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1.

Introduction

1.1

Background and objectives

Under the Stockholm Convention perfluorooctanesulphonic acid (PFOS), its salts and
perfluorooctanesulfonyl fluoride (PFOSF) are listed in Annex B (restriction). The following acceptable
purposes (no time limits) and specific exemptions (time limited) regarding the use of PFOS, its salts
and PFOSF are granted according to Decision SC-4/171 :
Acceptable purpose:
 Photo imaging
 Photo resist and anti-reflective coatings for semi-conductors
 Etching agent for compound semi-conductors and ceramic filters
 Aviation hydraulic fluids
 Metal plating (hard metal plating) only in closed-loop systems
 Certain medical devices (such as ethylene tetrafluoroethylene copolymer (ETFE) layers
and radio-opaque ETFE production, in vitro diagnostic medical devices, and CCD colour
filters)
 Firefighting foam
 Insect baits for control of leaf-cutting ants from Atta spp. and Acromyrmex spp.
Specific exemption:
 Photo masks in the semiconductor and liquid crystal display (LCD) industries
 Metal plating (hard metal plating)
 Metal plating (decorative plating)
 Electric and electronic parts for some colour printers and colour copy machines
 Insecticides for control of red imported fire ants and termites
 Chemically driven oil production
 Carpets
 Leather and apparel
 Textiles and upholstery
 Paper and packaging
 Coatings and coating additives
 Rubber and plastics
Article 4 of the Stockholm Convention on Persistent Organic Pollutants (SC) established a register for
the purpose of identifying parties that have specific exemptions listed in Annex A or Annex B. The

1

Decision SC-4/17: : Guidance on alternatives to perfluorooctane sulfonic acid, its salts, perfluorooctane sulfonyl fluoride and
their related chemicals; http://chm.pops.int/Convention/ConferenceofthePartiesCOP/COPDecisions/tabid/208/Default.aspx,
2016-02-22
March 2017
Doc Ref. 38036CRea004i1

6

© Amec Foster Wheeler Environment & Infrastructure UK Limited

register of chemicals is available on the Convention website for of specific exemptions 2 as well as for
acceptable purposes3 for PFOS and related compounds. No registrations of specific exemptions have
been transmitted for the production and use of PFOS and related compounds for carpets, leather and
apparel, textiles and upholstery, paper and packaging, coatings and coating additives, or rubber and
plastics. Pursuant to paragraph 9 of Article 4, when there are no longer any parties registered for a
particular type of specific exemption, no new registrations may be made with respect to it. Hence the
Conference of the Parties (COP) proposed in its seventh meeting in 2015, as there are no longer any
parties registered for specific exemptions for the production and use of PFOS, its salts and PFOSF for
carpets, leather and apparel, textiles and upholstery, paper and packaging, coatings and coating
additives, and rubber and plastics, no new registrations may be made (cf. UNEP/POPS/COP7
/4/Rev.1).
At POPRC 11 it was decided to establish an intersessional working group to prepare revised guidance
on alternatives to PFOS, its salts, PFOSF and their related chemicals for consideration at its twelfth
meeting (Decision POPRC-11/64 ) and invited parties and observers to submit information to enable
the Committee to prepare a revised guidance, in particular information on
 the identification and technical feasibility, cost effectiveness, efficacy, availability and
accessibility of alternatives to PFOS, its salts, PFOSF and their related chemicals, in
particular the alternatives to the use of PFOS, its salts and PFOSF in open applications;
 the safety for health and the environment of chemical and non-chemical alternatives to
PFOS, its salts, PFOSF, and their related chemicals, including consideration of
persistence, bioaccumulation, monitoring data in biota and for the ambient environment,
general chemistry and environmental fate;
 alternatives to PFOS, its salts, PFOSF and their related chemicals including experience
in using the alternatives, labelling practices, safety, research on effectiveness, national
or regional evaluations, limitations of alternatives based on geography, climate,
population density, sensitive ecosystems, etc.
According to the specific information request the corresponding information has been submitted by
several Parties and Observers, namely Brazil, Germany, Netherlands, Norway, the Brazilian
insecticide manufacturers association (ABRAISCA), BAT/BEP experts, the International POPs
Elimination Network (IPEN), Global Silicones Council (GSC) and Semiconductor Industry Association
(SIA) to the secretariat of the Stockholm Convention by 8th January 2016 (see Table 1) 5. In order to
compile new information concerning this information needs the information submitted by Parties and
Observers is compiled - in the present report (see Chapter 3) together with additionally identified
available information.
Table 1:

Overview on submission documents of countries and observers and information
contained related to authorised purposes and specific exemptions

Submission / Party

Document

Date

Related to acceptable purpose
(AP) or specific exemption (SE)

Brazil
Brazil
Brazil

Abstract
Report in Portuguese
English translation of
the above report

08.01.2016
08.01.2016
18.01.2016

AP: Insect baits for control
of leaf-cutting ants from
Atta spp. and Acromyrmex
spp.

2http://chm.pops.int/Implementation/Exemptionsandacceptablepurposes/RegisterofSpecificExemptions/ChemicalslistedinAnnex

B/tabid/4644/Default.aspx, 2016-02-22
3
http://chm.pops.int/Implementation/Exemptionsandacceptablepurposes/RegistersofAcceptablePurposes/AcceptablePurposesP
FOSandPFOSF/tabid/794/Default.aspx, 2016-02-22
4
POPRC (2015) Decision POPRC-11/6: Guidance on alternatives to perfluorooctane sulfonic acid, its salts, perfluorooctane
sulfonyl fluoride and their related chemicals;
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC11/Overview/tabid/4558/mctl/ViewDetails/EventM
odID/871/EventID/553/xmid/13837/Default.aspx, 2016-02-22
5
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC11/POPRC11Followup/CommentsPFOSalternati
ves/tabid/5139/Default.aspx, 2016-11-15
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Germany

Berichterstattung an
die Europäische
Kommission nach
Artikel 12 der EU-POPVerordnung (EU-POPVO)

08.01.2016

Netherlands

Inventory on the use of
PFOS in the
Netherlands
Letter
PFOS in the Dutch
metal plating industry
Work programme on
PFOS

11.01.2016

PFOS in Skydrol
aviation hydraulic fluids
Hyjet IV-1 Plus safety
data sheet
Hyjet V safety data
sheet
Per- and
polyfluorinated
substances in the
Nordic Countries, 2013

08.01.2016

08.01.2016

A number of APs and SEs

ABRAISCA

Information

11.01.2016

GSC
GSC
IPEN
SIA

Letter
Comments
Information
Comments

08.01.2016
08.01.2016
08.01.2016
08.01.2016

BAT/BEP Experts

Comments

14.01.2016

AP: Insect baits for control
of leaf-cutting ants from
Atta spp. and Acromyrmex
spp.
SE: Insecticides for control
of red imported fire ants
and termites
SE: Textiles and
upholstery
Focus on several APs
2 APs and 1 SE related to
semi-conductors
No specific APs or SEs

Netherlands
Netherlands
Netherlands

Norway
Norway
Norway
Norway

11.01.2016
11.01.2016
11.01.2016

AP: Metal plating (hard
metal plating) only in
closed-loop systems
SE: Metal plating (hard
metal plating)
SE: Metal plating
(decorative plating)
AP and SEs related to
metal plating
AP: Photo‑resist and antireflective coatings for
semi-conductors
AP: Photo‑imaging
AP: Aviation hydraulic
fluids
SE: Photo masks in the
semiconductor and liquid
crystal display (LCD)
industries
AP: Aviation hydraulic
fluids

