling point significantlifeats spinning and solvent recovery processes
and will affect product properties.

DMl is not classified, but as mentioned above #zdrd profile has still not been evaluated. It is
used for other fibres, but according to the indudtves not produce a useful polymer fibre with the
polymer concerned. According to the fibres produ@WAC has been used for 50 years for the
specific fibre and no alternative has been founbdeanore suitable for this fibre, using criteriatth
include performance, manufacturability, human Heattd environmental impact, among others.

Several fibre producers of the three main typegliacelastane, meta-aramid fibres, have indicated
that alternatives to DMAC are not available. Acéogdto one producer, replacement of DMAC
would require major changes in three processeswbatd have to readjusted or reinvented: dope
preparation, extrusion/spinning process and themgivent separation process.

NMP and NEP are also mentioned by a producer ofhendype of fibre, who also mentions the
high boiling point and the classification as maonstraints for the use of these solvents. The
producer furthermore mentions that other polar tapemlvents potentially capable of dissolving the
polymers are limited by the achievable maximum pwy solids, polymer solution viscosity
stability, economic supply and recovery, and uraeties in health and environmental effects.

No information on the possible use of DMSO in fipreduction has been obtained.

61



ANNEX XV — IDENTIFICATION OF N,N-DIMETHYLACETAMIDE (DMAC) AS SVHC

Table 4.2 Alternative solvents considered as reptad by one producer of fibres*

NMP NEP DMI

1-methyl-2-pyrrolidone 1-ethylpyrrolidin-2-one 1,3-
dimethylimidazolidin-2-

one

Commercially used Yes, with a different No Not for this fibre
currently spinning process
Technical constraints on | Higher boiling point than | Higher boiling point and | Very limited availability
use of the alternative DMAC (204°C) higher costs (298°C) and higher cost
Other constraints on use oflts classification as a Likely to become DMI is manufactured
the alternative category 1B reprotoxin | classified category 1B through a proprietary

reprotoxin process and has limited

availability. Moreover its
hazard profile is unknown

Product redesign or Current facilities are not | Current facilities are not | None possible. This
process changes required designed for this designed for this product does not produce
to use the alternative alternative product alternative product useful polymer
Additional work required | Would require the Would require the None possible. This
if alternative is to be used| development of new development of new product does not produce
process technology and | process technology and | useful polymer
build new plant and build new plant and

require requalification in | require requalification in
critical to human life and | critical to human life and
safety critical products safety critical products

Time required before the | Not evaluated as direct | Not evaluated as direct | Not evaluated as cannot
alternative could replace | replacement is not feasiblereplacement is not feasibleproduce a useful polymer
the substance of interest | for current technology and for current technology and

(years) the substance does not | the likely the substance
provide an improved does not provide an
hazard profile improved hazard profile

* Fibre type indicated in Confidential Annex

4.3.2 Alternative spinning method

One producer mentions wet spinning as an altematreduction technology which has been used
historically in the production of elastane. Thedgwoer mentions that wet spinning still requires the
use of organic solvents such as DMAC or DMF. By wed spinning process, the majority of the

solvent used is extracted into a relatively largiumne of water, from which the solvents must be
recovered in an energy intensive process. Littlany, commercially available elastane is currently
made via wet spinning as a result of the highergneonsumption and poorer overall product

performance, while still using the same solventmdke dry spinning process.

4.4 Use #2 — Use as a solvent and intermediate in prodtion of pharmaceuticals,
agrochemicals and fine chemicals

The following information on alternatives to DMAG@ the production of pharmaceuticals is, unless
otherwise indicated, based on the comments frontrélae organisation EFPIA and pharmaceutical
companies on the Annex XV report for NMP (ECHA, 281 EFPIA has confirmed that the
information applies to alternatives to DMAC as wadl to DMAC itself (EFPIA, 2011). The main
difference between DMAC and NMP is the differencevolatility. Furthermore, information has
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been requested from a major producer of agrochdsnicat no data have been received within the
deadline.

