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1.
INTRODUCTION
Water and oil repellency has historically been achieved with textile finishes that contain a polymer
to which long-chain perfluoroalkyl groups have been attached, also designated side-chain
fluorinated polymers3, 4, 5. Due to a growing concern regarding the adverse effects of long-chain
perfluoroalkyl substances (PFASs) the textile industry has been forced to find alternatives for sidechain fluorinated polymer based durable water and oil repellent (DWOR) chemistries that
incorporated (long) C8 perfluoroalkyl side chains. This substitution process is to a large extent driven
by regulations and policy actions such as the inclusion of the C8 perfluorooctanoic acid (PFOA), its
salts and PFOA-related substances in the Restriction List (Annex XVII) of REACH Regulation6.
This restriction of C8-based PFAS resulted in a market where both fluorinated and non fluorinated
DWORs were available. When MIDWOR-LIFE project started, C6-based side-chain fluorinated
polymers were considered by the industry as a first line alternative to C8-based PFAS. Their structural
similarity was an advantage in terms of guaranteeing their technical performance. However, this
structural similarity was also an alert in terms of their potential hazard profile. Indeed, from
07/07/2017 (month 24th of the MIDWOR-LIFE project), Perfluorohexane-1-sulphonic acid and its
salts were included in the Candidate List of substances of very high concern for Authorisation7.
Therefore, although C6-based side-chain fluorinated polymers were initially considered and
evaluated as ‘alternatives’ at the start of the project, reflecting the situation that the industry was
facing at that moment, they should no longer be considered as alternatives. Regulatory activities in
relation to substance safety are dynamic and it is therefore not unexpected that the regulatory
scenario at the start of the project, changed during its progress.
The DWOR products that were considered by this project can be divided into four broad groups that
reflect their basic chemistry: C6-based side-chain fluorinated polymers (structurally similar to the C8based PFAS), silicones, hydrocarbons (‘paraffin/wax’) and other chemistries (includes dendrimer and
inorganic nanoparticle chemistries)8.
In some cases, when applying fluorine-free alternatives, quality requirements of professional,
technical and protective textiles cannot be fulfilled due to, for example, a lack of chemical-, oiland/or dirt-repellent properties, inadequate abrasion and/or wash resistance.9 The evaluation of
DWOR alternatives needs to take both functionality and safety considerations onboard.
3

Holmquist et al. 2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
Environment International, Volume 91, Pages 251-264.
4 OECD(2013), Synthesis paper on per- and polyfluorinated chemicals (PFCs). https://www.oecd.org/env/ehs/riskmanagement/PFC_FINAL-Web.pdf
5 Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
http://www2.mst.dk/Udgiv/publications/2015/05/978-87-93352-16-2.pdf
6 COMMISSION REGULATION (EU) 2017/1000 of 13 June 2017 amending Annex XVII to Regulation (EC) No 1907/2006 of
the European Parliament and of the Council concerning the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) as regards perfluorooctanoic acid (PFOA), its salts and PFOA-related substances. http://eurlex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R1000&from=EN
7

https://echa.europa.eu/candidate-list-table/-/dislist/details/0b0236e18184a0e1
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Holmquist et al. 2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
9 Stockholm Convention, 2017. Risk management evaluation on PFOA, its salts and PFOA-related compounds.
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2.

OBJECTIVE AND SCOPE OF THE DELIVERABLE

The objective of Action B2 is to evaluate the risks posed by Durable Water and Oil Repellents
(DWORs) on workers and environment health associated to their use by the textile finishing industry.
These studies have been carried out in the relevant occupational exposure scenarios.
The first step was to set the system boundaries. The system comprises the different life cycle stages
from synthesis, formulation, end-use and waste. Nevertheless, according to the scope of the
MIDWOR-LIFE project, manufacture, professional and consumer use, as well as, the end-of-life phase
are out of the scope of the project. Therefore, the relevant stages of the life cycle are:
 Formulation of the DWOR dispersion
 Industrial use: Application by padding of DWORs products – impregnation treatment
Thus, the risk assessment has been focused on exposure to DWORs associated to the formulation of
DWOR dispersion and the industrial use at workplace.The stepwise operations of the different
processes under the scope of MIDWOR-LIFE project are shown in Figure 1 (dotted line).

Figure 1. Life cycle map – Description of the systems boundaries

Initially, a quantitative risk assessment was planned. This would involve the quantitication of the risk
characterization ratio (RCR) by comparing exposure levels to quantitative hazard information (i.e.,
predicted no-effect concentrations or derived no-effect levels DNEL). However, such an approach
requires detailed information on both the hazard profile and the exposure levels in the scenarios
B2. Risk assessment of DWORs in textile finishing processes

-PUBLIC-

5

MIDWOR - LIFE14 ENV/ES/000670
With the contribution of the LIFE financial
instrument of the European Commission

under consideration. Due to the limitations in the data available for the project, a qualitative
assessment was carried out. When risks were identified, risk mitigation measures were
communicated to the relevant partners (Figure 2).

Figure 2. Overview of the risk assessment analysis strategy followed
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3.

HAZARD ASSESSMENT

3.1. Overall approach for hazard evaluation of DWOR alternative products
The textile finishing technologies selected in MIDWOR-LIFE project are all DWOR commercial
formulations available on the market. These formulations consist of aqueous mixtures that, in
addition to the DWOR constituent (the “DWOR active ingredient”) providing the water and oil
repellency function, typically contain other multiple substances. The scope of the present hazard
assessment focuses on the active DWOR substance, and not on the multiple other ingredients in
DWOR commercial formulations, although we would like to highlight that they can be more harmful
than the DWOR active ingredient itself. In some cases, the DWOR ingredient is not classified as
hazardous, but the commercial formulation is classified as hazardous due to the presence of other
ingredients.
Most of the DWOR active ingredients are polymers. Polymers are exempt from Registration under
REACH Regulation, which only requires the registration of the monomers10 or other substances used
in the manufacture of the polymer11. In the case that the DWOR active ingredient is a polymer not
classified as hazardous, it will not show up in the Satefy Data Sheet (SDS) of the commercial product
because there is no legal obligation to include it, and consequently barely no information on their
exact chemical structure will be available. Indeed, the polymers are recognized as of lower concern
than their monomers, due to their lack of bioavailability. However, there is evidence that monomers
are present in the polymers as impurities from the production process and that the polymer has the
potential to degrade into monomers. Therefore, it is reasonable to assume that the chemical identity
and the levels at which such monomers are present or generated will determine the hazardous
profile of each of the DWOR polymers. This is indeed one of the main determinants of polymer
hazards as evaluated in other frameworks. Following this reasoning, we focused the hazard
assessment on the monomers of the DWOR active ingredient. The proportion in which these
monomers and related unreacted products or degradation products are present in the polymer
should ideally also be taken into consideration, as this will be a key determinant of the hazard profile
of a polymer. However, such information was rarely available. The approach that was followed in this
deliverable was to use as much information as it was available for each case, regarding the identity
of the DWOR active ingredients, and in the case of polymers, the presence (proportion and chemical
identity) of unreacted and of degradation products in a given DWOR polymeric active principle.
In particular, the steps that were followed for the hazard characterization of the different DWOR
products was as it follows:

10
11

If conditions according to Article 6(3) of REACH Regulation are met.
ECHA (2012). Guidance for monomers and polymers. Version 2.0 April 2012. European Chemical Agency, Helsinki.
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Step 1: Compilation of information regarding the commercial products (SDS, TDS, information from
suppliers).
Step 2: Identification of the DWOR active ingredient of the commercial products and other
substances to be taken into consideration for the hazard assessment. When this information was not
available from the documents provided by the suppliers, bibliographic searches were conducted to
identify the chemistry of the most plausible ingredients in such formulations.
Step 3: Compilation of toxicological and ecotoxicological data of the selected substances for the
hazard assessment

Step 1. Compilation of information regarding the commercial products
The compiled information on each of the commercial products included in the MIDWOR-LIFE project
is presented in Annex II and summarized in Table 1. Safety Data Sheets (SDS) and Technical Data
Sheets (TDS) were available for all the products. In addition, product suppliers were contacted with
some further information requests.
Table 1. Summary of the DWOR active ingredients in the commercial products included in MIDWOR-LIFE
(Commercial
product)

DWOR ACTIVE INGREDIENT
ACCORDING TO SDS/TDS

CHEMICAL FAMILY OF
THE DWOR ACTIVE
INGREDIENTS

PRODUCT_1

Acrylic- perfluoroalkyl- copolymer
(Perfluoro carbone)

Polymer based on C8

PRODUCT_2

Fluorinated acrylic copolymer

Polymer based on C6

PRODUCT_3
PRODUCT_4
PRODUCT_5

Perfluoro alkyl polyacrylate
Fluoralkylacrylatcopolymer
Fluoroalkyl-functional oligo siloxane
Silicone
(fluor free)
Highly branched, polymer with
dendritic structure
(fluor free)
Waxes and paraffin
(fluor free)

Polymer based on C6
Polymer based on C6
C6-related compound

Brand

PRODUCT_6
PRODUCT_7
PRODUCT_8

Silicone
Dendrimer
Wax / Paraffin

As it can be observed in Table 1, the information provided on the SDS and TDS was rather limited in
terms of the chemical identity of the DWOR active ingredients. The identification of the active
ingredients was in most cases in terms of broad chemical families rather than a specific chemical
substance/structure. In several cases, what seemed to consist on different alternatives, did not really
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differ in terms of the chemical family of their active ingredient. Three of the products evaluated were
indeed C6-side chain fluorinated polymers, and a fourth one was a C6-related compound.
Information about the ingredients (exact names and concentrations) of commercialized DWORs is
confidential and protected by trade secrets, and only limited information is available on these
formulations. In most cases the DWOR active ingredient does not show up in the SDS because there
is no legal obligation to report ingredients that are not triggering the hazardous classification of the
mixture. Even if some of the suppliers were contacted to obtain more detailed information, they
could not share such information due to these confidentiality constrains.
On the basis of these data, the DWOR active ingredients could be classified into five different
chemical families:
 DWOR Products based on C8–side-chain fluorinated polymers
 DWOR Products based on C6–side-chain fluorinated polymers and C6-related
compounds
 DWOR Products based on Silicones
 DWOR Products based on Dendrimers
 DWOR Products based on Wax/Paraffin

Step 2. Identification of the DWOR active ingredient of the commercial products and other
substances to be taken into consideration for the hazard assessment.
In an attempt to narrow down the chemical identity of these substances, the information provided
by the suppliers, was complemented by bibliographic information, that was used to infer the missing
data, but of course this added uncertainty on the assessment. The searches were conducted over
scientific literature, technical reports and patents, with the goal to identify the most plausible
ingredients in such formulations, taken into consideration their intended use as textile finishing
DWOR products.
DWOR Products based on C8 and C6 (side-chain fluorinated polymers)
During the last decades DWOR chemistries based on polymeric per and polyfluoroalkyl substances
(PFASs), more precisely “side-chain fluorinated polymers”, have been common since side-chain
fluorinated polymer DWORs are highly durable and both water and oil resistant. Polyfluoroalkyl (or
perfluoroalkyl) chains are attached to a nonfluorinated polymeric backbone12.

12 Holmquist et al.

2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
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Figure 3. Side-chain fluorinated polymer

The main concern raised by these DWORs products is that its fluorinated chains may be severed
from the polymeric backbone, releasing perfluoroalkyl substances (PFAs)13, 14. The PFASs formed
will depend on the type and length of the side chains. PFASs are problematic because they are highly
persistent, bioaccumulative and have been detected ubiquitously in the abiotic environment, biota,
food items and humans15. Their persistence in the environment is due to the inherent high strength
of the C-F covalent bond. Their persistence and bioaccumulative potential generate growing concern
that in the long term they may have significant adverse effects at population level in wildlife as well
as in human populations.16
PFASs consist of a fully (per) or partly (poly) fluorinated carbon chain connected to different
functional groups. Based on the length of the fluorinated carbon chain, short and long chain PFASs
can be distinguished. The long chain PFASs have been defined as having an alkyl chain containing six
or more carbons. Long chains refers to (as defined by the OECD (OECD, 2012):
 perfluorocarboxylic acids (PFCAs) with carbon chain lengths C7 and higher, including
perfluorooctanoic acid (PFOA) (with 8 carbons);
 perfluoroalkane sulfonic acids (PFSAs) with carbon chain lengths C6 and higher, including
perfluorohexane sulfonic acid (PFHxS) (with 6 carbons) and perfluorooctane sulfonate (PFOS)
(with 8 carbons);
 precursors of these substances, i.e. substances that have the potential to degrade to PFCAs
or PFSAs.