08.01.2016
08.01.2016

Observers

Additional relevant information sources used for this report are:
 • Register of specific exemptions6 and acceptable purposes7 for PFOS and related
compounds
 National Implementation Plans (NIPs) 8

6

http://chm.pops.int/Implementation/Exemptionsandacceptablepurposes/RegisterofSpecificExemptions/ChemicalslistedinAnnex
B/tabid/4644/Default.aspx, 2016-01-16
7
http://chm.pops.int/Implementation/Exemptionsandacceptablepurposes/RegistersofAcceptablePurposes/AcceptablePurposesP
FOSandPFOSF/tabid/794/Default.aspx, 2016-01-16
8
http://chm.pops.int/Implementation/NIPs/Overview/tabid/565/Default.aspx, 2016-01-16
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 NIP Guidance Supporting Documents9
 UNEP/POPS.COP.7/INF/21: Revised draft guidance on best available techniques and
best environmental practices for the use of perfluorooctane sulfonic acid and related
chemicals listed under the Stockholm Convention (and related documents 10 ) and
updated draft from 2016
 UNEP/POPS/COP.7/INF/11: Report for the evaluation of information on perfluorooctane
sulfonic acid, its salts and perfluorooctane sulfonyl fluoride11
 UNEP/POPS/COP.7/8: Evaluation of perfluorooctane sulfonic acid, its salts and
perfluorooctane sulfonyl fluoride pursuant to paragraphs 5 and 6 of part III of Annex B to
the Convention
 UNEP/POPS/COP.7/INF/12: Compilation of information submitted by parties on their
experiences in implementing the recommendations set out in the annex to decision
POPRC-6/2 on the elimination of brominated diphenyl ethers from the waste stream and
on risk15 reduction for perfluorooctane sulfonic acid, its salts and perfluorooctane
sulfonyl fluoride
 Guidance for the Inventory of perfluorooctane sulfonic acid (PFOS) and related
chemicals listed under the Stockholm Convention on POPs 12
Relevant POPRC documents13 :
 UNEP/POPS/POPRC.8/INF/17: Technical paper on the identification and assessment of
alternatives to the use of perfluorooctane sulfonic acid in open applications
 UNEP/POPS/POPRC.9/INF/11: Revised draft guidance on alternatives to
perfluorooctane sulfonic acid, its salts, perfluorooctane sulfonyl fluoride and their related
chemicals
Other information sources
 SWEREA 2015: Draft Assessment of PFOS compounds need for the EU (specific
exemptions or acceptable purposes)
 Poulsen et al. 2011, Lassen et al. 2013, Blepp et al. 2013, 2015, OECD 2014,
2015a,2015b, Danish EPA, 2013, Kemi, 2015.
Please note that a consolidated guidance on alternatives to perfluorooctane sulfonic acid (PFOS) and
its related chemicals was presented at POPRC 12 that contained a detailed assessment of the global
APs and SEs of PFOS (UNEP/POPS/POPRC.12/INF/15).

1.2

PFOS within the European Union

In the EU the use of PFOS and related compounds has been restricted since 2008 by Directive
2006/122/EC. Now, production, placing on the market and use is regulated under the EU POP
Regulation (EU) No 757/2010. There are less exemptions than those granted under the Stockholm
Convention. The following specific exemptions on intermediate use are possible according to the EU
POP Regulation:

9

http://chm.pops.int/Implementation/NIPs/Guidance/NIPGuidanceSupportingDocuments/tabid/2941/Default.aspx
http://chm.pops.int/Implementation/NIPs/Guidance/GuidanceonBATBEPfortheuseofPFOS/tabid/3170/Default.aspx
11
Available at:
http://chm.pops.int/TheConvention/ConferenceoftheParties/Meetings/COP7/tabid/4251/mctl/ViewDetails/EventModID/870/Event
ID/543/xmid/13075/Default.aspx, 2016-02-22
12
http://chm.pops.int/Implementation/NIPs/Guidance/GuidancefortheinventoryofPFOS/tabid/3169/Default.aspx
13
Available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC11/Overview/tabid/4558/mctl/ViewDetails/EventM
odID/871/EventID/553/xmid/13837/Default.aspx, 2016-02-22
10
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 Photoresists or anti reflective coatings for photolithography processes;
 Photographic coatings applied to films, papers, or printing plates;
 Mist suppressants for non-decorative hard chromium (VI) plating in closed loop systems;
 Hydraulic fluids for aviation.
There is a difference in wording between allowed uses in the EU POP regulation and in Annex B of
the Stockholm Convention. Table 2 shows a corresponding correlation.
Table 2 Correlation table between allowed uses according to Regulation (EC) No 850/2004 and its
amendments and acceptable purposes and specific exemptions for PFOS, its salts, and
PFOSF according to Annex B of the Stockholm Convention (modified from Swerea, 2015)
Uses according to Regulation (EC) No 850/2004 and its
amendments

Acceptable purposes and specific exemptions for
PFOS, its salts, and PFOSF according to Annex B of the
Stockholm Convention

Photoresists or anti reflective coatings for
photolithography processes

Photo-resist and anti-reflective coatings for semiconductors
Photo-masks in the semiconductor and liquid crystal display
(LCD) industries

Hydraulic fluids for aviation

Aviation hydraulic fluids

Photographic coatings applied to films, papers, or
printing plates

Photo-imaging

Mist suppressants for non-decorative hard chromium
plating in closed loop systems

Metal plating (hard metal plating) only in closed-loop
systems

The EU proposes in its Council Decision (EU) 2015/627 of 20 April 2015
 the deletion of the following specific exemptions and acceptable purposes from the entry
on PFOS and its derivatives in Annex B to the Convention: carpets, leather and apparel,
textiles and upholstery, paper and packaging, coatings and coating additives, rubber and
plastics, insecticides for the control of red imported fire ants and termites, and insect
baits for the control of leaf cutting ants from Atta spp. and Acromyrmex spp., and
 the deletion of the specific exemptions for PFOS in metal plating (hard metal plating and
decorative metal plating), with the exception of hard metal plating only in closed-loop
systems, listed as an ‘acceptable purpose’ in the Convention.
In the present report relevant information is assessed with regard to the need for acceptable purposes
and specific exemptions for PFOS and its compounds as per decision SC 4/17 and Regulation (EC)
No 850/2004 as amended by Commission Regulation (EU) No 757/2010 of 24 August 2010 in the EU
(see Chapter 4 and 5).