Due to the classification of DMAC as toxic to reguation, its use in the pharmaceutical industry is
limited by the Solvent Emissions Directive (Europgaommunity Directive 1999/13/EC). The
Directive requires specific industries, includinigetpharmaceutical manufacturing industry, to
replace as far as possible substances or mixtungshveontain VOCs classified as carcinogens,
mutagens, or toxic to reproduction by less harnsiuibbstances or mixtures within the shortest
possible time.

In cases where it is not possible to substitute [Vi&e Solvent Emissions Directive requires an
emission limit value of£2 mg/n? for discharges where the mass flow is more thag/A0

According to industry, a key point of consideratfonthe pharmaceutical industry is the regulatory

implications that may be associated with changireggolvent used in any stage of a commercial
manufacturing process that is registered with p@@priate regulatory health authorities. Changes
to such processes invariably require extensive vieddpment of processes and associated
interaction/authorisation from health authoritiesarder to ensure product quality, efficiacy and

that patient safety is not compromised. Typicailyanging a commercial process would necessarily
involve a long lead time, large amounts of work aigphificant associated costs.

There are a number of solvents that could potéyntiaé used in place of DMAC in some
manufacturing syntheses of active pharmaceutiagietgients (API). The most common ‘direct’
alternatives used within the pharmaceutical inqguate NMP and DMF, but these solvents carry
essentially the same health hazard as DMAC (R61ly Nause harm to the unborn child.).
According to the comments, the risk associated wigimg NMP would be lower than the risk
associated with using DMF or DMAC as the lattersdabces have higher volatility (i.e. higher
vapour pressure and lower boiling point) than NMReaning that the risk of worker or
environmental exposure through use of these savisngenerally higher. According to EFPIA
DMF is not a suitable alternative due to the loweiling point and thermal instability of DMF
(EFPIA, 2011).

According to a major user of DMAC for synthesisagirochemicals, DMAC is used exclusively as
a solvent in industrial synthesis. The whole sysithéas been optimized for this solvent, which
was chosen due to its physico-chemical properBesential alternatives are not as suitable based
on their physico-chemical properties.

Other alternative polar aprotic solvents exist,umnher of which are listed and commented on
below. As can be seen from the comments from EFRPI#ese solvents, there are other limitations
associated with these alternatives which may ptetrezir use in specific circumstances. Whilst a
more detailed, circumstance-specific, considerai®rof course required in the context of a
particular chemical process, these comments serillistrate that finding a feasible alternative to
NMP (or DMF, DMAC) may be difficult.

» DMSO: According to EFPIA, DMSO is a potentiallyastive chemical and thermal
instability can be induced by a range of chemitaispurities. Many incidents have been
reported involving this solvent. From a safetynpaf view alone they suggest that
alternative solvents should be investigated betbmsing DMSO as a reaction solvent.
This can also be the case with other aprotic seéveumch as DMF or dichloromethane
(DCM). As described in the previous section, fozreehemical reaction involving DMSO,
they indicate that thermal stability of the mixtiras to be checked. The extent to which
DMSO may be used as an alternative to DMAC foratenteactions would need a more
detailed evaluation.
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DCM: In addition to the potential reactive hazandsed in the previous bullet, DCM
presents significant health hazards as a Categoaychogen (under Regulation
(EC)1272/2008).

Sulfolane: Sufolane has a high melting point (ar@0-26°C) and consequently may often
prove operationally impracticable.

Acetone and acetonitrile: Neither of these sdlyg@ossesses the high solvating power of
NMP, DMF and DMAC, nor the high boiling point tocfatate higher temperature
reactions. The boiling points of the two substararess6°C and 83°C, respectively).