13 Holmquist et al. 2016. Properties,

performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
14 Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl sub-stances
15 Wang et al. 2013. Fluorinated alternatives to long-chain perfluoroalkyl carboxylic acids (PFCAs), perfluoroalkane sulfonic
acids (PFSAs) and their potential precursors, Environment International,Volume 60, Pages 242-248.
16 US EPA, 2009 as cited in Danish EPA, 2013.
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The length of the fluorinated carbon chain can result in different physicochemical properties that
influence the substance behaviour in the environment and in organisms, and its bioaccumulation and
(eco)toxicity17.

Figure 4. Per- and Polyfluoroalkyl Substances (PFASs)

The only difference between C8 and C6-side chain fluorinated polymers is the length of the fully
fluorinated side chain, eight and six carbon length respectively.

In the case of formulations where the active DWOR ingredients was a C8-side chain fluorinated
polymers, the substances selected for the hazard assessment were their corresponding
monomers: PFOAs and PFOS, which were also considered to be potential degradation products
and/or precursors used in the polymerization process.

In the case of formulations where the active DWOR ingredients was a C6-side chain fluorinated
polymers, the substances selected for the hazard assessment were their corresponding
monomers: PFHxA and PFHxS, which were also considered to be potential degradation products
and/or precursors used in the polymerization process.

DWOR Products based on C6-related compound
The ‘C8’ perfluorooctanoic acid (PFOA) will be restricted, along with its salts and its related
substances, as stated in the entry number 68 of the REACH Annex XVII18. PFOA-related substances

17

OECD(2013), Synthesis paper on per- and polyfluorinated chemicals (PFCs). https://www.oecd.org/env/ehs/riskmanagement/PFC_FINAL-Web.pdf
18 COMMISSION REGULATION (EU) 2017/1000 of 13 June 2017 amending Annex XVII to Regulation (EC) No 1907/2006 of
the European Parliament and of the Council concerning the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) as regards perfluorooctanoic acid (PFOA), its salts and PFOA-related substances. http://eurlex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R1000&from=EN

B2. Risk assessment of DWORs in textile finishing processes

-PUBLIC-

11

MIDWOR - LIFE14 ENV/ES/000670
With the contribution of the LIFE financial
instrument of the European Commission

are included in the restriction due to their concern to degrade to PFOA, and example of them are
Polyfluorinated silanes (C8-PFSi) as reported in the ANNEX XV Restriction Report for PFOA (Table 2)19.
Table 2. Polyfluorinated silane as an example of C8-related substance

The DWOR selected in MIDWOR-LIFE – PRODUCT_5 – is reported to consist on a mixture of
Fluoroalkyl-functional oligo siloxanes as depicted in Figure 5 and is manufactured with a sol-gel
reaction. Therefore, it can be considered a PFHxA-related substance.

Figure 5. Fluoroalkyl-functional oligo siloxane (PRODUCT_5)20

In the case of the PRODUCT_5 product, the substances selected for the hazard assessment were
their corresponding monomers: PFHxA and PFHxS, which were also considered to be potential
degradation products and/or precursors used in the polymerization process.

DWOR Products based on Silicones
The information that we collected on the silicone-based DWOR selected in the project did not allow
the identification of the precise chemical structure of the silicone used in the formulation. The most
prominent water-repellent non-fluorinated alternatives are silicone-based agents, and the type of
19

ANNEX XV RESTRICTION REPORT - SUBSTANCE NAME: Perfluorooctanoic acid (PFOA), PFOA salts and PFOA-related
substances https://echa.europa.eu/documents/10162/e9cddee6-3164-473d-b590-8fcf9caa50e7
20 Hydrophobic coating material and method for manufacturing the same. Patent number US 20130089670 A1. 2013
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silicones most used in these products for textile finishing applications are polydimethylsiloxanes
(PDMS)21, 22, 23. It was therefore assumed, that the commercial silicone-based DWOR alternative was
actually based on PDMS.
Polydimethylsiloxanes (PDMS) are of high molecular weight and backbone [–Si(CH3)2O–]. Due to
their structure, they form hydrogen bonds with fibres and exhibit repellency effects on the outer
surface of fibres. In addition to the hydrophobic character of the PDMS chain, fabrics treated with
these types of DWR polymers result in finishes with a soft feel to the hand.24 Despite some of the
advantages of silicones (e.g. soft feel and water repellency), the majority of these DWR-types have
only a moderate durability to laundering and no (unmodified) silicone DWRs can deliver oil
repellency. DWRs based on PDMS can be additionally modified with per- or polyfluoroalkyl side
chains. These hybrid systems have similar properties to PDMS-based DWRs, but the addition of perand polyfluoroalkyl chains can result in an additional oil and soil repellency of the finished fabric25.
An example of these hybrid systems is the DWOR contained in the commercial product PRODUCT_5
used in MIDWOR-LIFE, addressed in the section C6-related compound.

Figure 6. General structure of DWRs based on PDMS (Hydrophobic CH3 groups can freely rotate around the SiO-Si backbone and orientate towards the fibre surface; the fibre binding occurs via hydrogen bonding and
reactive groups (R2).

In commercial products the presence of residual siloxanes in their composition might give rise to
environmental and human health hazards. Various siloxanes, especially the cyclic siloxanes known as
D4, D5 and D6 and the linear siloxanes MM (or HMDSO), MDM, MD2M and MD3M, are intermediates
for synthesis of PDMS and may appear as impurities in commercial formulations (Table 3). However,

21

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
Stockholm Convention, 2017. Risk management evaluation on PFOA, its salts and PFOA-related compounds.
23 Holmquist et al. 2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
24 Holmquist et al. 2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
25 Holmquist et al. 2016. Properties, performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
22
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it is unclear which siloxanes and to what extent they may be present at trace levels in impregnation
agents or remain in textile products.26,27
Table 3. Siloxanes that are manufacturing intermediates in the production of polydimethylsiloxanes (PDMS)
and may appear as impurities in commercial PDMS28.

Out of these commercially used siloxanes, D4, D5, and MM (or HMDS) are chemicals produced in
high volumes at several locations worldwide. The widespread use of siloxanes and their broad
application, high volatility and potential for toxic effects have raised concerns about these
compounds. Recent studies indicate that they are widespread in the environment, but are found
mostly in urban areas and in the aquatic environment.29 They can be found in personal care products
(such as cosmetic products, and skin and hair care products) and household/industrial cleaning
products.

26

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
Waterproof and Water Repellent Textiles and Clothing, 2018 Elsevier
28 Stockholm Convention, 2016. Draft consolidated guidance on alternatives to perfluorooctane sulfonic acid and its related
chemicals
29 Stockholm Convention, 2016. Draft consolidated guidance on alternatives to perfluorooctane sulfonic acid and its related
chemicals
27
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With regard to health assessment, siloxanes are volatile and most exposures will occur by
inhalation30. Concerning the CLP hazard classification, D4 is the only siloxane having a harmonised
classification, specifically D4 is suspected of damaging fertility (Repr. 2: H361f).
Regarding persistence in environment, D4 and D5 are very persistent and very bioaccumulative
(vPvB). In 2015 United Kingdom submitted a proposal to the European Chemicals Agency (ECHA) for
a REACH Restriction of D4 and D5 in personal care products that are washed off due to their vPvB
properties31, demonstrating the need to address the risks to the environment posed by the use of D4
and D5 when discharged into waste water. The Annex XV Restriction Report identifies the possible
exposure scenarios with relevant emissions of D4 and D5 to waste water, and refers that the
environmental emissions of the “Use in textile applications” are negligible (report page 35). This
proposal to restrict the use of D4 and D5 in personal care products that are washed off has been
accepted in 2016 and the restriction will enter into force in 202032.
Since it is unclear which siloxanes and to what extent they may be present as trace levels in the DWOR
commercial product, we will not take into account the possible existence of such impurities from
the manufacturing process of the DWOR active ingredient.
In the case of formulations where the active DWOR ingredient was a silicone, the
substances selected for the hazard assessment were PDMS.

DWOR Products based on Dendrimers
Dendrimer based repellent chemistry is a relatively new field of repellent chemistry. Dendrimers are
repetitively branched molecules with tree-like structures. The term “dendrimer” merely gives
indications about the physical structure, not about the chemical composition of the repellent33. The
field of dendritic molecules can be roughly divided into low-molecular weight and high-molecular
weight species. The first category includes dendrimers and dendrons, and the latter includes
dendronized polymers, hyperbranched polymers, and the polymer brush.
Historically, dendrimers have been used in the fields of genetics, medicine, biology and chemistry. In
textile chemistry, finishes containing dendrimers are applied to fabrics to impart water and oil

30

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
(2015) D4, D5 REACH ANNEX XV RESTRICTION REPORT - PROPOSAL FOR A RESTRICTION
32
COMMISSION REGULATION (EU) 2018/35 of 10 January 2018: http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32018R0035&from=EN
33 Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
31
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repellency properties. In this field, dendrimers are being developed to imitate the ability of the lotus
blossom to repel water.34
Dendrimeric DWORs are based on hyperbranched polymeric structures that consist of ester or
polyurethane segments. They are synthesised in a multistep synthesis and emulsified in water. During
drying on the textile the highly branched polymers self-organize forming a continuous polymeric film
on the surface35.

Figure 7. DWR based on dendrimers

The DWOR selected in MIDWOR-LIFE – PRODUCT_7 – is reported to consist on a mixture of long and
hyperbranched polymers with dendritic structure, that form a large surface resembling a coral or a
treetop. Hydrophobic polymer end groups allow water and other aqueous liquids to simply roll off.

In the case of the PRODUCT_7 product, the substance selected for the hazard assessment was the
Dendrimer.

DWOR Products based on Wax/Paraffin
Paraffin/wax is a white or colorless soft solid that consists of a mixture of long chain alkanes (linear
hydrocarbons with between twenty and forty carbon atoms), with the general molecular formula
CnH2n+2.

34

Stockholm Convention, 2017. Risk management evaluation on PFOA, its salts and PFOA-related compounds.
performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
35 Holmquist et al. 2016. Properties,
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Paraffin has a variety of practical uses in industries such as medicine, agriculture and cosmetics. In
textile chemistry, paraffinic repellents are applied to repeal water (they do not repeal oil) they are
generally not (very) durable to laundering and dry cleaning. Additionally, fabrics treated with
paraffin-based finishes are less permeable to air and vapour, resulting in a poorer wear comfort
unless further refinement of the finishing occurs. Wash resistance, breathability, and soft handling
can be improved by adding cross-linking agents such as isocyanates for fixation on the fibre36.
In this class of DWOR finishes, the dense packing of the paraffinic alkyl groups strongly depends on
alkyl chain length and the structure of the polymeric backbone. But this information could not be
retrieved for the specific paraffin-based DWOR products selected in MIDWOR-LIFE.
In contrast to side-chain fluorinated polymer DWOR products, hydrocarbon DWORs have a high
chance of complete biodegradation over time. However, the degradation pathways of state-of-theart hydrocarbon DWORs are not fully understood and further investigations are required to obtain
knowledge about their relevancy as a mechanism of release of environmental pollutants37. For the
purposes of this project, and taken into consideration the knowledge gaps on the degradation
pathways, we will assume that complete biodegradation occurs and that no relevant degradation
product contributes to the hazardous properties of this DWOR products.

Figure 8. DWOR based on Wax/Paraffin

36

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
performance and associated hazards of state-of-the-art durable water repellent (DWR)
chemistry for textile finishing, Environment International, Volume 91, Pages 251-264.
37 Holmquist et al. 2016. Properties,
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In the case of formulations where the active DWOR ingredients was a wax/paraffin, the
substances selected for the hazard assessment was linear aliphatic hydrocarbons (Paraffin).