1.3

Structure of this report

Chapter 2 and chapter 3 of this report provide a compilation of the information submitted and gathered
on the need for continued use of PFOS in acceptable purposes and specific exemptions respectively.
These sections will provide the reader with an update (until January 2016) on where and how PFOS is
still being used globally.
Chapter 4 then provides a review of the continued need for PFOS in acceptable uses and specific
exemptions in the European Union. Chapter 5 provides an overview of the potential alternatives that
could replace the need for PFOS in the named uses that are known to still be active in the EU
(acceptable purposes and specific exemptions). Chapter 6 then provides the conclusions of the study
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and highlights where existing data gaps still remain for further analysis. The report was partially
updated with new information in November 2016.
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Compilation of information on alternatives to
PFOS, its salts, PFOSF and their related
chemicals and additionally identified
information - acceptable purposes

For this compilation relevant information from the registers of acceptable purposes (APs) and specific
exemptions (SEs) for PFOS, its salts and PFOSF under Article 15 of the Convention reporting and
NIPs have been used in addition to the submissions from Parties and Observers and other relevant
information as specified in chapter 1.1.
Table 3 gives an overview on APs and SEs for PFOS and its compounds as per Decision SC 4/17.
The table indicates for which SEs no new registration will be possible pursuant to para. 9 Article 4 of
the Stockholm Convention as proposed by the COP in Decision SC 7/1. Further the table shows which
Parties have notified ongoing use (U) or production (P) or have specific exemptions according to the
registers of APs and of SEs.
Table 3: Overview on APs and SEs for PFOS, its salts and PFOSF according to the Register and
Article 15 reporting year 201414 (UNEP/POPS/COP.7/INF/11)
Acceptable purposes (AP)
and specific exemptions
(SE) according to SC 4/17

No new registrations
pursuant to Article 4 SC

Article 15 reports: PFOS
was / is in use

Registers of SEs and APs

Photo-imaging

-

Australia , Germany, Japan,
Austria

Canada, Czech R., Norway,
Switzerland, Turkey: (U)
China, EU, Japan, Vietnam:
(P)(U)

Photo-resist and antireflective coatings for
semi-conductors

-

Germany, Ireland, Japan,
Austria

Canada, Czech R., Norway,
Switzerland, Turkey: (U)
China, EU, Japan, Vietnam:
(P)(U)

Etching agent for
compound semiconductors and ceramic
filters

-

Japan

Canada, Norway,
Switzerland, Turkey (U)
China, EU, Japan, Vietnam:
(P)(U)

Aviation hydraulic fluids

-

Germany, Japan, Norway

Canada, Czech R., Norway,
Switzerland, Zambia,
Turkey: (U)
China, EU, Vietnam: (P)(U)

Metal plating (hard metal
plating) only in closedloop systems

-

Australia, Canada,
Germany, Japan, Norway,
Slovenia, Sweden, Austria

Canada, Czech R., Norway,
Switzerland, Turkey: (U)
China, EU, Vietnam: (P)(U)

Certain medical devices

-

-

China, Japan, Vietnam:
(P)(U)

Fire-fighting foam

-

Australia, Germany, Japan,
Belaurs15

Canada, Switzerland,
Zambia, Cambodia: (U)
China, Vietnam: (P)(U)

Acceptable purposes (AP)

14

http://chm.pops.int/Countries/National Reports/ThirdRoundPartyReports/tabid/4470/Default.aspx
http://ers.pops.int/ERSExtended/FeedbackServer/fsadmin.aspx?fscontrol=respondentReport&surveyid=64&voterid=45820&readonly=1&nomenu=1
15
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Acceptable purposes (AP)
and specific exemptions
(SE) according to SC 4/17

No new registrations
pursuant to Article 4 SC

Article 15 reports: PFOS
was / is in use

Registers of SEs and APs

-

Brazil

Brazil, Vietnam (P)(U)

Acceptable purposes (AP)
Insect baits for control of
leaf-cutting ants from Atta
spp. and Acromyrmex
spp.
Specific exemptions
Photo masks in the
semiconductor and liquid
crystal display (LCD)
industries

-

China: (P)(U)
Canada*, Korea: (U)

Metal plating (hard metal
plating)

Australia, Brazil, Canada,
Japan

China: (P)(U)
Korea: (U)

Metal plating (decorative
plating)

Australia, Brazil, Canada

China: (P)(U)
Korea: (U)

Electric and electronic
parts for some colour
printers and colour copy
machines

-

China: (P)(U)
Korea: (U)

Insecticides for control of
red imported fire ants and
termites

-

China: (P)(U)
Korea: (U)

Chemically driven oil
production

-

China: (P)(U)
Korea: (U)

Carpets

x

-

-

Leather and apparel

x

-

-

Textiles and upholstery

x

-

-

Paper and packaging

x

-

-

Coatings and coating
additives

x

-

-

Rubber and plastics

x

-

-

Chemically driven oil
production

-

China: (P)(U)
Korea: (U)

* Expired

Table 4 summarises relevant information from NIPs available for EU Member States concerning
information on PFOS.
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Table 4: Overview on National Implementation Plans available for EU Member States and information
contained related to PFOS production and use
Member State

Addressing latest
amendments of

Submission
date

Information on PFOS contained

NIPs with amendments of COP 4 or later
European
Union

COP 5

04.06.2015

Minor production in Germany and Italy. Current use in the
EU includes the metal plating industry (6,500 kg/y), use in
hydraulic fluids in the aviation industry (730 kg/y),
photographic industry (562 kg/y used + ~1,280 kg from
historical storage) and semiconductor industry (9.3 kg/y).
PFOS has been also present in the fire fighting foams (90t
in stocks) which however had to be destroyed by 27 June
2011 and there are known some stockpiles of PFOS from
historical usage in photographic industry (1,280 kg).
The use of PFOS in the metal plating industry is the main
remaining source for PFOS releases from an intended
purpose, followed by use in aviation fluids. Alternatives
and substitutes have already been investigated for this
use but there is a lack of practical implementation. For all
other registered applications PFOS seems to have been
phased-out. However, this would have to be verified with
data and information reported by the EU’s Member
States.

Austria

COP 5

27.08.2012

Current uses: Photoresists and antireflective coatings for
photolithography processes; mist suppressants for nondecorative hard chromium plating in closed loop systems

Belgium

COP 6

10.01.2014

Legislative acts referring to declarations and notifications

Bulgaria

COP 5

19.09.2012

No production; imports of products. One company
declared fire-fighting foams. Detailed inventory is planned.

Cyprus

COP 5

11.11.2014

PFOS not addressed in the report

Czech Republic

COP 5

09.09.2015

No production; no data available on import, availability,
consumption and stockpiles. Notification of acceptable
purposes: photo imaging, photo resist and anti – reflective
coatings for semi – conductors, aviation hydraulic fluids,
metal plating (hard metal plating) only in closed – loop
systems. Representative data collection on PFOS content
in products/articles planned.

Denmark

COP 5

05.09.2012

No production. Current use solely in (nondecorative/decorative: statements contradictory) hard
chromium plating, currently no plans to phase out PFOS.
Report on PFOS use (2012).

Finland

COP 5

27.11.2012

PFOS addressed; (report in Finnish only)

France

COP 5

02.11.2012

Obviously PFOS not addressed in the report

Germany

COP 5

28.11.2012

PFOS is or has been used for surface refinement (of
which 50% in hard chrome electrolytes), photographic
industry and fire fighting. Germany has not itself
registered under Article 4 of the SC for any specific
exemption for the production or use of a substance listed
in Annexes A and B.

Hungary

COP 5

17.07.2015

Only one foaming agent distributed in Hungary and used
by disaster management bodies contained PFOS. The
Directorate used all previously procured stocks until 27
June 2011. No more specific information on PFOS in the
report.

Ireland

COP 5

02.11.2012

The only known allowed use of this substance is in very
limited quantities by the semi-conductor industry (use of
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Member State

Addressing latest
amendments of

Submission
date

Information on PFOS contained

PFOS for photoresists coatings for photolithography
processes). In recent years significant progress in the
phase out of PFOS use in such operations have been
made.
Netherlands

COP 4

11.08.2011

Stocks of unused batches of pure substances no longer
exist in the Netherlands, with one exception: the stock of
fire-fighting foam containing PFOS (largest stocks exist at
airports and chemical industry sites, such as paint
factories and petrochemical industrial parks).
As far as is known, PFOS has never been produced in the
Netherlands, but imported over a long period for a variety
of industrial applications. An estimated 390 kilo PFOS
was used each year in the Netherlands for a specific
application in the metalworking industry; use of PFOS as
a demister and humidifier for non-decorative chromeplating purposes.