DMPU, DMI and TMU. These solvents are relativelyvend have been the subject of
recent evaluation within one of EFPIA’s member camips. Whilst they appear to offer
some opportunity as alternatives to NMP (and pbdsEIMAC), their commercial
availability is currently questionable, and seguat supply for a manufacturing process
could present a risk. DMPU is classified reprotdXiable 4.1) and, as discussed above,
SDSs for TMU state that this substance is toxiadé@roduction. No information on the
reprotoxic properties of DMI was found at the tioféhe evaluation. As discussed in
section 4.2.2, safety data sheets do not indibatteDMI is toxic to reproduction and further
assessment would be needed to determine whetheidDdHuitable alternative.

In summary, alternatives to DMAC exist, but the malternatives are themselves classified as
toxic to reproduction or carcinogenic. Two polarr@g solvents, DMSO and DMI, could
potentially be used as alternatives for some agiitios of DMAC, but industry indicates that the
technical feasibility, the supply situation anditrenvironmental and health properties would need
a further assessment.

4.5

Use #3 — Use as a solvent in enamels and other cogs

According to a producer of enamel based on polyanmdide (PAIl), NMP can be used as an
alternative solvent in these enamels. DMAC hastgebsolvent effect, which allows less solvent to
be used for the same polymer content (in insulatimg coating) for the customer.

A major global producer of PAI powders indicateattthese powders are soluble in dipolar aprotic
solvents such as DMAC, NMP, DMSO and DMF (SolvaddlP). Solutions of these systems can be

sprayed into coatings, cast into films, spun inboels and cast or spun into specialty membranes.
High strength, high temperature capable adhesiaasatso reportedly be formulated from these

PAI powders.

Of the solvents mentioned, DMSO is the only oneclhs not classified, as discussed above. No
information on actual experience with DMSO as aterahtive to the specific applications of
DMAC has been obtained.

The requirements of the Solvent Emissions Directiventioned above for the pharmaceutical
industry also applies to winding wire coating (sushany coating activity of metallic conductors
used for winding the coils in transformers and ms)tcand the relevant thresholds of that Directive
apply accordingly.
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4.6 Use #5 — Use as a solvent in production of films

No information on alternatives to the specific tdeDMAC in paint strippers has been obtained
from formulators of the mixtures.

In the paint strippers, DMAC is a secondary solyesed in concentrations below 5%. The main
solvent in the paint strippers is dichlorometha@A$ No 75-09-2). A large number of paint
strippers based on dichloromethane without DMACaaalable on the market.

In an impact assessment of potential restrictiamnghe marketing and use of dichloromethane in
paint strippers for the European Commission reaehcbnclusion that a number of alternatives to
dichloromethane are available for chemical painpging (RPA, 2007). Furthermore, the real-life
example of Austria, Denmark and Sweden, where fieeafl dichloromethane-based paint strippers
is already restricted, suggests substitution de¢hmroducts is feasible.

The alternatives evaluated were:
« NMP (CAS No. 872-50-4);
* benzyl alcohol (CAS No. 100-51-6);
» dimethyl sulphoxide (CAS No. 67-68-5);
» 1,3-dioxolane (CAS No. 646-06-0);
* sodium hydroxide (CAS No. 1310-73-2); and
» dibasic esters (CAS Nos. 106-65-0, 1119-40-0, 62D,%nd 95481-62-2).

As concerns the technical suitability of alternasiythe study concludes that technically suitable
alternatives to DCM-based paint strippers are gdlyeavailable on the market, but it is neither
possible nor feasible to select a specific substamctechnique as being the most appropriate for
paint stripping. This is because each of the pstimpping formulations and techniques considered
has unique advantages and disadvantages. For qipfieations, the introduction of an alternative
substance or technique (as a result of any rastrgjt may be simple and ‘seamless’, while for
other applications, it may be more complicated.