Step 3: Compilation of toxicological and ecotoxicological data of the selected substances for hazard
assessment
The compiled information on each selected substance for hazard assessment is presented in Annex I
and summarized in the present section.
Hazard profile for PFOA and PFOS, as selected substances for the hazard characterization of C8-side
chain fluorinated polymer DWORs.
PFOA (CAS Number: 335-67-1) has a harmonised CLP classification (see Table 4). It is a substance in
the SVHC Candidate List and is included in the Restriction List (REACH Annex XVII). It is a preregistered substance but no registration dossier has been submitted for the substance.
Table 4. Harmonized CLP classification for PFOA.
Hazard Class and
Category Code

Hazard Statement
Code

Acute Tox. 4
Eye Dam. 1
Acute Tox. 4
Carc. 2
Lact.
STOT RE 1
Repr. 1B

H302
H318
H332
H351
H362
H372 (liver)
H360D

The 8-hour time weight average (TWA) occupational exposure limit (OEL) for PFOA is 0.005 mg/m3 in
different countries that have derived OELs for this substance38.
This substance has been studied in numerous toxicological tests of durations ranging from acute to
chronic in both rodent and non-rodent species. Developmental toxicity studies are available, as well
as mutagenicity tests. In addition, some valuable hazard data has been derived from epidemiological
studies. Altogether, the toxicological data compiled is consistent with the harmonized CLP
classification.
In addition to the hazards identified in the CLP classification, PFOA are extremely persistent in the
environment (abiotically and biotically) and they bioaccumulate in particular in mammals and birds,

38

Source: Based on GESTIS International Limit values Database.
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despite not fulfilling the traditional bioaccumulation criteria based on bioconcentration in fish. They
are not very toxic to aquatic organisms based on standard toxicity endpoints over three trophic levels
(OECD, 2008), but there are indications that they have certain endocrine disrupting properties and
they have high developmental and organ specific toxicity (BAuA, 2013; ECHA, 2011; OECD, 2008;
Vierke et al., 2012). Also, results from microcosm and mesocosm test (Hanson et al., 2005; Sanderson
et al., 2003; Sanderson et al., 2004) indicate that ecotoxicity may manifest at lower concentrations.
Altogether, Annex XV concluded that they fulfill the vPvB criteria.
PFOS (CAS Number: 1763-23-1) has a harmonised CLP classification (see Table 5). It is a pre-registered
substance but no registration dossier has been submitted for the substance.
Table 5. Harmonized CLP classification for PFOS.
Hazard Class and
Category Code

Hazard Statement
Code

Acute Tox. 4 *
Acute Tox. 4 *
Carc. 2
Lact.
STOT RE 1
Aquatic Chronic 2
Repr. 1B

H302
H332
H351
H362
H372
H411
H360D

The 8-hour time weight average (TWA) occupational exposure limit (OEL) for PFOS is 0.01 mg/m3 in
different countries that have derived OELs for this substance39.
This substance has been studied in numerous toxicological tests of durations ranging from acute to
chronic in both rodent and non-rodent species. Developmental toxicity studies are available, as well
as mutagenicity and carcinogenicity tests. Altogether, the toxicological data compiled is consistent
with the harmonized CLP classification.
Similarly to PFOA, PFOS are extremely persistent in the environment and they bioaccumulate. An
interesting difference is that PFOS has been shown to be toxic to aquatic wildlife with long lasting
effects.
Hazard profile for PFHxA and PFHxS, as selected substances for the hazard characterization of C6–
side-chain fluorinated polymers and C6-related compounds

39

Source: Based on GESTIS International Limit values Database.
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PFHxA (CAS Number: 307-24-4) does not have harmonised CLP classification. It is notified40 in the
C&L Inventory (see Table 6) with the classifications provided by the companies. It is a pre-registered
substance but no registration dossier has been submitted for the substance.
Table 6. Notified CLP classification for PFHxA.
Hazard Class and
Category Code

Hazard Statement
Code

Number of
Notifiers

Skin Corr. 1B
Met. Corr. 1
Eye Dam. 1
Acute Tox. 3
Acute Tox. 3
Acute Tox. 2

H314
H290
H318
H301
H311
H330

29
1
1
1
1
1

No occupational exposure limit (OEL) has been set for PFHxA.
This substance has been studied in numerous toxicological tests of durations ranging from acute to
chronic in rodents, and developmental toxicity studies. In addition, there are some studies on
mutagenicity and cytotoxicity, although inconclusive regarding if the toxicity increases or not with
the chain length. Altogether, the toxicological data compiled is consistent with the notified CLP
classification.
PFHxS (CAS Number: 355-46-4) is not notified in the C&L Inventory, no registration dossier has been
submitted for the substance, neither occupational exposure limit (OEL) has been set. However it is in
the SVHC Candidate List due to their very persistent and very bioaccumulative (vPvB) properties. This
identification is due to a read-across approach with long-chained perfluorinated substances (see
more information in Annex I).
There is a general data gap over toxicological and environmental effects of short chain perfluoroalkyl
substances (PFASs). Often results are based in conclusions extrapolated from the long-chain
analogues far more studied. The short-chain alternatives are as persistent in the environment as the
long-chain homologues, but do not bioaccumulate to the same extent as the long-chain substances,
as they are excreted more rapidly from the organisms studied41.
With regard to environmental effects, the short-chain PFASs are generally less toxic than the longchain analogues, however, the toxicity of short-chain PFAS is not thoroughly studied or well described

40

The ‘Notified classifications’ are the information provided by the companies regarding its sef-classification of the
substances and publically available in the C&L Inventory. There is uncertainty if these classifications notified by the
companies are affected by impurities or additives. Furthermore, when a substance is reported as ‘Not classified’, does not
imply that it is not really associated with a specific hazard, but that it could imply the lack of enough data to perform an
assessment of its effects on human health and the environment.
41 Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl substances
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and there are examples of exceptions to the general picture. There are indications that short-chain
PFASs may have higher endocrine disrupting potential than the long-chain42.
With regard to human health aspects, the short-chain PFASs are generally less toxic than the longchain analogues, but some studies show that PFHxS is much more liver toxic than PFOS43. The blood
elimination half-lives and the renal elimination half-lives of PFAs decrease with shorter chain length.
An exemption is PFHxS, which has a longer half-life in humans than PFOA and PFOS. In animal
experiments the acute toxicity of short-chain PFAS is low.
Hazard profile for PDMS, as selected substances for the hazard characterization of Silicones
PDMS (CAS Number: 63148-62-9) does not have harmonised CLP classification. It is notified in the
C&L Inventory (see Table 7) with the classifications provided by the companies. It is a pre-registered
substance but no registration dossier has been submitted for the substance.
Table 7. Notified CLP classification for PDMS.
Hazard Class and Category
Code

Hazard Statement Code

Number
Notifiers

Not Classified
Aquatic Chronic 4
Eye Irrit. 2
Aquatic Chronic 2
Repr. 2
Skin Corr. 1A
Eye Dam. 1
Flam. Liq 3
Aquatic Chronic 3
Skin Irrit. 2
Acute Tox. 1
STOT RE 2
Acute Tox. 2

-H413
H319
H411
H361
H314
H318
H226
H412
H315
H300
H373
H300

688
356
146
24
13
13
13
26
11
9
1
1
1

of

No occupational exposure limit (OEL) has been set for PDMS.
PDMS were evaluated in a comprehensive monograph published by the European Centre for
Ecotoxicology and Toxicology of Chemicals (ECETOC, 201144), along with other studies and the
conclusions were that they pose little or no risk to the environment or human health, which is
consistent with the majority of notified CLP classifications.

42

(Weiss et al. 2009) as cited in Danish EPA 2015, Short-chain Polyfluoroalkyl Substances (PFAS).
(Lau et al. 2007; Wolf et al. 2008) as cited in Danish EPA 2015, Short-chain Polyfluoroalkyl Substances (PFAS).
44 ECETOC (2011). Linear Polydimethylsiloxanes Cas no. 63148-62-9 (Second Edition). http://www.ecetoc.org/wpcontent/uploads/2014/08/JACC-055-Linear-Polydimethylsiloxanes-CAS-No.-63148-62-9-Second-Edition.pdf
43
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Hazard profile for the Dendrimer present in the commercial product, as selected substance for the
hazard characterization of the Dendrimer-based DWOR.
There is no information available regarding chemical structure of the dendrimer present in
PRODUCT_7, neither in bibliographic sources for any other dendrimer-based DWORs. In a review
regarding non fluorinated DWOR alternatives in textiles45, the conclusion was that there is
insufficient information on Dendrimer-based repellents to conduct a hazard assessment. Therefore
in the case of the PRODUCT_7 product, the information selected for the hazard profile was the C&L
information of the Dendrimer (see Table 8) as it is stated in the SDS of the commercial product (Please
note that this follows a different approach with respect to the other DWORS used in MIDWOR-LIFE).
Table 8. CLP classification for the Dendrimer in PRODUCT_7.
Hazard Class and
Category Code

Hazard Statement
Code

Skin Irrit. 2
Eye Irrit. 2

H315
H319

Hazard profile for paraffin, as selected substance for the hazard characterization of the paraffinbased DWOR.
The SDS from the commercial product (PRODUCT_8) does not indicate the CAS number, neither most
of bibliographic sources referring to paraffin used as DWORs in textile sector. Generally the term
“Paraffin wax” is associated to the CAS number 8002-74-2.
Paraffin (CAS Number: 8002-74-2) is registered in REACH. It is notified in the C&L Inventory as Not
classified by the vast majority of classifications (1842 out of 2034 notifications) provided by the
companies. The 8-hour time weight average (TWA) occupational exposure limit (OEL) is 2 mg/m3 in
different countries that have derived OELs for this substance.
Paraffin consist on mixtures of long chain alkanes (linear aliphatic hydrocarbons), which are generally
agreed in bibliographic sources as harmless in their pure form, which is consistent with the majority
of notified CLP classifications.

3.2. Comparative ecotoxicological hazard of DWOR alternatives
As described in section 2, the exposure scenarios under the scope of the MIDWOR-LIFE project are
the formulation of DWOR dispersions and the industrial use of DWORs at workplace. These scenarios

45

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
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are not considered main contributors to environmental hazards of DWOR active ingredients,
therefore, the risk assessment focused on the evaluation of risks for workers rather than the
environment. An environmental risk assessment as such, would not have been possible within the
framework of this project as this would require detailed information on both the hazard profile and
the exposure levels. Environmental exposure levels derived from the production activities under
consideration would have been very challenging to predict.
The LCA analysis (presented in MIDWOR-LIFE Deliverable B.3) provides a comparative assessment of
the environmental risks of the different alternatives. In addition, to complement this information, we
present in this section a comparison of the hazard profile of the different DWOR active ingredients.
Table 9 summarizes the data obtained in the previous section 3 regarding intrinsic environmental
hazards and persistence and bioaccumulation properties of the DWORs selected in MIDWOR-LIFE
project. On the basis of this information, a qualitative ranking of their environmental hazards is
obtained.
Table 9. Summary of the DWOR active ingredients, the substances selected for hazard assessment and the
correspondent environmental hazard profile.
Chemical family of
the DWOR active
ingredient

Substance for the
hazard assessment

PFOA
Polymer based on
C8
PFOS

Polymer based on
C6

C6
related
compound

PFHxA

PFHxS

Silicone

PDMS

Dendrimer

Dendrimer

Wax / Paraffin

Wax / Paraffin

Environmental Hazard profile of the
Substance for hazard assessment
Toxicity: Not Classified (HARM. CLASS. but
Not Classified for environmental hazards)
Persistent: Yes (very)
Bioaccumulative: Yes (very)
Toxicity: HARM. CLASS: Aquatic Chronic 2
(H411)
Persistent: Yes (very)
Bioaccumulative: Yes (very)
Toxicity: Not Classified by the majority of
Notifications
Persistent: Yes (very)
Bioaccumulative: Yes (very)
Toxicity: No Notified classifications
Persistent: Yes (very)
Bioaccumulative: Yes (very)
Toxicity:
 Majority of Notifications: Not Classified
 Other Notifications: Aquatic Chronic 4
(H413), Aquatic Chronic 2 (H411).
Persistent: Yes
Bioaccumulative: No
Toxicity: Not classified
Persistent: No
Bioaccumulative: No
(according to the SDS of the commercial
product)
Toxicity: Not Classified by the Notifications
Persistent: No
Bioaccumulative: No
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4.