Poland

COP 5

28.05.2013

No specific information on actual PFOS production or use
in Poland

Romania

COP 5

09.10.2012

It is unclear whether statements on different current uses
refer to Romania in particular or the EU in general. We
assume there are such uses in Romania, e.g. from
recommendations on risk reduction from PFOS use.

Slovakia

COP 4

14.08.2013

No substances included in the SC Annexes have been or
are produced in Slovakia in 2006 or 2012. No specific
information on actual PFOS use in Slovakia.

Spain

COP 5

16.04.2013

There might be minor uses of PFOS without alternatives,
such as toner inks, sealings and adhesive products.
Implementation measures include identification of
accepted purposes and specific exemptions.

Sweden

COP4
COP 5

12.07.2012
26.11.2014

No production ever in Sweden. The ongoing industrial use
of PFOS as mist suppressants for non-decorative hard
chromium (VI) plating in Sweden is not closed-loop. PFOS
continues to be imported for industrial applications in the
metalworking industry as wetting agents for use in
controlled electroplating systems (only ongoing permitted
use in Sweden, to be phased out by 26 August 2015).
PFOS is useful as a surfactant, wetting agent and mist
suppressing agent for chrome plating to decrease aerosol
emission and improve the work environment. PFOS is
also imported for example in hydraulic fluids for aviation
(still used with no set time limit). Imported articles still
constitute the largest proportion of imported PFOS to
Sweden (in electronic equipment and hydraulic aviation
oils, carpets, outdoor garments, packages etc.)
During the development of this NIP, information was given
on the availability on the market of effective alternatives to
this remaining use of PFOS. These alternatives will be
fully considered by the metal industry and the relevant
authorities. There are no remaining uses of PFOS in open
applications.

United
Kingdom

COP 5

10.04.2013

No production in the UK. Current use of PFOS includes
metal plating activities in the chrome industry, small
quantities in semi-conductor manufacture and limited
applications in the photographic industry, aviation sector.
PFOS-containing stockpiles have been notified to the UK
authorities for use as a wetting agent and mist
suppressant in non-decorative hard chrome plating. In
2011, a total 3,654kg of PFOS-containing material
equating to 88kg of PFOS were notified by four
companies. Information from the manufacturer suggests
that these quantities will diminish as alternatives are now
being used and products reformulated.
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Member State

Addressing latest
amendments of

Submission
date

Information on PFOS contained

Croatia

12.03.2009

PFOS not addressed in the report, since not included in
Annex B at that time

Estonia

24.05.2011

Latvia

07.06.2005

Lithuania

06.04.2007

Luxembourg

07.08.2008

Portugal

17.03.2010

Slovenia

02.02.2010

Initial NIPs without amendments

No NIP report available
Greece

Transmission pending

Italy

Signature to Stockholm Convention, but no ratification and
no entry into force

2.1

Photo imaging

Table 5: Information from several data sources related to photo imaging
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, EU, Japan, Vietnam
Ongoing use (only): Canada, Czech Republic, Turkey, Norway, Switzerland.

NIPs (EU member states)

Use: Austria, Czech Republic, Germany and United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of the Netherlands: Alternatives available
“The two smaller companies both responded that they do not use techniques that require
the use of PFOS. Their view on developments within the branch is that there are many
small companies and there are new techniques without the need to use PFOS. This view
is shared by the company which responded by telephone. Details about those
techniques were not requested” (NL submission 2016).

SWEREA (2015) and BAT/BEP
task team (2016)

There is no known current producer of PFOS, its salts and PFOSF in the EU/EEA
member states SWEREA (2015)
Alternatives exist and it is possible to replace PFOS; However for alternative trade
names and producers information is inconcsistent.
Alternative chemistry includes fluorinated alternatives:
telomer-based products of various perfluoroalkyl chain length
C3- and C4-perfluorinated compounds
hydrocarbon surfactants,
silicone products;
PFOA and PFOA-related substances (e.g. 8:2 FTOH)16
Alternative technology: digital techniques
Use specific BAT: non-PFOS-based and non-PFOA-related substances

16

PFOA and PFOA-ralted substances meet the Annex D criteria of the Stockholm Convention and is currently under review cf
http://chm.pops.int/TheConvention/POPsReviewCommittee/ReportsandDecisions/tabid/3309/Default.aspx
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The text submissions according to the POPRC 11 follow up were categorized for easier appraisal into
“alternatives available”, “alternatives available but not yet commercialised”, “information unclear” and
“continuous need”.
Conclusion: PFOS and PFOS-related substances have been used in this industry for photographic
films, film paper and reprographic plates for industrial use. According to Table 5 alternative
substances and alternative techniques are available and in place (that is also indicated by decreased
usage of these substances in EU Member States (ESWI 2011)). However Japan reported
manufacture of photographic film for industrial use is allowed as exceptions because no alternatives
exist (Japan, 2016). Also for Canada the manufacture, use, sale, offer for sale and import of
photographic films, papers and printing plates is permitted (Canada, 2013). Ongoing production and/or
use for this AP occurs also in Turkey, China and Vietnam.

2.2

Photo resist and anti-reflective coatings for semi-conductors

Table 6: Information from several data sources related to photo imaging
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, EU, Japan, Vietnam
Ongoing use (only) Canada, Turkey, Czech Republic, Norway, Switzerland.

NIPs (EU member states)

Use: Austria*, Czech Republic, Germany, Ireland and United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of the Netherlands: Alternatives available but not yet commercialised
“The industry, together with suppliers, is working on PFOS-free solutions but they claim
that more time is needed to develop qualitatively comparable PFOS-free alternatives. It
is not known how much more time it will take to develop alternatives. Some
photolithographic processes already contain PFOS-free solutions, but details about
those processes were not requested and therefore not reported” (NL submission 2016)
Submission of IPEN: Alternatives available but not yet commercialised
“The scientific literature indicates that it should be possible to develop a PFOS-free
photo-resist system. The patent literature also indicates active work in this area. For
example, patents describe fluorine-free photoresist compositions as an alternative to
PFOS/PFAS use. Fuji describes photo-resists that are “PFOS & PFAS free” (IPEN
submission 2016).
Submission of SIA: Alternatives available, information unclear
“The global semiconductor industry has dramatically reduced and replaced its overall
use of PFOS since the early 2000s. The industry has successfully replaced PFOS for
non-critical uses and new semiconductor manufacturing processes, and has dramatically
reduced emissions to minimise levels. The global semiconductor industry has reduced
global emissions of PFOS from semiconductor use to 6 kg/year (99% reduction from
emissions levels in 2005). SIA is working with member companies and suppliers to
determine whether the industry has remaining essential uses of PFOS, such as in in
photoresists and anti-reflective coatings, and whether the existing critical use exemptions
should continue” (SIA submission 2016).

SWEREA (2015)

No continuous need in the EU/EEA (since feasible alternatives exist, there is no need for
PFOS).