According to Commission Regulation No 276/2010 #fNMarch 2010, paint strippers containing
dichloromethane in a concentration equal to ortgrethan 0.1 % by weight shall not be placed on
the market for supply to the general public or tofgssionals after 6 December 2011 and not be
used by professionals after 6 June 2012. By waleadgation from the general restriction, Member
States may allow on their territories and for dertactivities the use, by specifically trained
professionals, of paint strippers containing dicbiloethane and may allow the placing on the
market of such paint strippers for supply to thps®Eessionals.

It has not been investigated whether the pairnpstris with DMAC would be used for applications
that would be allowed by some Member States. As @M# not included in the majority of paint
strippers for similar applications, the substascedt considered essential in the strippers.

4.7 Other uses

An importer of ink eraser pens containing DMAC rates that they have asked the producer of the
mixture to deliver to the supplier of the erasen p@ alternative mixture which does not contain
this substance. It is expected that the mixtureainimg DMAC will be replaced from mid 2012.
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An importer of polyimide films with residual DMACoatent reports that no alternatives are
available for the manufacturing of polyimide films.

Specific information on alternatives has not bektaimed for other uses of DMAC.

4.8 Conclusions on alternatives

Overall, no information on actual replacement of BM with alternative solvents has been
obtained. The efforts in reducing the use of thiesiance have rather focused on improving the
recovery rate of DMAC.

For the main uses of DMAC as a solvent in textileef processing and as a solvent in the
pharmaceutical industry, the most immediate alterea are themselves classified as toxic to
reproduction or carcinogenic or are currently scitfe proposals to assign such a classification.

Of the other potential alternatives, two polar dgipgreolvents, DMSO and DMI, could potentially be
used as alternatives for some applications of DM#&@h as in the production of pharmaceuticals
and other chemicals. DMSO is specifically markedsdalternative to DMAC. No comparison with
the environmental and health profiles of these maikalternative substances has been made in this
report.

These solvents are currently not suggested asrgelfer manufacturing of textile fibres of the
types for which DMAC is used today. For textile gessing, no alternatives with a significantly
better environmental and health profile have beggested by industry or identified in this study.

The use of DMAC as a secondary solvent to dichl@thiane in paint strippers seems not to be
essential, and paint strippers for similar appiareg without DMAC are marketed. Indeed, paint
strippers based on dichloromethane are due to &seplhout for consumer use.
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ANNEX 1: INFORMATION FROM MEMBER STATES

As part of the stakeholder consultation the follogvinformation on DMAC has been obtained from
Member States and Norway. In addition, some Mensiates have indicated that no information
was available.

Finland
1. No manufacture of DMAC (Year 2010).
2. Import of DMAC was between 1-10 tonnes. (Yeat®@0

3. Products containing N,N-dimethylacetamide areeg@rized as: laboratory reagent, solvent,
varnish remover or sealant.

Sweden

Swedish Chemical Register includes information ba following applications (in decreasing
order): Laboratory chemical, hardener (construciimatustry), professional cleaning agent, paint
(maybe also in paint available to consumers), swjvputty. Import: About 0.5 tonnes in 27
mixtures 2009 (articles not included).

Lithuania

Lacquer 1823/30 MB used for production of enameilted wire. Percentage of DMAC by mass is
2.5-10 %. Most recent information: 2008 one compamyhe wire industry used has registered
consumption of 9.66 tonnes.

Norway

According to the information in the Norwegian Protd®egister the quantity imported to Norway
from the EU in 2009 was about 75 tonnes.

SPIN database According to the online database of the Nordiedoict registers, SPIN, in 2010 a
total of 0.2 tonnes DMAC was registered in 10 migtuin the category “adhesives, binding agents
in Finland. No quantitative data are available iRIN for any other uses in the four Nordic
countries.
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ANNEX 2: CONFIDENTIAL INFORMATION ON MANUFACTURE, I MPORT
AND SALES

Non-disclosure of confidential information
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ANNEX 3: CONFIDENTIAL INFORMATION ON IMPURITIES

Non-disclosure of confidential information
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