OCCUPATIONAL QUALITATIVE RISK ANALYSIS

4.1

Introduction to the Occupational qualitative risk analysis methodology

The data obtained in the previous section on hazard assessment has been used for the risk
assessment analysis. Information about exact chemical structures of commercialized DWORs and
other parameters determining hazard (e.g., presence of unreacted monomers in the case of
polymers) as well as key quantitative information to derive exposure estimates (e.g., generation of
polymer degradation products during the padding process) was scarce. Therefore, we considered
that a quantitative risk estimation was not feasible and instead a qualitative approach was used
based on a control banding methodology.
4.2
Description of the control banding approach used for the comparative risk assessment of
DWOR alternatives: Stoffenmanager.
Control banding is a generic risk assessment methodology applied in the management of risks at
workplace. An example of a control banding approach is the Stoffenmanager tool, selected to be
applied in this task. The control banding (CB) is based on a series of exposure determinants and
hazards that are relevant in occupational settings. This tool is helpful particularly in situations where
information on hazards and exposure levels are limited.
A hazard band was assigned to each DWOR formulation, based on the hazardous properties of the
active DWOR ingredient, as described in section 3. This information together with data on the
industrial processes under consideration and the material characteristics are used by the software to
derive a control band. The Stoffenmanager inhalation exposure model is based on the sourcereceptor approach by Cherrie (Cherrie et al, 1999). The most important determinants of exposure
are task, local control measures, general ventilation and product characteristics. These are scored on
a logarithmic scale (Marquart et al, 2008). The result is a risk prioritisation score for the product,
which is achieved by combining the hazard class and the exposure class to produce a risk score.
The tool is freely available as a module within the web-based generic Stoffenmanager risk-banding
tool (www.stoffenmanager.nl). Stoffenmanager was initially developed as a control banding tool for
SME’s to prioritize their health risks of working with hazardous products in the working place and to
determine effective control measures. To arrive at a risk priority Stoffenmanager combines hazard
information of a product with an estimate of exposure by inhalation or skin contact. If risks are
identified control measures can be selected.
HAZARD BANDING APPROACH
The hazard band of each substance is based on the Hazard (H) statements assigned to substances
during classification by suppliers under CLP (see Section 0). The original hazard bands are described
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by Brooke (1998). A few modifications have been made since that publication to accommodate
changes in the European Directives.
EXPOSURE BANDING APPROACH
Stoffenmanager is based on the ideas published by Cherrie et al. (1996) and further developed by
Cherrie and Schneider (1999). These ideas are used and adapted in several ways. The exposure
algorithm follows a source-receptor approach and incorporates modifying factors related to source
emission and dispersion of contaminants. Exposure is represented as a multiplicative function of type
of handling, intrinsic properties of the product, local controls and general ventilation. The modifying
factors are as follows according to the figure below.

Figure 9. Exposure determinants involved in calculating exposure band

Cherrie et al. (1996) made categories, running from “none” to “very high” for each parameter and
given these categories a score on a logarithmic scale, running from 0 through 0.03, 0.1, 0.3, 1 and 3
to 10. A score of 1 is considered ot be the default value that leads to a certain concentration. Values
> 1 indicate situations with increased exposure and values < 1 situations with reduced exposure.
The Stoffenmanager exposure model is used to categorize scenarios in relative exposure bands which
are derived by multiplication of relative multipliers (on a logarithmic scale) for the various modifying
factors using the following exposure algorithm.
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Equation 1. Exposure algorithm used to categorize scenarios in relative exposure bands

Where:
B: exposure score (arbitrary units)
Cnf : concentration score due to near field sources
Cff : concentration score due to far field sources
Cds : background concentration score due to diffusive sources
ηimm : multiplier for the reduction of exposure due to control measures at the worker
ηppe : multiplier for the reduction of exposure due to use of personal protective equipment
t: multiplier for duration of the handling
f: multiplier for frequency of the handling
E: intrinsic emission multiplier
H: handling (or task) multiplier
ηlc_nf : multiplier for the effect of local control measures (near field)
ηlc_ff : multiplier for the effect of local control measures (far field)
ηgv_nf : multiplier for the effect of general ventilation in relation to the room size on the exposure
due to near-field sources
ηgv_ff : multiplier for the effect of general ventilation in relation to the room size on the exposure
due to far-field sources
a: multiplier for the relative influence of background sources
The exposure algorithm distinguishes near-field emissions (1m of the worker) from far-field
emissions because a source of emission that is relatively far from the worker has a lower influence
on the worker´s personal exposure than a source very close to the worker.
The final qualitative exposure score is assigned to an exposure band (1-4) on the logarithmic scale.
The following parameters are needed as input data for the establishment of an exposure band with
the Stoffenmanager:
Physical state of the substance (solid or liquid)
Whether there are activities involving articles (solid objects) that may cause emission of dust
Vapour pressure of liquids (used directly) or dustiness (solid articles, firm granules or flakes,
granules or flakes, coarse dust, fine dust, extremely dusty products)
Quantity of the substance used, frequency and duration of exposure
Type of dust emitted from solid objects (presently only stone or wood)
Percentage of the substance(s) in the product
Level of dilution of liquid products (undiluted equal to 100%)
Handling category
Local controls (including local exhaust ventilation (LEV) and containment)
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Distance of the worker from the source (within one meter or not)
Presence of secondary emission sources:
o
Other workers using the same substance simultaneously
o
A period of drying or hardening after the activity (with prolonged emission of vapours)
Room volume
General ventilation
Emission control measures (control rooms)
Personal protective equipment used
Information on whether the work area is regularly cleaned and the machinery and equipment
inspected and kept in good order.
RISK BANDING APPROACH
The results from the hazard and exposure banding steps are combined in the Stoffenmanager to
produce risk bands. The Stoffenmanager only provides a relative ranking of risks. No quantitative
comparision between exposure levels and hazard levels is made because both exposure and hazards
are only classified in relative bands. The result of the risk banding is therefore three “priority bands”
according to the figure below46.
Hazard Band
A

B

C

D

E

1

3

3

3

2

1

2

3

3

2

2

1

3

3

2

2

1

1

4

2

1

1

1

1

Exposure Band

Figure 10. Priority bands in the Stoffenmanager. Hazard: A=lowest hazard and E= highest hazard. Exposure: 1= lowest
exposure and 4=highest exposure. Overall result: 1= highest prioriry and 3=lowest priority.

The classification of situations into priority or risk bands is based on the bands of hazard and
exposure. Allocation into risk bands was done in such a way that exposure to very high hazard
substances, such as carcinogenic substances or substances that lead to respiratory sensitization,
would lead to a high priority, unless the exposure was very limited (leading to medium priority). The
intention is to ensure that these substances and their use and control are considered specifically and
in more detail by the user and to encourage the substitution by less dangerous substances. Also, very
high exposures should generally lead to high priority, unless the hazard of the substances is very low.
46

“Stofenmanager”, a Web-based Control Banding Tool Using an Exposure Process Model, Ann. Occup. Hyg. Vol. 52. No.
6, pp. 429–441, 2008. Hans Marquart, Henri Heussen, Maaike Le Feber, Dook Noy, Erik Tielemans, Jody Schinkel, John
West and Doeke Van Der Schaaf.
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The further allocation was done to ensure a generally increasing risk band with increasing
combination of exposure and hazard.

4.3

Exposure scenarios of the identified process steps

Once the systems boundaries of the MIDWOR-LIFE project were set, the second step was to identify
the relevant exposure scenarios based on the laboratory pilot-scale trials carried out in LEITAT.
Key exposure scenarios were identified representing the existing processes in the finishing textile
industries selected for the industrial demonstration. Moreover, scoping site visits to some partner´s
premises were carried out in order to collect further information on relevant exposure scenarios at
the site. Four critical exposure scenarios47 were identified for which exposure was expected to be
relevant. According to the figures below, the identified critical ES are:
-

ES 1: Formulation of DWOR dispersion
ES 2: Filling finishing machine
ES 3: Impregnation treatment (padding application)
ES 4: Drying process (including curing)

It is important to mention that these identified tasks were defined on the basis of the laboratory
pilot-scale trials carried out in LEITAT representing the existing processes in the finishing textile
industry but these were modified/extended where the industrial demonstration took place.
It should also be kept in mind that the selection of the determinants of exposure were selected based
on the major exposure route in the occupational settings. Inhalation and dermal route were
considered to be the main routes of exposure while oral exposure was considered less important,
commonly arising from accidents or bad practices, and was not further considered.
The worker exposure template used for the exposure data collection on the MIDWOR-LIFE exposuresignificant tasks is listed below.
Table 10. Occupational exposure determinants template collected on the MIDWOR-LIFE exposure-significant tasks
STEP 1: NAME OF THE TASK
DWOR Product Name (Commercial Brand):
Brief description of the task (where the DWOR
is handled)
Scale

-

Lab
Pilot
Industrial

47

Identification of initial key stages likely to be worker´s exposure significant based on laboratory pilot-scale trials carried
out in LEITAT.
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STEP 2: PRODUCT CHARACTERISTICS
Physical state of the product

-

If the Product is being used in diluted form,
indicate the percentage of the product in the
solution
If in liquid form, please indicate the viscosity

Solid
Liquid
Low (like water)
Medium (like oil)
High (like paste)
Pure product (100%) (100% is undiluted)
Main component (55-99%)
Substantial (10-50%)
Small (1-10%)
Very small (0,1 – 10%)
Extremely small (< 0,01%)

Molecular weight
Vapour Pressure (Pa or hPa)
Water solubility (mgL-1)
Partition coefficient octanol-water (or
Log(Kow))
Biodegradability test result
STEP 3: EXPOSURE FACTORS
Process category

Activity class of the production

Characterize your task

-

Impregnation treatment – Padding application
Others – Please specify

Duration of the activity/process48
Frequency of the activity (e.g. number of times the task/activity is done a week/month/year).
Is the task being carried out in the breathing zone of an employee (distance head-product <1 meter)

24h
4 to 8 h/day
2 to 4 h/day
0.5 to 2 h/day
1 to 30 min/day
4 to 5 days a week
2 to 3 days a week
Approx. 1 day a week
Approx. 1 day per 2 weeks
Approx. 1 day a month
Approx. 1 day a year
Yes
No

Is there more than one employee carrying out the same task simultaneously?
-

Yes
No

Is the task followed by a period of evaporation,
drying or curing?
Other secondary sources in the room that can
release particles to air (processes at high
temperatures…., workers..)

-

Yes
No

-

Yes– Please specify
No

-

Grams per hour(s) (laboratory scale)
Few kilograms per hour(s) (pilot plant)
> 102 Kg per hour(s) (industrial)

Number of exposed employees
Production or usage volume per task

48

If a task is performed more than once per day, estimate the total duration of the task during the work day (e.g. a task
is being performed 4 times a day, the average task duration of each task is 10 minutes, the total duration then is 40
minutes corresponding with category 0,5-2 hours per day).
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STEP 4: WORKING AREA
Is the working room being cleaned daily?

-

Are inspections
and
maintenance
of
machines/ancillary equipment being done at
least monthly to ensure good condition and
proper functioning and performance?
Volume of the working room
Ventilation of the working room
-

Yes
No
Yes
No
< 100 m3
100 – 1000 m3
volume > 1000 m3
Work performed outside
No general ventilation
Mechanical and/or natural ventilation
Activity performed in Spraying cabin

STEP 5: LOCAL CONTROL MEASURES AND PERSONAL PROTECTIVE EQUIPMENT

Local control measures

Is the employee situated in a cabin?

Is personal protective equipment applied?