BAT/BEP task team (2016)

Alternatives do exist, however for alternative substances chemical identity and properties
information is inconsistent.
Photolithography is one of the most important processes in the semiconductor
manufacturing. PFOS and PFOS based substances are used in photoresist formulations
that are light sensitive polymer coatings on a silicon wafer and/or in antireflector coatings
(ARCs) as top or botoom antireflector coatings, TARCs and BARCs, respectively. The
assumed annual PFOS consumption is 46.4, 4.5 and 893.5 kg/year in 2011 for
photoresist, BARC and TARC according to industry information.
Approximatly 97% of the applied product will be spinning off the wafer, but it is unclear
whether or not the remaining approximately 3% of PFOS and PFOS-related substances
are heat cured and therefore fixed in a polymer matrix.

March 2017
Doc Ref. 38036CRea004i1

17

© Amec Foster Wheeler Environment & Infrastructure UK Limited

Information source

Summary
Alternative products without the use of PFOS are (based on an internet search in 2016):
Photoresist: GKR Series KrF from Fujifim Holdings America, various products from
Tokya Ohka Kogyo
ARCs: ARC® from Brewer Science Inc., AZ® Aquatar®-VIII Coating from EMD
Performance Materials10
Photoresist and ARCs: Dow™ Photoresists and Anti-Reflectants (non-PFOS) from The
Dow Chemical Company
For some of the products the alternatives are also fluorinated compounds, but detailed
chemical information about the alternative substances are often missing.
Alternative technology: no information.
Use specific BAT: Non PFOS and PFOS-based substances after 2011, PFOS and
PFOS-related substances for formulations commercialized before 2011.

*According to updated information from Austria the semi-conductor industry has replaced PFOS by
2015 by another PFOS-free photoresistant chemical. However no specific details besides the Weblink
on the used alternative were provided based on the claim of business confidentiality.
Conclusion: Fluorinated surfactants and fluorinated polymers are used in the semiconductor industry.
While in non-critical uses (e.g. developing agents) substitution of PFOS and PFOS-related substances
has already taken place (e.g. by PFBS (perfluorobutanesulfonic acid), perfluoropolythers or telomers
according to KEMI, 2015) for photo-resist and anti-reflective coatings for semi-conductors alternative
formulations are only recently available on the market (cf. Table 6). For reasons of business
confidentiality, information on the alternate chemistry used is inconsistent. Industry, together with
suppliers have been working on PFOS-free solutions, however more time is needed according to
industry to evaluate whether the existing critical use exemptions should continue (cf.
UNEP/POPS/COP.7/8 and UNEP/POPS/COP.7/INF/11). In Canada the manufacture, use, sale, offer
for sale and import of photo‐resists or anti‐reflective coatings for photolithography processes is
allowed (Canada, 2016). For PFOS or its salts, they are still approved for the uses including the
photosensitive film of semiconductors in Japan (Japan, 2016). Also Turkey, China and Vietnam
registered production and/or use for this AP.

2.3

Etching agent for compound semi-conductors and ceramic filters

Table 7: Information from several data sources related to etching agent for compound semiconductors and ceramic filters
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, EU, Japan, Vietnam
Ongoing use (only): Turkey, Canada, Norway, Switzerland.

NIPs (EU member states)

Use: United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of IPEN: Alternatives available but not yet commercialised
“According to a submission from Japan, alternative methods that could eliminate PFOS
for this were expected in 2014. Follow up with Japan to get information on these
alternatives for use in the POPRC Guidance and its subsequent recommendations. It
also appears that new methods are becoming available, for example using a plasma
etching process” (IPEN submission 2016).
Submission of SIA: Alternatives available
“The industry has successfully replaced PFOS for non-critical uses and new
semiconductor manufacturing processes, and has dramatically reduced emissions to de
minimis levels. As reported in 2011 by the World Semiconductor Council (WSC), the
global semiconductor industry has reduced global emissions of PFOS from
semiconductor use to approximately 6kg/year, which represents a 99% reduction from
emissions levels in 2005” (SIA submission 2016).

SWEREA (2015)
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Information source

Summary

BAT/BEP task team (2016)

Alternatives do exist and chemical identities are known, however for trade names and
producers the information is inconsistent.
PFOS has been used as a surfactant in etching processes in the manufacture of
compound semiconductors. PFOS was part of an etching agent, and rinsed out during
the subsequent washing treatment.
PFOS has also been used in the etching process of piezoelectric ceramic filters.
Alternative substances: non PFOS-based surfactants are in use for etching application
(WSC 2011 cited in the BAT/BEP document). Alternatives are short-chain perfluoroalkyl
sulfonates.
Alternative technology: no information.
Use specific BAT: Non PFOS substances.

UNEP/POPS/COP.7/INF/11

Sweden: From the suppliers of chemicals to the printed circuit manufacturers stated that
no PFOS is sold. One of the suppliers claims that PFOS may be omitted by a smaller
change in technique when the wafers are cleaned and another one states that PFOSfree desmear has been marketed before. This has not been verified by the
manufacturers of printed circuits.

Conclusion: PFOS has been used in the etching processes for compound semiconductors and
piezoelectric ceramic filters. Ongoing production and ongoing use is reported for China, EU, Japan,
Vietnam. While also Turkey, Canada, Norway and Switzerland are registered for ongoing use Canada
did not allow this use according to the NIP (Canada, 2013).
In contrast to the submission from IPEN that pointed to new information on alternatives from Japan,
the Japanese NIP dated 2016 clearly approves the use including the manufacture of the etching agent
for the piezoelectric ceramic filter or composite semiconductor for high frequency bands (Japan,
2016). This is also contradictory to the information given by the BAT/BEP task team (2016) that
quoted another information source from Japan that the use has been eliminated.
However from the presented information in Table 7 it can be concluded that industry has successfully
eliminated or is taking steps to terminate PFOS use for this AP. Alternative fluorinated substances are
available and in commerce.

2.4

Aviation hydraulic fluids

Table 8: Information from several data sources related to aviation hydraulic fluids
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, EU, Vietnam
Ongoing use (only): Turkey, Canada, Czech Republic, Norway, Switzerland, Zambia.

NIPs (EU member states)

Use: Czech Republic, Sweden, United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of the Netherlands: Alternatives available
“At present, according to the producer of Skydrol LD-4, a PFOS-related molecule
(perfluoroalkyl sulphonate) is added in low levels to this hydraulic fluid. This ingredient
provides erosion resistance of hydraulic components of the airplane. It is a critical
ingredient for avoiding damage to mechanical parts, thereby extending their operational
life. Perfluoroalkyl sulphonates are used in a closed system under controlled conditions.
Although Skydrol LD-4 contains a PFOS-related molecule, it is not considered to be a
PFOS as mentioned in the EU regulation. According to the producer of Skydrol LD-4, this
product does not contain PFOS and is therefore an alternative for PFOS-containing
hydraulic fluids. The PFOS related molecule, perfluoroalkyl sulphonate, is a critical
ingredient. Despite extensive research, no substitutes for perfluoroalkyl sulphonate have
been identified” (NL submission 2016).
Submission of Norway: Alternatives available, information unclear
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Information source

Summary
PFOS or salts are not used in Skydrol aviation hydraulic fluids. In general, due to
information gaps and trade secrets only rough descriptions of the chemical composition
of alternatives are available, e.g. that they contain phosphate esters. They are essential
in particular for military use. The Nordic Council of Ministers (2013) listed several
alternatives (non-fluorinated chemicals based on for example, phosphate esters) and
noted that very little is published concerning the chemical composition of these aviation
hydraulic oils and there is currently no possibility to assess their environmental and
health impact (NO submission 2016).
Submission of IPEN: Information unclear
“Parties apparently using this acceptable purpose: Canada, China, Czech Republic, EU,
Norway, Switzerland, Vietnam, and Zambia. From the 2012 POPRC request of
alternatives to the use of PFOS in open applications it was noted that there are a large
number of products (Arnica, Tellus, Durad, Fyrquel, Houghto-Safe, Hydraunycoil,
Lubritherm Enviro-Safe, Pydraul, Quintolubric, Reofos, Reolube, Valvoline Ultramax,
Exxon HyJet, and Skydrol) but little information about what they actually contain. A
review of the brands listed indicates that the Lubritherm Enviro-Safe claims to be “fully
biodegradable”. Since PFOS is not biodegradable, the company should be asked if that
means it does not contain the substance. Other major manufacturers such as Eastman
(Skydrol), Exxon (HyJet), and Valvoline should be questioned directly about whether
PFOS has been eliminated in their products” (IPEN submission 2016).