No control measures at the source
Use of a product that limits the emission (wetting a powder,
spraying of water)
Local exhaust ventilation (LEV) (removal of air at the source
of emission)
Containment of the source (the source if fully contained, but
no LEV)
Containment of the source + LEV
Gloves boxes/bags (permanent encapsulation of the source
with LEV)
The worker does not work in a cabin
The worker works in a cabin without specific ventilation
system
The worker works in a separated (control) room with
independent clean air supply
None
Filter mask P2 (FFP2)
Filter mask P3 (FFP3)
Half-mask respirator with filter, type P2L
Half-mask respirator with filter, type P3L
Full-mask respirator with filter, type P2L
Full-mask respirator with filter, type P3L
Half/full-face powered air respirator TMP1 (particulate
cartridge)
Half/full-face powered air respirator TMP2 (particulate
cartridge)
Half/full-face powered air respirator TMP3 (particulate
cartridge)
Full-face powered air respirator TMP3 (particulate cartridge)
Hood or helmet with supplied air system TH1
Hood or helmet with supplied air system TH2
Hood or helmet with supplied air system TH3

Are you using any other personal protective
equipment? Non-woven protective suit, gloves,
safety shoes, ...

Yes– Please specify
No

The worker exposure questionnaire was distributed to all industrial partners to gather information
on the processes using DWORs to understand the potential exposure to them. The questionnaire
was designed to be self-explanatory, quick and easy to complete. In addition, a scoping site visit to
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some partner´s premises was carried out in order to collect further information on the relevant
exposure scenarios at the site.
Therefore, the estimation of the exposure bands were based on these determinants. Parameters
related to the specific processes under the different case studies are accurately defined in sections
4.3.1 to 4.3.6 according to the different industrial settings (operational conditions (OC) and risk
management measures (RMM)).
The exposure determinants that were used as input parameters for the Stoffenmanager were
compiled according to Table 9 during visits at each of the sites. For confidentiality reasons the
description of the processes in each of the participating industrial partners will not be disclosed in
this document.
Table 11. Selected DWORs and fabrics for industrial application

GENERAL COMPOSITION

PRODUCT_1

- (CF2)8 - CF3 (LongPFOA, PFOS
chain fluorocarbons - C8)

100% WO
Woven

180 g/m2

Fashion
fabric

PRODUCT_3

- (CF2)6 - CF3 (Short100% WO
PFHxA, PFHxS
chain fluorocarbons - C6)
Woven

180 g/m2

Fashion
fabric

PRODUCT_1

- (CF2)8 - CF3 (LongPFOA, PFOS
chain fluorocarbons - C8)

100% PES
Knitted

Sportswear
175 g/m / workwear
fabric

100% PES
PFHXA, PFHXS
Knitted

Sportswear
175 g/m / workwear
fabric

Dendrimer

100% PES
Knitted

Sportswear
175 g/m / workwear
fabric
Sportswear
175 g/m /workwear
fabric

PRODUCT_5

PFSi

ACTIVE
SUBSTANCE

FABRIC SELECTION
COMPOSITION WEIGHT SECTOR

Product
Number

2

2

2

PRODUCT_7

DENDRIMER

PRODUCT_1

- (CF2)8 - CF3 (Longchain fluorocarbons C8)

PFOA, PFOS

100% PES
knitted

PRODUCT_4

- (CF2)6 - CF3 (Shortchain fluorocarbons C6)

PFHxA, PFHxS

100% PES
Knitted

Sportswear
175 g/m2 /workwear
fabric

PRODUCT_1

- (CF2)8 - CF3 (Longchain fluorocarbons C8)

PFOA, PFOS

100% wool
Woven

Fashion /
180 g/m Fabric for
suits
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Product
Number

GENERAL COMPOSITION

ACTIVE
SUBSTANCE

FABRIC SELECTION
COMPOSITION WEIGHT SECTOR

PRODUCT_3

- (CF2)6 - CF3 (Shortchain fluorocarbons C6)

PFHxA, PFHxS

100% wool
Woven

Fashion /
180 g/m2 Fabric for
suits

PRODUCT_7

Dendrimer

Dendrimer

100% wool
Woven

Fashion /
180 g/m2 Fabric for
suits

PRODUCT_1

- (CF2)8 - CF3 (Longchain fluorocarbons C8)

PFOA, PFOS

100%
polyester –
punching
nonwoven

210
g/m2

Automotive
/ Fabric for
carpets

PRODUCT_2

- (CF2)6 - CF3 (Shortchain fluorocarbons C6)

100%
polyester –
PFHxA, PFHxS
punching
nonwoven

210
g/m2

Automotive
/ Fabric for
carpets

PDMS

100%
polyester –
punching
nonwoven

210
g/m2

Automotive
/ Fabric for
carpets

PRODUCT_6

SILICONE

PRODUCT_1

- (CF2)8 - CF3 (Longchain fluorocarbons C8)

PFOA, PFOS

100% PES
woven

Upholstery
250 g/m /Fabric for
sofas

PRODUCT_4

- (CF2)6 - CF3 (Shortchain fluorocarbons C6)

100% PES
PFHxA, PFHxS
woven

Upholstery
250 g/m / Fabric for
sofas
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Industrial applications
All products applied in industrial demonstration sites used padding machines (foulard technique).
Padding is a conventional technique in which the fabric is submerged in a textile auxiliary bath and
then squeezed between two squeeze rollers by setting a certain pressure and speed to avoid surplus
of product on the textile. After the application of the chemical finish, the fabric is dried to eliminate
the water and cured to fix the finishing on the fiber surface.

Figure 11. Industrial scheme of stenter with padding on-line.

The amount of finishing solution or emulsion applied is referred to as the wet pick-up of the fabric
and is usually expressed as a weight percentage on the dry untreated fabric.
The process parameters were varied taking into account the supplier recommendations and the pilot
scale trials carried out in LEITAT´s laboratories in order to determine the best conditions to achieve
the highest water and oil repellency. Parameters such as padding velocity, padding pressure, drying
and curing temperatures and product concentration were studied. Those are reported at deliverable
B1.1.
Several exposure scenarios were identified according to the intrinsic characteristics of each demo
site. In all cases, the padding process was identified as a relevant exposure scenario, whereas the
formulation of the product (dilution in water) was also identified as a relevant exposure scenario for
only some of the industrial sites. Other exposure scenarios initially considered as relevant for the
simulations performed at Leitat: i.e., filling of the finishing machine, and the drying process, where
not considered as relevant for the industrial sites evaluated.
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4.4

Results of the occupational qualitative risk assessment analysis

Occupational qualitative risk assessment analysis was carried out using the last version of
Stoffenmanager model for each of the different case studies described below in order to get an
estimated risk band associated to the DWORs active ingredient.
Individual results for each Industrial Site are not presented due to confidentiality. A summary table
is included.
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Table 12. Summary of global results for inhalation and dermal risk assessment by DWOR product

Product

Chemical
family of the Substance for Concentration Critical
DWOR
the
hazard of substance in exposure
active
assessment
product
scenarios
ingredient

PFOA
1

3

Eyes Inhalation

Polymer
based on C6

B

PFHxA

Stoffenmanager Exposure Class Risk Class

Skin
Skin
Inhalation
(Local) (uptake)

0.6%*

Polymer
based on C8
PFOS

2

Stoffenmanager Hazard Class

D

-

D

0.6%*

0.6%*

4

Dilution of
the
product /
Application
process by
padding

B

-

-

-

5

C6 related
compound

6

Silicone

PDMS

Irrelevant

B

-

-

-

7

Dendrimer

Dendrimer

5-15%

C

B

A

-

PFHxS

0.6%*
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Skin
Skin
(Local) (uptake)

1-2
(depends
on
industrial
setting due
to
differences
in
operational
4
conditions:
duration
and
frequency
of activity
and
product
use
volume)

INH

Skin (L)

IIIII - Low
Moderate

Skin (UPT)

II
Moderate

1
(provided
III - Low
gloves
are used)

III - Low
III - Low

IIIII - Low
Moderate
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5.
GENERAL CONCLUSIONS
The comparative risk assessment of the different DWOR formulations evaluated shows that in terms of
risks to workers by the inhalation route, the highest risk arises for the conventional C8 based polymers
(Table 12). This outcome is highly dependent on the assumptions related to the amount of unreacted
monomer or degradation products present in each of these formulations. If we had assumed lower
concentration values, also the formulations based on the conventional DWOR would have been
associated to a final low risk. Some differences in the exposure class were found across different
industrial sites, mostly associated to the duration and frequency of the activity.
In terms of risks for local effects on the skin, one of the alternative formulations is associated to a
moderate risk, due to the fact that the DWOR active ingredient is classified as a skin and eye irritant. The
use of appropriate protective equipment would mitigate such risk. When considering the risk associated
to skin exposure and systemic uptake, the conventional DWOR is showing a moderate risk even when
the use of gloves is considered.
Altogether, it can be concluded that in terms of occupational health risk, and with the assumptions taken
in this assessment, the DWOR alternative products considered are safer than the conventional product.
This conclusion is mostly a consequence of the classification of PFOA and PFOS as CMR substances.
A comparative assessment of the environmental hazard profile of the different alternatives also shows
that most on the alternative DWORs are less hazardous than C8 based polymers (see section 3.2),
although in this case, C6-based polymers are at the same level as C8-based polymers. Indeed, the legal
situation of C6 has evolved along with the execution of the project. At the start of this project, C6 were
considered by the industrial partners as first line alternatives to C8-based polymers, as they were not
subject to the restrictions affecting C8-based polymers. However, at this moment, PFHxS is already in
the Candidate List and PFHxA is likely to be included in the near future. If only considering the dendrimer,
the wax and the silicone based DWORs, their environmental hazard profile is favourable in comparison
to the fluor-based DWORs.
It should be highlighted, that at the moment that the MIDWOR-LIFE project started, C6-based side-chain
fluorinated polymers were considered by industry as a first line alternative to the C8-based PFAS. Their
structural similarity was an advantage in terms of guaranteeing their technical performance. However,
this structural similarity was also an alert in terms of their potential hazard profile. Indeed, from the
07/07/2017 (month 24th of the MIDWOR-LIFE project), Perfluorohexane-1-sulphonic acid and its salts
were included in the Candidate List of substances of very high concern for Authorisation49. And
consequentely, C6-based PFAS should no longer be considered as alternative DWORs.

49

https://echa.europa.eu/candidate-list-table/-/dislist/details/0b0236e18184a0e1
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6.
Annex I: Compilation of toxicological and ecotoxicological data of the selected substances for hazard assessment
PFOA and PFOS
Classification
Substance
PFOA

CAS
number
335-67-1

EC number

EU Regulatory status - ECHA

CLP hazard classification (ECHA C&L Inventory)

206-397-9

https://echa.europa.eu/es/substanceinformation/-/substanceinfo/100.005.817

Harmonised classification - Annex VI of Regulation
(EC) No 1272/2008 (CLP Regulation):

Perfluoroocta
noic acid

.Harmonised CLP classification
.SVHC Candidate List
.Pre-registered (NO Registration dossiers
submitted for the substance)
.Restriction List – REACH Annex XVII50

50

Hazard Class and
Category Code
Acute Tox. 4
Eye Dam. 1
Acute Tox. 4
Carc. 2
Lact.
STOT RE 1
Repr. 1B

Hazard
Statement Code
H302
H318
H332
H351
H362
H372 (liver)
H360D

Entries 30 and 68 of Annex XVII (Restriction List) - restrictions on the manufacture, placing on the market and use of certain dangerous substances, mixtures and articles – which establishes
restriction on levels in products for supply to the general public.
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PFOS

1763-231

217-179-8

Perfluoroocta
ne sulfonate
.Perfluoroocta
ne sulfonic
acid

https://echa.europa.eu/es/substanceinformation/-/substanceinfo/100.015.618

Harmonised classification - Annex VI of Regulation
(EC) No 1272/2008 (CLP Regulation):

.Harmonised CLP classification
.Pre-registered (NO Registration dossiers
submitted for the substance)

Hazard Class and
Category Code
Acute Tox. 4 *
Acute Tox. 4 *
Carc. 2
Lact.
STOT RE 1
Aquatic Chronic 2
Repr. 1B