SWEREA (2015)

No information on alternatives and no alternative substance seem to have been
commercialised. It is not possible to conclude weather PFOS can be replaced without
detailed chemicals information about the alternatives. Due to data gaps it cannot be fully
confirmed that there is no continuous need for PFOS for aviation hydraulic fluids in
EU/EEA.

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers is inconsistent.
Aviation hydraulic fluids based on fire resistant alkyl and/or aryl phenyl phosphate esters
may contain additives such as cyclohexanesulfonic acid, decafluoro(pentafluoroethyl),
potassium salt (CAS No. 67584-42-3) and different chain-length homologs in
concentrations of about 0.05% (DEFRA 2004 cited in the BAT/BEP document)
Other possible substances are cyclohexanesulfonic acid, decafluoro(trifluoromethyl)-,
Potassium salt, CAS No 68156-07-0, cylohexanesulfonic acid,
nonafluorobis(trifluoromethyl)-, Potassium salt, CAS No. 68156-01-4 or
cyclohexanesulfonic acid, undecafluoro-, Potassium salt, CAS No.3107-18-4
Use specific BAT: Perfluoroethylcyclohexyl sulfonate potassium salt (PFOS related
substance)

According to LubeCorp Manufacturing Inc. Lubritherm All-Temp Hydraulic Fluid is PFOS free but not
approved for the aviation sector (D. Kuzma, personal communication, 22.02.2016). According to
information from Germany 95 % of the aviation hydraulic fluids used are produced by ExxonMobile
and Solutia (Skydrol), who state that PFOS is not used in their products anymore
(UNEP/POPS/COP.7/INF/12). However according to DEFRA (2004) the PFOS-related substance
cyclohexanesulfonic acid, decafluoro(pentafluoroethyl), potassium salt has been used rather than
PFOS in hydraulic fluids
Conclusion: Several countries including China, Vietnam, Canada, the EU, Norway, Switzerland,
Turkey and Zambia registered for ongoing use for PFOS (for production China, EU and Vietnam only).
Fluorinated phosphate esters (that may contain other fluorinated additives) are used alternatives but
no detailed information concerning their performance, chemical composition of the aviation hydraulic
oils or environmental and health impacts is available. The hydraulic fluids existed before PFOS was
industrially available and the oil based fluids might be an alternative (UNEP/POPS/COP.7/8). Overall
the knowledge about used alternatives is very limited for this AP.
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Metal plating (hard metal plating) only in closed-loop systems

Table 9: Information from several data sources related to hard metal plating only in closed-loop
systems
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, EU, Vietnam
Ongoing use (only): Canada, Czech Republic, Norway, Switzerland, Turkey

NIPs (EU member states)

Use: Austria, Czech Republic, Denmark, Germany, the Netherlands, Sweden and United
Kingdom.

Submissions according to the
POPRC 11 follow up

Submission of the Netherlands: Continuous need
NL Suppliers do offer PFOS-free products. However, not all processes are suitable for
the use of PFOS-free mist suppressants/wetting agents. The main reason is the reduced
quality of chrome plating with PFOS-free products. Another important reason is that the
reduction of surface tension by alternatives is lower and could therefore lead to higher
exposure to chromium (VI) (Cr-VI) for the worker. In some processes (not specified), it is
possible to switch from Cr-VI to Chromium III (Cr-III). Exposure to Cr-III is less toxic to
workers compared with Cr-VI. Therefore, from an occupational point of view, there is less
need for PFOS. When a company switches from Cr-VI to Cr-III, this is often
accompanied by abandoning the use of PFOS.
The use of PFOS is considered essential for metal plating by industry.
Costs of phasing in alternatives varies per company. Tests with alternative products may
cost a company €50,000 to €150,000 per test and a test cycle has a minimum length of
at least 1 year. However, the representatives indicate that the costs are mainly related to
the costs of phasing in the alternative in practice and not in the costs of testing. Most
relevant for the cost is whether the alternative is a drop‐in alternative or that new
installations (tanks, baths, etc.) are required.
One company has delivered a last delivery of PFOS containing Fumetrol in 2008. The
present product for testing contains 1H,1H,2H,2H perfluorooctane sulfonic acid (CAS no.
27619 97‐2).
Industry considers it easier to find an alternative for decorative metal plating than for
hard metal plating. However, changing the chromium plating from Cr-VI to Cr-III, which
may result in a lower need of PFOS, however this is not an option for all processes or
operators.
Industry considers "closed loop" in this case indicates that the release to the environment
is minimised, and specifically focusses on the release of chromium. Closed loop refers to
the water treatment and the prevention of PFOS emissions to open waters. Industry
suggests to remove the term ‘loop’ and only refer to ‘closed systems’ (NL submission
2016).
Information covered by the submission of Norway: Alternatives available but not yet
commercialised
Note that a differentiation “closed loop systems” versus “non-closed loop systems” is not
made in this source: “For hard chrome plating, the process with Cr-III as an alternative
does not function. Performance of non-PFOS fume suppressant is not equal to that of
PFOS based ones. Alternatives are available, primary alternative in Nordic countries:
CAS number 27619-97-2: 1H,1H, 2H,2H perfluorooctane sulfonic acid (Fumetrol® 21).
For a list of producers and suppliers see Poulsen et al. (2011)” (NO submission 2016).
Information covered by the submission of Germany: Alternatives available, information
unclear
One case of hard chrome metal plating is known that has no longer used PFOS for its
production since 2008. In this case PFOS has no longer been additionally dosed
(replenished) in the hard chrome electrolytes; however, the existing process solution has
not been replaced completely.
In practice, only one production site has been met that applies as a matter of principle all
nine provisions for a largely closed PFOS loop; other production sites apply the
provisions only partially in order to strive for a closed loop channel for PFOS.
Potential alternatives for PFOS (see Table 3 in Blepp et al. (2015) in detail):
Fluorinated substitutes, comparable to PFOS in applications and applicable in nearly all
processes, such as chrome sulfur acidic mordant, brilliance chrome and hard chrome
electrolytes. Most common representative: H4PFOS12 (C8F13H4SO3-). Subgroups of
fluorinated substitutes are:
i) short-chain fluorinated tensides
ii) polyfluorinated tensides
iii) polyfluor compounds
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Information source

Summary
Fluor-free substances, to some extent used in brilliance chrome electrolytes; a use in
hard chrome electrolytes is feasible as well. According to current state of knowledge the
application of such substances has to be examined for each particular case. Among
others, alternative technologies are mentioned as well, such as „PTFE coated balls on
top of bath“ (DE submission 2016).
Information covered by the submission of IPEN: alternatives available
“The German national metal plating association (ZVO) describes the availability of
PFOS-free alternative products from 10 German suppliers. It would be useful to reinvestigate these alternatives and process changes to update the guidance on their state
of implementation. Finally, it appears that at least two countries that have used PFOS in
hard chrome plating no longer permit the substance for that use, indicating technically
feasible substitution. It would also be important to follow-up with Japan and Norway on
developments in PFOS alternatives for this use. Overall, it appears that there is active
work on alternatives in this area and the feasible alternatives have been implemented”
(IPEN submission 2016).