Hazard
Statement Code
H302
H332
H351
H362
H372
H411
H360D

.
*,** and *** concerns the translation from Directive 67/548/EEC to the CLP Regulation for the hazard classes indicated. Consult Regulation (EC) No 1272/2008 for the explanation.
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Occupational exposure limit values
SUBSTANCE NAME : Perfluorooctanoic acid (PFOA)
CAS number
: 335-67-1
Limit value- Short term

Limit value- Eight hours

Country

mg/m3

ppm

Germany (DFG)

0,005 inhalable aerosol

Japan - JSOH

0,005 (1)

Switzerland

0,005 inhalable aerosol

ppm

mg/m3
0,04 inhalable aerosol
0,04 inhalable aerosol

REMARKS
Germany (DFG) STV 15 minutes average value
Japan - JSOH (1) Not applicable to women of child bearing potential
Source: Based on GESTIS International Limit values Database

SUBSTANCE NAME : Perfluorooctanesulfonic acid (PFOS) and its salts
CAS number
: 1763-23-1

ppm

Germany (AGS)
Germany (DFG)
Sweden

Limit value- Short term

Limit value- Eight hours

Country

3

mg/m
0,01 inhalable aerosol

ppm

0,01 inhalable aerosol
200

Switzerland

900

mg/m3
0,08 inhalable aerosol (1)
0,08 inhalable aerosol (1)

300 (1)

0,01 inhalable aerosol

1400 (1)
0,08 inhalable aerosol

REMARKS
Germany (AGS) (1) 15 minutes average value
Germany (DFG) (1) 15 minutes average value
Sweden
(1) Short-term value, 15 minutes average value
Source: Based on GESTIS International Limit values Database

Toxicology data
PFOA

Acute
toxicity

Shortterm
exposure
s
/repeate

51

oral LD50 for adult rats of both sexes between 430 and 1800 mg/kg, with most
data in the lower end (Kennedy et al., 2004).
Newborn rats are twice as sensitive with oral LD50 about 250 mg/kg (The U.K.
Committee on Toxicity 2006).
Mice, oral LD50s are 457 mg/kg
Guinea pigs, oral LD50s are around 200 mg/kg
dermal acute toxicity - skin LD50 in rats - 7000 mg/kg
dermal acute toxicity - skin LD50 in rabbits - 4300 mg/kg
inhalation as dust, 4hLC50 - 0.98 mg/L
rat intraperitoneal LD50s - 189 mg/kg
NOAEL and LOAEL for liver effects (weight reduction) by PFOA in male rats
exposed by feeding in 13 weeks were 0.06 and 0.64 mg/kg bw/day, respectively
(Perkins et al., 2004).
LOAEL for monkeys in a six month study was 3 mg/kg/d. The only change was liver
enlargement (Butenhoff et al., 2002).

Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl substances
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d-dose
toxicity
Reprodu
ctive and
develop
mental
effects
Mutagen
icity
Carcinog
enicity

Carcinog
enicity

Irritation

PFOS

Acute
toxicity

(Mice, 2 weeks, target organ: liver) In mice the lowest LOAEL and NOAEL were
found to 0.3 mg/kg/day and 0.1 mg/kg/day (Nakumaru et al., 2009).
Dose-dependent growth deficits and reduced birthweight were observed in
offspring of pregnant mice which were exposed by gavage for PFOA during
gestation days 1-17. At exposures ≥ 5 mg/kg/d postnatal survival was also reduced
and eye-opening was delayed up to 2-3 days. The maternal LOAEL was determined
at 1 mg/kg bw/day and the foetal NOAEL was maternal exposure to 3 mg/kg
bw/day. (Lau et al., 2006; Wolf et al., 2007).
PFOA was non-mutagenic in the Ames test using five strains of Salmonella
typhimurium and in a single strain of Saccharomyces cerevisiae (Griffith and Long
1980).
Long-term animal bioassays have been conducted with CD rats belonging to a
strain that has a low spontaneous incidence of relevant tumours. The rats were
exposed to up to 300 ppm (corresponding to about 15 mg/kg/d) PFOA in the diet
for two years; hyperplasia and a dose-dependent increase in testicular Leydig cell
adenomas and increase of benign hepatocellular and pancreas tumours were
observed (Cook et al., 1992; Biegel et al., 1995; Liu et al., 1996; Biegel et al., 2001).
These tumours could be a result of peroxisome proliferation and endocrine
changes, because reduced aromatase activity and a sustained increase in serum
estradiol were observed. Nevertheless, US Environmental Protection Agency has
classified PFOA as an animal carcinogen (US EPA 2002).
Animal studies show that PFOA induce liver adenomas, Leydig cell adenomas, and
pancreatic acinar cell tumours (PACT) in male Sprague-Dawley rats (Sibinski et al.,
1987), and incidences of mammary fibroadenoma in the female rats (Biegel 2001).
Even though human PPARα does not seem to be involved in the induction of cell
proliferation in the liver (Klaunig et al., 2012), PFOA-induced rat liver tumours
cannot be regarded as irrelevant for humans. Further, since available data are
insufficient to characterize the mode of action for PFOA-induced Leydig cell
adenomas and pancreatic acinar cell tumours, the responses at these sites are
presumed to be relevant to humans.
PFOA caused moderate skin irritation in two studies; however, inadequate
information was provided regarding the quality of the studies. In one study where
the skin irritation was scored according to the Draize method, the primary
irritation scores were zero. Due to the equivocal results and limited information
available from some of these studies, it is difficult to draw conclusions regarding
classification of PFOA for skin irritation (Markoe, 1983; Griffith and Long, 1980;
Hazleto 1990).
PFOA caused eye irritation in two studies (Griffith and Long, 1980; Kennedy et al
1986).

oral rat LD50 - 250 mg/kg bw (3M 1999)
oral LD50 in newborn mice - 10 mg/kg bw/d (Lau et al., 2004)
The NOAEL for liver effects in male rats exposed for PFOS during 14 weeks feeding
was 5 mg/kg/d (Seacat et al., 2003)

52

.52

Ref.
.53

ANNEX XV RESTRICTION REPORT - SUBSTANCE NAME: Perfluorooctanoic acid (PFOA), PFOA salts and PFOA-related
substances https://echa.europa.eu/documents/10162/e9cddee6-3164-473d-b590-8fcf9caa50e7
53 Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl substances
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Shortterm
exposure

Reprodu
ctive and
develop
mental
effects

Cancer
and
mutageni
city

NOAEL for changes in thyroid hormone values (T3↓ and TSH↑) in a 6-month
monkey study was 0.15 mg/kg/d (Seacat et al., 2002)
PFOS did affect the neuroendocrine system in rats, when female rats were
injected intraperitoneally with 0, 1 and 10 mg PFOS/kg bw for two weeks (Austin
et al., 2003).
The immune system in mice seems to be highly sensitive to PFOS, and various
immune parameters were affected at much lower levels than expected B-cells
were identified as potential targets. The LOAEL in a 28 days’ oral mouse study was
0.05 mg PFOS/kg total administered dose
Exposure to PFOS during pregnancy in rats (1-10 mg PFOS/kg/d from gestation day
2-21) and mice (1-20 mg PFOS/kg/d from gestation day 1-18) indicated that in
utero exposure to PFOS severely compromised postnatal survival and caused
delay in growth and development accompanied by hypothyroxinemia in the
surviving pups (Lau et al., 2003).
In a two-generation reproduction study the NOAEL value in rats for PFOS was 0.1
mg/kg/d (Luebker et al., 2005)
PFOS and derivatives are not mutagenic in various test systems but may increase
the genotoxicity of other chemicals. An example is that the genotoxicity of
cyclophosphamide in the micronucleus assay with hamster lung V79 cells was
increased manifold by simultaneous exposure to PFOS (Jernbro et al., 2007).
In a two-year rat feeding study with PFOS, a modest liver tumour response
(hepatocellular adeno-mas and one carcinoma) was observed in the high dose
group of 20 ppm PFOS as potassium salt corresponding to an exposure of 1.5 mg
PFOS/kg/d (Seacat et al., 2003).

Environmental effects
Aquatic Toxicity data
PFOA

Endpoint
96h LC50 (fish)
48h LC50 (daphnia)
96h ErC50 (algae)
85d NOEC (fish)
21d NOEC (daphnia)
96h NOErC (algae)
fish
alga Pseudokirchneriella subcapitata, 96-hour NOEC was calculated

Result (mg/L)
707
480
> 400
40
20
12.5
LC50 ranging from
70-2470 mg/L
2.0 mg/L

Daphnia magna the lowest EC50 reported

34 mg/L

10-day NOEC to the benthic organism Chironomus tentans

100 mg/L

54

Ref.
.54

.55

ANNEX XV RESTRICTION REPORT - SUBSTANCE NAME: Perfluorooctanoic acid (PFOA), PFOA salts and PFOA-related
substances https://echa.europa.eu/documents/10162/e9cddee6-3164-473d-b590-8fcf9caa50e7
55 Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl sub-stances
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There are studies in aquatic organisms showing potential of PFOA to
affect endocrine function, e.g. in rare minnows at PFOA concentrations
of 3-30 mg/L, thyroid hormone biosynthesis genes were inhibited,
vitellogenin expression was induced in males, oocytes developed in the
testes of male fish and caused ovary degeneration in females.

.

PFOS

OVERVIEW OF AQUATIC TOXICITY OF PFOS (MOST SENSITIVE
ENDPOINTS)
Acu Fish
Fathead minnow (Pimephales promelas) (96-h): LC50 = 4.7 mg/L
te
Rainbow trout (Oncorhynchus mykiss - saltwater) (96-h): LC50 = 13.7 mg/L
Invertebra Daphnia magna (48-h): EC50 = 27 mg/L
tes
Mysid shrimp (Mysidopsis bahia - saltwater) (96-h): LC50 = 3.6 mg/L
Algae
Selenastrum capricornutum (96-h): EC50 = 126 mg/L
Skeletonema costatum (saltwater) (96-h): EC50 > 3.2 mg/L
Lon Fish
Fathead minnow (Pimephales promelas) (42-day): NOECsurvival = 0.3 mg/L
gInvertebra Daphnia magna (28-day): NOECreproduction = 7 mg/L
ter
tes
Mysid shrimp (Mysidopsis bahia - saltwater) (35-day): NOECreproduction =
m
0.25 mg/L
Algae
Selenastrum capricornutum (96-h): NOEC=44 mg/L
Skeletonema costalum (saltwater) (96-h): NOEC>3.2 mg/L
Duckweed (Lemna gibba) (7-day): NOEC = 15.1 mg/L
In general PFOS appears to be about 10 times more toxic to aquatic organisms than PFOA
(Jensen et al., 2012).

Ref.
.56

.

PFOS

56
57

Criterion

Meets the
criterion
(Yes/No)

Persistence

Yes

Bioaccumulation

Yes

Potential for Long-Range
Environmental Transport

Yes

Ref.
Remark
Extremely persistent. No degradation recorded in
chemical or biological tests
Found in highly elevated concentrations in top
predators. Calculated hypothetical BMFs = 22 160.
BCF in fish = 2796 - 3100.
Atmospheric half life > 2 days (estimated value
based on photolytic half life > 3.7 years)

Danish EPA 2013, Survey of PFOS, PFOA and other perfluoroalkyl and polyfluoroalkyl sub-stances
Stockholm Convention 2006 - Risk profile PFOS
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PFHxA and PFHxS
Classification
Substance
PFHxA

CAS
number
307-24-4

EC number

EU Regulatory status - ECHA

206-196-6

https://echa.europa.eu/es/substanceinformation/-/substanceinfo/100.005.634

.Perfluorohexan
oic acid
.Undecafluoroh
exanoic acid

PFHxS

.Included in the Public Activities Coordination
Tool (PACT) list, as a substance identified as
‘Appropriate to initiate regulatory risk
management action' due to PBT properties.
.Pre-registered (NO Registration dossiers
submitted for the substance)

355-46-4

206-587-1

https://echa.europa.eu/es/substanceinformation/-/substanceinfo/100.005.989

.Perfluorohexan
e sulfonic acid
.Perfluorohexan
e-1-sulphonic
acid

.SVHC Candidate List. (PFHxS are identified as
vPvB due to a read-across approach)
.Pre-registered (NO Registration dossiers
submitted for the substance)
.NO Notified classifications (provided by the
companies)
NOTE: Notified classifications: (provided by the companies), Industry’s self-classification.
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CLP hazard classification (ECHA C&L
Inventory)
Notified classifications:
Hazard Class and
Category Code

Hazar
d
State
ment
Code

Number
of
Notifier
s

Skin Corr. 1B
Met. Corr. 1
Eye Dam. 1
Acute Tox. 3
Acute Tox. 3
Acute Tox. 2

H314
H290
H318
H301
H311
H330

29
1
1
1
1
1

.NO Notified classifications (provided by the
companies)
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PFHxS as substances of very high concern (SVHC) due to their very persistent and very bioaccumulative
(vPvB) properties.
On June 2017 Perfluorohexane-1-sulphonic acid and its salts (PFHxS) are identified as substances
meeting the criteria of Article 57 (e) of Regulation (EC) 1907/2006 (REACH) as they are very persistent
and very bioaccumulative (vPvB).
The abbreviation PFHxS refers to the acid Perfluorohexane-1-sulphonic acid (PFHxS) as well as to its
salts, for instance ammonium and potassium salts are also covered by this abbreviation (PFHxS). PFHxS
belong to the group of perfluoroalkyl sulfonic acids (PFSA) in which perfluorooctanesulfonic acid (PFOS)
is the most well-known and studied substance.
A read-across approach is taken between PFHxS and PFOS and long-chained PFCAs. PFHxS belong to a
group of perfluorinated substances of which several similar substances already have been assessed with
respect to their POP- or PBT/vPvB-properties. The substances in this group have a highly similar chemical
structure with a perfluorinated carbon chain and a terminal acid group, sulphonic acid (PFSA) or
carboxylic acid (PFCA). The individual PFSAs or PFCAs differ only in the number of CF2-groups whereas
all other fragments are the same.
Although PFHxS can induce toxic effects, at present PFHxS have not been classified for reprotoxicity or
for specific target organ toxicity after repeated exposure in category 1/2 (STOT RE1/STOT RE2), it is
unclear what further assessment of these endpoints using read-across may result in. (The Annex XV
dossier, 2017, Identification of PFHxS and its salts as SVHC58)

Occupational exposure limit values
No OEL has been set for PFHxA, PFHxS.

Toxicology data
Ref.
PFHxA

Toxicity

The acute toxicity of the sodium salt of perfluorohexanoic acid (PFHxA) is
considered low with a rat oral LD50 > 1,750 mg/kg bw. PFHxA was tested in a 90days sub-chronic toxicity gavage study with rats. It was not a reproductive or
neurobehavioral toxicant at 500 mg/kg bw/day. NOAEL for developmental
toxicity was determined at 100 mg/kg bw/day. The NOAEL based on liver effects
and blood parameter was determined at 20 mg/kg bw/day (Loveless et al. 2009).
NOAELs for PFHxA were 3-30 times higher than values for PFOA.

58

The Annex XV dossier, 2017, Identification of PFHxS and its salts as SVHC.
https://echa.europa.eu/documents/10162/40a82ea7-dcd2-5e6f-9bff-6504c7a226c5
59 Danish EPA 2015, Short-chain Polyfluoroalkyl Substances (PFAS)
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Toxicity

Toxicity
mecha
nisms

90-day rat study with gavage (10, 50 and 200 mg/kg PFHxA in water) body weight
gain was decreased in all dose groups in males and in the two higher dose groups
in females (Chengelis et al. 2009b).
No effects were noted in the functional observation battery (FOB) or motor
activity evaluations conducted in the current study. Minimal liver enlargement
(hepatocellular hypertrophy) and higher liver weights occurred in males, and the
NOAELs based on liver effects were estimated at 50 mg/kg bw/day and 200 mg/kg
bw/day for male and female rats, respectively (Chengelis et al. 2009b). These
NOAELs were up to 30 times higher than for PFOA.
The reproductive oral toxicity of the ammonium salt of PFHxA in pregnant female
mice was investigated by Iwai and Hoberman (2014). PFHxA was administered
once daily from gestation day 6 through 18 in doses up to 500 mg/kg b. w. The
maternal and reproductive no observable adverse effect level (NOAEL) of PFHxA
ammonium salt was 100 mg/kg/d.
PFHxA was neither mutagenic in the Ames test nor induced chromosome
aberrations in human lymphocytes (Loveless et al. 2009).
Mulkiewicz et al. (2007) evaluated the acute cytotoxicity of among others PFHxA
in several in vitro assays using eukaryotic cell lines, bacteria and enzymatic assays.
The toxicity was in general low and increased with chain length, and the toxicity
of PFHxA was about ten times lower than PFOA.
In an in vitro assay with human colon carcinoma (HCT116) cells estimated values
of EC50 decreased with elongation of fluorocarbon chain from PFHxA > PFOA. The
cytotoxicity was rather low but intensified after longer exposure (72 h)
(Kleszczynski et al. 2007). A study showing stronger effect by the substance with
the shortest chain.
There is some evidence to suggest that perfluoroalkyl acids (PFAA’s) can impact
essential endocrine pathways and neurodevelopment in birds and other animals.
In a study by Vongphachan et al. (2011), PFHxA altered the messenger RNA
(mRNA) expression of thyroid hormone (TH)–responsive transcripts in chicken
embryonic neuronal (CEN) cells.

.
Ref.
PFHxS

Toxicity

Toxicity

60

The liver toxicity and peroxisome proliferation potency in rats of PFAS increase
with the carbon chain length until C9. PFHxS is much more liver toxic than PFBS
and PFOS. PFHxS was about 50 times more potent inducer of the enzyme hepatic
acyl CoA oxidase activity (a measure of liver proliferation) than PFBS (Lau et al
2007). PFHxS had also a higher PPARα activity in the liver than PFBS and PFOS
(Wolf et al. 2008).
The potential reproductive and developmental toxicity of PFHxS was studied with
rats. Liver damage was observed after exposure to 3 mg/kg b. w. per day (NOAEL =
1 mg/kg per day). NOAEL of 10 mg/kg b. w. per day (highest concentration tested)
for effects on the reproduction. (Butenhoff et al. 2009)

Danish EPA 2015, Short-chain Polyfluoroalkyl Substances (PFAS)
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Toxicol
ogical
mecha
nisms

Toxicity

PFHxS possess in vitro endocrine disrupting potential by interfering with functions
of thyroid hormone in a system assessing the proliferation of the 3,3’,5-triiodo-Lthryonine (T3)-dependent rat pituitary GH3 cells using the T-screen assay and the
effect on the Aryl hydrocarbon Receptor (AhR) transactivation in the AhRluciferase re-porter gene bioassay (Long et al. 2013). In a test system measuring
the competitive binding capacity of various PFAS to the thyroid hormone plasma
transport protein transthyretin (TTR) the potency of PFHxS was higher than all
other tested PFAS’s, including PFOS and PFOA (Weiss et al. 2009).
PFHxS have in studies on mice been shown to affect the behaviour, and levels of
brain neuroproteins, after oral exposure at a critical period in brain development;
similar findings have been seen for PFOS and PFOA ((Lee & Viberg, 2013), (Viberg
et al., 2013)).
In a modified OECD 422 guideline-based test, rats were treated by gavage with
potassium PFHxS (control, 0.3, 1, 3, and 10 mg/kg body weight and day) 14 days
prior to cohabitation, during cohabitation and until day of sacrifice (21 days of
lactation). Males were treated for a minimum of 42 days. No reproductive or
developmental effects were observed. There were no treatment related effects in
dams or offspring. PFHxS-induced effects noted in parental males included
reductions in serum total cholesterol and prothrombin time, and, at 3 and 10
mg/kg, increased liver-to-body weight and liver-to-brain weight ratios,
centrilobular hepatocellular hypertrophy, hyperplasia of thyroid follicular cells and
decreased haematocrit (Butenhoff, Chang, Ehresman, & York, 2009).

.61

Although PFHxS can induce toxic effects, at present PFHxS have not been classified
for reprotoxicity or for specific target organ toxicity after repeated exposure in
category 1/2 (STOT RE1/STOT RE2), it is unclear what further assessment of these
endpoints using read-across may result in.

.
Aquatic Toxicity data
PFHxA

Endpoint
96h LC50 (fish) (Rainbow trout)
48h LC50 (daphnia magna)
96h ErC50 (algae)

Result (mg/L)
>99.2
>96.5
>100
(Hoke et al., 2012)
10
(No published data)
998.7 (Ding and
Peij-nenburg, 2013)
86
50
(ENVIRON, 2014)

90d NOEC (fish)
IC50, optical density, 72h,
Algae (G. amphibium)
Algae (S. subspicatus), 72h ErC50
Algae (S. subspicatus), 72h NOEC

61

Ref.
.62

.63

The Annex XV dossier, 2017, Identification of PFHxS and its salts as SVHC.
ANNEX XV RESTRICTION REPORT - SUBSTANCE NAME: Perfluorooctanoic acid (PFOA), PFOA salts and PFOA-related
substances https://echa.europa.eu/documents/10162/e9cddee6-3164-473d-b590-8fcf9caa50e7
63 Danish EPA 2015, Short-chain Polyfluoroalkyl Substances (PFAS)
62
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.
Ref.
.64

PFHxS

No ecotoxicity test available

PFHxS

Degradation in the environment: PFHxS is considered as persistent and stable in the
environment and is regarded as the terminal degradation product of PFHxS-based products.
Emissions: Possible from treated textiles and manufacturing.
Monitoring data: There is a high potential for contamination of surface and ground water418.
PFHxS was detected with a range of 2-4300 ng/g in dust samples from Canada as well as a
median of 2 ng/mL and 6 ng/mL in human plasma. No substantial difference was found in
levels of perfluorinated sulphonates (PFSAs) between the urban and rural regions. A study of
300 children in the US from birth to 12 years of age showed that PFHxS was present in >92%
of them with significantly increasing concentrations by age. In the marine ecosystem PFHxS
was found in fish from Japan and sediments collected from shallow water. Verreault et al
(2005) detected up to 2.7 ng/g ww PFHxS in plasma of glaucous gull from the Norwegian
Arctic. This observation may qualify PFHxS as a LRT substance.

.

Siloxanes (may appear as impurities in commercial formulations based in Silicones)
Classification
CLP hazard classification (ECHA C&L Inventory)
Substance
Octamethyl
cyclotetrasilox
ane (D4)
Decamethyl
cyclopentasilo
xane (D5)

Dodecamethyl
cyclohexasilox
ane (D6)

64
65

CAS
number
556-67-2

Hazard Class and
Category Code
Repr. 2
Aquatic chronic 4

Hazard
Statement Code
H361f
H413

Number of
Notifiers
Harmonised
classification*

541-02-6

Total
Not classified
Aquatic chronic 4
Acute tox. 3
Skin irrit. 2
Eye irrit. 2
STOT SE 3
Total
Not classified
Eye Irrit. 2
Aquatic chronic 4

H413
H331
H315
H319
H335
H319
H413

1479
1313
65
46
27
31
2
266
230
19
16

540-97-6

The Annex XV dossier, 2017, Identification of PFHxS and its salts as SVHC.
Stockholm Convention, 2016. Draft consolidated guidance on alternatives to PFOS and its related chemicals.
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Hexamethyl
disiloxane
(MM or
HMDSO)

107-46-0

Total
924
Not classified
99
Flam. liq. 2
H225
793
Aquatic acute 1
H400
596
Aquatic chronic 1
H410
408
Carc. 2
H351
63
Aquatic chronic 2
H411
73
Acute tox. 3
H301
18
Acute tox. 4
H332
18
Flam sol. 1
H228
1
Water react. 1
H260
1
Eye irrit. 2
H319
1
Flam liq. 3
H226
1
Asp. tox. 1
H304
1
Skin irrit. 1
H315
1
Octamethyl
107-51-7 Total
224
trisiloxane
Not Classified
83
(MDM)
Flam. liq. 3
H226
141
Aquatic chronic
H413
3
*Harmonised classification: According to Annex VI of Regulation (EC) No 1272/2008 (CLP Regulation)