SWEREA (2015)

There is no known current producer of PFOS, its salts and PFOSF in the EU/EEA
member states.
Fluorinated alternatives: PFBS, 6:2 Fluorotelomer sulfonate (6:2 FTS; CAS RN 2761997-2) as well as Non-fluorinated Alternatives: Alkylsulfonate (trade name: TIB Suract
CR-H, TIB Chemicals AG) and Amino-ethanol (CAS RN 141-43-5).
Fully available and acceptable alternative technologies commercially available
worldwide, there is no need to use PFOS, PFOS-derived, -containing or –releasing
chemistry in closed loop hard metal plating processes. Therefor it is possible to replace
PFOS but at least five Member States in EU/EEA have declared continuous need for this
acceptable purpose namely, Denmark, Finland, Norway, Sweden, Belgium and Slovenia.

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers is available and known.

Use specific BAT:
Non PFOS-based mist suppressant
PFOS-based mist suppressant in a “closed-loop system” that fulfills the criteria
summarized in the guidance.

In China additionally available PFOS alternatives used for chrome plating are F-53 (1,1,2,2-tetrafluoro2-(perfluorohexyloxy)ethane sulfonate, CAS RN 756426-58-1) and F-53B (potassium 2-(6-chloro1,1,2,2,3,3,4,4,5,5,6,6-dodecafluorohexyloxy)-1,1,2,2-tetrafluoroethane sulfonate, CAS RN 73606-196) (OECD 2015a).
Poulsen et al. (2011) have shown that it is feasible to apply PFOS-free agents for atomised spray
suppression for non-decorative hard chrome plating (Cr-VI) in closed circulation systems. However in
laboratory scale experiments a physical alternative, PTFE coated balls, did not lower chromium
emissions from the chrome bath. Mesh or blanket solutions could be suitable for large scale series
plating or uniform products depending on further investigations. In the same study Cr-VI emission
were reduced radically by avoiding air convection Poulsen et al. (2011). Also UNEP/POPS/POPRC.9/
INF/11/Rev.1 mentioned that the use of control devices, such as Composite Mesh Pads (CMP) or
Packed Bed Scrubbers (PBS), to catch aerosols from chromium plating baths offers an alternative to
the use of PFOS.
Blepp et al (2013) described a closed reactor system as a technical alternative for surface coating (for
e.g. hard chromium plating). The costs would equal for a new installation of a galvanization process.
The Norwegian association of electroplaters (NGLF) has estimated the cost of replacing Cr-VI in
plating baths with Cr-III to be approximately NKR100,000 (US$15,000–16,000) per bath
(UNEP/POPSRC.9/INF/11/Rev1).
Conclusion: Some countries including Norway or Germany and other information sources indicate that
fluorinated and non-fluorinated alternative substances and technologies are available and substitution
is underway. Some alternatives have been tested but have been found to be less efficient and not all

March 2017
Doc Ref. 38036CRea004i1

22

© Amec Foster Wheeler Environment & Infrastructure UK Limited

processes are suitable for the use of PFOS-free mist suppressants/wetting agents. Besides China,
Vietnam, Turkey, Norway and Switzerland several EU member states indicated continuous need for
this AP. Canada and Japan discontinued this use according to their NIPs (Canada, 2016; Japan,
2016). Brazil mentioned in its NIP dated 2015 that the reduction of PFOS in the metal plating sector
has high priority (Brazil, 2015).

Discussion on the characteristics of “closed loop systems”
Further consideration on the term ‘closed loop’ systems is provided here to help further explain the
issue, this is provided as the definition of ‘closed loop’ can vary dependent on different understanding.
It is also necessary to make clear that even with ‘closed loop’ systems this does not mean ‘zero’
generation of pollutants as waste still needs to be carefully managed. However closed systems do
represent best available technology (BAT) and best environmental practices (BEP) against open
systems. Recently the BAP/BEP Guidance document for PFOS included information on “closed loop”
systems (BAT/BEP task team, 2016).
During hard metal plating, a significant amount of gases may be released from the process tank. The
generated gases rise to the surface of the tank as bubbles, burst at the surface and form aerosols
which are released to the atmosphere. If no mist suppressant agents or other technology are used,
aerosols consisting of process liquids containing e.g. chromic acid may expose workers and the
environment (Poulsen et al. 2011).
The concentration of the PFOS in the mist suppressant chemical formulation is typically 1-15 %
depending on the formulation (supplier), and the amount of the formulation to be used for a hard
chrome plating bath is typically between 10 – 60 ml for a 100 litre chrome bath – of course depending
on the concentration of PFOS in the mist suppressant chemical. Additional PFOS needs to be added
to the chrome bath on a regular basis, as PFOS is being degraded in the chrome bath. The degree of
PFOS consumption depends on the electrical charge (ampere hours) used for the chrome bath. When
the chrome bath is contaminated and cannot be used anymore, the liquid has to be disposed of as
chemical waste. In Denmark, it is sent to a chemical waste plant where the chromium is precipitated.
The filter cake is incinerated and the slag from the incineration is disposed on a landfill. The liquid is
sent to a wastewater treatment plant after removal of chromium and other metals. The residues of
PFOS and degradation products will follow the waste water and end up in sewage sludge (Poulsen et
al. 2011).
According to Poulsen et al. (2011), a great part of PFOS used in this industry will probably end up in
the nature. That is confirmed by the high levels of PFOS recently found in agricultural soils treated
with sewage sludge in the US and in Germany. On the other hand, the German national metal plating
association (ZVO) states that in the case of Germany only 20% of the applied PFOS is lost. The US
EPA has recently discovered that the metal plating industry is a major contributor to the pollution of
perfluorinated chemicals into sewage water in the US, and this is especially alarming as the chemicals
pass undegraded through sewage treatment plants into lakes and streams (Poulsen et al. 2011).
The metal plating industry in the Netherlands considers that “closed loop” refers to the water treatment
and the prevention of PFOS emissions to open waters. Industry suggests to remove the term “loop”
and only refer to “closed systems”. Besides, respondents do not always know exactly whether their
process is open or closed. Emissions to the environment are being minimised with the Best Available
Techniques. Respondents describe the concept of “closed system” as a system which has a
minimised exposure of workers as a result of measures like non recirculating ventilation. This is a
different interpretation compared to the concept of a closed system in which there is absolutely no
contact between PFOS and the environment. Further, it is highlighted that the chromium plating
process by means of chromium baths is a relatively stable process in which the composition is
maintained constant by addition of chromium acid, and sulphuric acid and a low dose of PFOS. If the
chromium bath contains impurities, the bath is disposed of through a certified waste treatment
company. Products that have been chromium plated are rinsed above the baths. Drag out and rinsing
is described in the EU BREF on surface treatment of metals and plastics (EUROPEAN COMMISSION
2006). Finally, respondents also stated in this connection that the foam layer covering the chromium
bath is essential in reducing the chromium evaporation, but it should be very well defined and exhaust
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ventilation is necessary as hydrogen is produced. If hydrogen accumulates above the chromium
baths, this may induce the risk of explosion. This also indicates why the chromium baths are not
completely closed (NL submission 2016).
Comprehensive information, in relation to a description/definition of a closed loop system has been
provided by Germany (DE submission 2016; Blepp et al. 2015). Currently, no uniform definition of
closed loop systems is available. Therefore, in the document, examples from five existing
electroplating facilities are used to depict the characteristic features of a closed loop system and what
measures can be applied to extend the closed system.
In summary, a largely closed loop system shows the following characteristics according to Blepp et al.
(2015):
 Process tanks with more efficient extraction to minimise the releases of chromium-VI
aerosols
 Dedicated exhaust air scrubbers with recirculation of the washing solution into the
process solution
 Only documented throughput - or needs-based dosing of PFOS
 Recirculation of the PFOS-containing chrome electrolyte by rinsing the plated products
above the baths
 Using multistage cascade rinsing for extensive recirculation of PFOS to achieve a high
rinsing ratio without a high water consumption
 Using an evaporator to concentrate the rinsing solution and recovery of the process
solution while also using the excess heat of the process
 Return of high-concentration rinsing water to compensate for evaporation losses of the
electrolytes
 Extending lifetime of the PFOS containing chrome electrolyte by using ion exchange to
remove accumulated impurities such as contaminating metals and Cr-III (regeneration of
cationic resins with sulphuric acid and their reuse in the waste water treatment process
 Treatment of PFOS containing waste water partial flows with PFOS specific ion
exchangers
Several characteristics described in the German submission were already highlighted within the BREF
document on surface treatment of metals and plastic. With regard to PFOS, it is stated that it is BAT to
minimise its use by controlling additions (e.g. by measuring surface tension), minimising fumes to be
controlled by techniques including floating surface insulation sections: however, occupational health
may be an important factor (EUROPEAN COMMISSION, 2006).
Further, the BREF document indicates that hexavalent Cr-VI plating can be operated as closed loop
for chromium. This is achieved by a combination of cascade rinsing and an evaporator to ensure that
the rinsing water is in equilibrium with the evaporation. Ion exchange is used to remove accumulated
impurities. The plating bath is followed by reversed cascade rinsing. The rinsing water is treated on
cationic resin (to retain Cr-III and other cations) and then concentrated on an evaporator to get a
concentrate rich in chromic acid. This acid is sent back to the working bath. The distillate is recycled in
the rinsing step. Chromic acid and other components (such as foam suppressant e.g. PFOS) are
recycled in the process (EUROPEAN COMMISSION, 2006).
However, the BREF document also stipulates that closed loop does not mean zero discharge: there
may be small discharges from the treatment processes applied to the process solution and process
water circuits (such as from ion exchange regeneration). It may not be possible to keep the loop
closed during maintenance periods. Wastes and exhaust gases/vapours will also be produced. There
may also be discharges from other parts of the process line (EUROPEAN COMMISSION, 2006).
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The following table summarizes the main characteristics of closed loop systems in hard metal
plating and associated techniques in order to reduce PFOS/Cr-VI emissions and/or substitute PFOS
in the process. The BAP/BEP Guidance document for PFOS also has recently included nine criteria to
achieve “closed loop” performance (BAT/BEP task team, 2016).
Table 10: Characteristics of closed loop systems in hard metal plating and associated techniques in
order to reduce PFOS/Cr-VI emissions and/or substitute PFOS in the process
Information sources