Health and environmental effects
Siloxanes
(cyclic:
D3, D4,
D5 and
D6
(linear:
MM,
MDM,
MD2M
and
MD3M)

66

Toxicology: The European Commission has classified D4 as a reproductive toxic substance
(Repr. 2) (H361f) and fulfils the toxicity criterium according to Annex D in the Stockholm
Convention. Some siloxanes will be metabolized and the metabolites (hydroxylation
metabolites) are expected to be found in blood and urine. California State EPA notes the
weak estrogenic activity of D4 combined with long half life and uterine tumors resulting
from D5 exposure. The Government of Canada concluded that D4 is inherently toxic to
aquatic biota.
Degradation in the environment: D4 and D5 are considered to fulfil the persistence
criterium according to Annex D to the Stockholm Convention. Siloxane. The California State
EPA notes that cyclosiloxanes appear to have long half lives in people.
Emissions: Siloxanes are volatile.
Monitoring data: D4 and D5 is considered to fulfil the Annex D on bioaccumulation, Long
Range Transport (LRT) and D4 additionally is likely to fulfil the ecotoxicity criterium of the
Stockholm Convention. Siloxanes are persistent and occur in environmental media,
especially in sewage sludge. In studies conducted by the Nordic countries, D5 was the
dominant siloxane in all environmental matrices sampled except for air, where D4
dominated. A recent study of the food web in Norway from zooplankton and Mysis to
planktivorous and piscivorous fish found food biomagnification of D5. Certain siloxanes are
persistent in the environment, resisting oxidation, reduction, and photodegradation.
Varying information exists on the susceptibility of siloxanes to hydrolysis. Hexamethyl
disiloxane (MM or HMDS) is undergoing Substance Evaluation by the UK. Decision includes

Stockholm Convention, 2016. Draft consolidated guidance on alternatives to PFOS and its related chemicals.
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information relevant for PBT/vPvB assessment under REACH. Octamethyl trisiloxane
(MDM), Decamethyl tetrasiloxane (MD2M) and Dodecamethyl pentasiloxane (MD3M) are
on the CoRAP for Substance Evaluation (UK) due to PBT/vPvB concerns. The UK is
performing a PBT assessment for D6. It is currently considered very persistent and
bioaccumulative in a REACH context.

PDMS
Classification
Substan
ce

CAS
number

EC
number

PDMS

6314862-9

613-1565

(Names)
.Polydim
ethylsilo
xane
.dimethi
cone
.dimethy
lpolysilo
xane

EU
Regulatory
status ECHA
https://echa
.europa.eu/
es/substanc
einformation/
/substancein
fo/100.126.4
42

CLP hazard classification (ECHA C&L
Inventory)
Notified classifications:

Preregistered in
REACH

Hazard Class and
Category Code

Hazar
d
State
ment
Code

Number
of
Notifier
s

Not Classified
Aquatic Chronic 4
Eye Irrit. 2
Aquatic Chronic 2
Repr. 2
Skin Corr. 1A
Eye Dam. 1
Flam. Liq 3
Aquatic Chronic 3
Skin Irrit. 2
Acute Tox. 1
STOT RE 2
Acute Tox. 2

-H413
H319
H411
H361
H314
H318
H226
H412
H315
H300
H373
H300

688
356
146
24
13
13
13
26
11
9
1
1
1

.

Occupational exposure limit values
No OEL has been set for PDMS.
Toxicity data /Eco
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Health effects
PDMS

Silicon
es

The silicones most used in textile impregnation agents are based on PDMS. They are inert
and generally have no adverse effects.
Humans may be exposed to PDMS via oral ingestion and dermal contact. In laboratory
animals, PDMS had a low potential for absorption via these routes. Swallowed PDMS is
rapidly excreted unchanged in the faeces. Aerosolised PDMS may give rise to inhalation
exposure, but there is no indication of any adverse effects. PDMS is not a skin irritant or a
skin sensitizer, and it is only mildly to non-irritating to the eyes.
- Acute and repeated dose toxicity studies conducted in laboratory animals on PDMS of
different viscosities do not show any significant adverse effects. Long-term
chronic/carcinogenicity and reproductive toxicity studies were also without adverse effects.
PDMS is not mutagenic in vitro.
- In humans, PDMS has no effect on the immune system. PDMS is used in urology,
ophthalmology and dermatology (skin correction). Autoimmune disorders (e.g. scleroderma)
cannot be linked to PDMS. Several human diseases (connective tissue, atypical connective
tissue, rheumatic and autoimmune diseases, and breast cancer) have been reported after
injection of PDMS (for cosmetic purposes) or placement of breast implants (made of high
viscosity PDMS). These diseases are, however, not associated with PDMS.
Little or no risk to human health.
ANIMAL STUDIES: Chronic feeding studies of rats for 2 years did not show any evidence of
adverse effects. In another study, mice were fed PDMS for 80 weeks. Macro and microscopic
exam of these animals found no significant increase in malignant or benign tumors, nor was
there any significant increase in mortality. PDMS injected into rats at up to doses of 20
mg/kg produced no teratogenicity. Developmental and reproductive toxicity studies in
which PDMS was injected subcutaneously into pregnant rabbits at 20, 200, or 1000 mg/kg
and a parallel study in which pregnant rabbits were dermally dosed at 200 mg/kg indicate an
increase in resorption sites in direct proportion to the dose. No fetal abnormalities nor
maternal body weight effects were observed at the high dose, but 3.8% of the fetuses had
gross abnormalities at the intermediate dose level (synophthalmia, umbilical hernia, clubbing
of extremities). A series of 12 organosilicon compounds representing potential intermediates
in the synthesis and degradation of polydimethylsiloxanes were evaluated for genotoxic
potential with a battery of in vitro assays. No evidence of gene mutation was observed.
However, six of the 12 compounds evaluated demonstrated potential in vitro clastogenic
(chromosome damaging) activity. The only consistent effect of 180 day exposure to silicone
materials in mice was a modest depression of natural killer cell activity.
Generally, siloxanes (silicones) are well tolerated by the human organism, and therefore they
are an integral part of innovative methods of treatment, health care and nursing. They are
commonly regarded as non-toxic to humans and the environment, or toxic to a very small
extend.

67

Ref.
.67

.68
.69

.70

Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
ECETOC (2011). Linear Polydimethylsiloxanes Cas no. 63148-62-9 (Second Edition). http://www.ecetoc.org/wpcontent/uploads/2014/08/JACC-055-Linear-Polydimethylsiloxanes-CAS-No.-63148-62-9-Second-Edition.pdf
69 TOXNET: https://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+1444
70 Mojsiewicz-Pienkowska et al. (2016). Direct Human Contact with Siloxanes (Silicones) – Safety or Risk Part 1. Characteristics
of Siloxanes (Silicones). Front. Pharmacol.
68
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Environmental effects
Ref.
.71

PDMS

Little or no risk to the environment.

PDMS

According to the producer Dow Corning, PDMS fluids pose no known hazard to the
environment (Dow Corning, 1997). In the aquatic environment PDMS attaches to particulate
matter and is removed from the water column by sedimentation. It is persistent and has no
detectable Biological Oxygen Demand (BOD). In the soil PDMS may degrade abiotically in a
few days to (CH3)2Si(OH)2, a persistent metabolite. These organosilanols and low molecular
weight linear PDMS and cyclic siloxanes may evaporate into the atmosphere. In the upper
atmosphere they are oxidized by hydroxyl radicals to silica, water, and CO2 (Gravier et al.
2003).
ECOTOXICITY STUDIES: PDMS demonstrated the absence of adverse effects on a wide range
of marine species.
Nendza 2007, assessed the hazard of silicone oils (PDMS) used in antifouling products in the
marine environment. Concluded that If these oils leach out, they can have impacts on marine
environments: PDMS are persistent, adsorb to suspended particulate matter and may settle
into sediment.
PDMS do not bioaccumulate in marine organisms and soluble fractions have low toxicity to
aquatic and benthic organisms.
Siloxanes are persistent and are widespread in the environment but are found mostly in
urban areas and in the aquatic environment. High levels have been found in livers of fish
caught close to outlets of sewage treatment plants. The siloxanes are removed from the
aqueous phase by sedimentation, and have a long half-life in sediments. In soils, depending
on the conditions, siloxanes are transformed into hydroxylated forms, which may still be
persistent.
Generally, siloxanes (silicones) are well tolerated by the human organism, and therefore they
are an integral part of innovative methods of treatment, health care and nursing. They are
commonly regarded as non-toxic to humans and the environment, or toxic to a very small
extend.

PDMS
PDMS

Siloxan
es

Silicon
es

71

.72

.73
.74

.75

.76

ECETOC (2011). Linear Polydimethylsiloxanes Cas no. 63148-62-9 (Second Edition). http://www.ecetoc.org/wpcontent/uploads/2014/08/JACC-055-Linear-Polydimethylsiloxanes-CAS-No.-63148-62-9-Second-Edition.pdf
72 Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
73 https://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+1444
74 Nendza (2007). Hazard assessment of silicone oils (polydimethylsiloxanes, PDMS) used in antifouling-/foul-release-products
in the marine environment. Marine Pollution Bulletin.
75 Danish EPA (2015) - Alternatives to perfluoroalkyl and polyfluoro-alkyl substances (PFAS) in textiles
76 Mojsiewicz-Pienkowska et al. (2016). Direct Human Contact with Siloxanes (Silicones) – Safety or Risk Part 1. Characteristics
of Siloxanes (Silicones). Front. Pharmacol.
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Paraffin
Classification
Substance
Paraffin
wax

CAS
number
8002-74-2

EC number
232-315-6

EU Regulatory
status - ECHA
https://echa.eur
opa.eu/pt/infor
mation-onchemicals/clinventorydatabase//discli/details/9
3457

CLP hazard classification (ECHA C&L
Inventory)
Notified classifications:
.1842 out of 2034 Notifications as Not
classified
.classified among others as:
Hazard Class and
Category Code

Hazar
d
State
ment
Code

Number
of
Notifier
s

Eye Irrit 2
STOT SE 3
STOT SE 3

H319
H370
H335

89
44
19

Registered in
REACH

.

Occupational exposure limit values
SUBSTANCE NAME : Paraffin wax, fume or respirable dust
CAS number
: 8002-74-2
Country

Limit value- Eight hours
ppm

Belgium

mg/m
2

Denmark

2

3

Finland

1

France

2

Ireland

2

Poland

2

Spain

2

Switzerland

2 respirable aerosol

USA - NIOSH

2

United Kingdom

2

Limit value- Short term
ppm

mg/m3
4

6 (1)

6

REMARKS
Ireland

(1) 15 minutes reference period

Source: Based on GESTIS International Limit values Database
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Toxicology and Ecotoxicology data
Ref.
.77

Paraffin

Paraffin is considered harmless in their pure form.

Paraffin
wax
CAS 800274-2

Toxicology
LOAEL ~ 160 mg/kg-bw/day (based on changes in hematology, clinical chemistry, organ
weight changes (liver, spleen, mesenteric lymph nodes and ovaries; and histopathology
(liver, spleen, mesenteric lymph nodes and heart)
NOAEL = Not established
Ecotoxicology
“no effects at saturation” (NES).
Toxicology
Rat - Acute oral toxicty >5000 mg/kg bw
Rabbit – Acute dermal toxicity > 4000 mg/kg bw
Rabbit – Skin irritation – Not irritating
Rabbit – Eye irritation – Slighty irritating
Mouse – Negative for carcinogenicity
Ecotoxicology

WAXES
And
RELATED
MATERIAL
S
which
includes:
Slack wax
Petrolatu
m Paraffin
wax
Microcryst
alline wax

77

.78

.79

Stockholm Convention, 2017. Risk management evaluation on PFOA, its salts and PFOA-related compounds.
U.S. Environmental Protection Agency
http://www.petroleumhpv.org/~/media/PetroleumHPV/Documents/Category_Waxes%20and%20Related%20Materials_Sept
ember_2011.pdf
79 American Petroleum Institute.
http://www.petroleumhpv.org/~/media/PetroleumHPV/Documents/2011_01_21_Waxes%20Robust%20Summaries_final.pdf
78
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