Definition of “closed loop
system” and/or specific
techniques applied

Explanation / Understanding of closed loop system
and/or of specific techniques applied in order to
reduce emissions and/or substitute PFOS in the
process

European Commission 2006;
Poulsen et al. 2011;
Blepp et al. 2015

Controlling and documenting
additions of PFOS (measuring,
when additional mist
suppressant is needed)

Controlling and documenting additions of PFOS (e.g.
by measuring surface tension).
The fluorinated mist suppressant is added only when
necessary, i.e. when an increased formation of
aerosols in the chromic acid bath is foreseen. Some
methods (mentioned by suppliers) exist today for
measuring, when additional mist suppressant is
needed, but these methods are not used in most
plants. It is merely the experience of the workers and
their assessment that determines when additionally
mist suppressant is needed. This means that larger
amounts of PFOS than strongly needed may be used,
even though the high price probably prevents
excessive use of PFOS.

European Commission 2006;
NL submission 2015;
Blepp et al. 2015;
Poulsen et al. 2011
SWEREA 2015;
UNEP/POPS.COP.7/INF/21

Using optimized covering of
the chromatic acid bath (or
enclosure of the bathe and
optimized exhaustion) e.g.
Floating surface insulation
section and efficient extraction
of process bath and or large
closed tanks or increased
ventilation combined with
extraction of Cr-VI

Minimising fumes to be controlled by techniques
including floating surface insulation sections
(occupational health may be an important factor).
If H2 accumulates above the chromium baths, this may
induce the risk of explosion. This also indicates why
the chromium baths are not completely closed.
Using efficient extraction of process baths in order to
minimise the releases of Cr-VI aerosols
Instead larger closed tanks, or increased ventilation
combined with an extraction of Cr-VI are suggested as
alternative solutions for the applications where a use of
Cr-III is not possible yet.

Blepp et al. 2015

Exhaust air scrubbers and
recirculation

Dedicated exhaust air scrubbers with recirculation of
the washing solution into the process solution

European Commission 2006;
Blepp et al. 2015;
SWEREA 2015;
UNEP/POPS.COP.7/INF/21

Closing the loop by applying a
combination of cascade
rinsing, evaporation, ion
exchange, etc.
(possibly also using excess
heat);
Extending lifetime of eh PFOS
containing chrome electrolyte
by treating PFOS containing
waste water partial flows with
PFOS specific ion exchangers

Using multistage cascade rinsing for extensive
recirculation of PFOS to achieve a high rinsing ratio
without a high water consumption
Applying a combination of cascade rinsing and an
evaporator to ensure that the rinsing water is in
equilibrium with the evaporation. Ion exchange is used
to remove accumulated impurities. The plating bath is
followed by reversed cascade rinsing. The rinsing
water is treated on cationic resin (to retain Cr-III and
other cations) and then concentrated on an evaporator
to get a concentrate rich in chromic acid. This acid is
sent back to the working bath. The distillate is recycled
in the rinsing step. Chromic acid and other
components (such as foam suppressant e.g. PFOS)
are recycled in the process.
Treatment of PFOS containing waste water partial
flows with PFOS specific ion exchangers.
Extending lifetime of the PFOS containing chrome
electrolyte by using ion exchange to remove
accumulated impurities such as contaminating metals
and CrIII (regeneration of cationic resins with sulphuric
acid and their reuse in the waste water treatment
process.

SWEREA 2015;
[UNEP/POPS.COP.7/INF/21]

Using a single static rinse in
combination with seven rinsing

When hot electrolytes with high evaporation rates are
used, closing of the material loop can sometimes
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Information sources

European Commission 2006;
Blepp et al. 2015;
NL Submission 2015

Definition of “closed loop
system” and/or specific
techniques applied

Explanation / Understanding of closed loop system
and/or of specific techniques applied in order to
reduce emissions and/or substitute PFOS in the
process

steps in a pumped, very slowly
flowing, and rinse cascade.

already be achieved by simple methods such as using
a single static rinse in combination with seven rinsing
steps in a pumped, very slowly flowing, and rinse
cascade. But in most cases, an evaporator is required
to regain the electrolyte from the rinse water.

Proper treatment of waste
water (i.e. stabile process,
proper disposal of the
chromium bath in case or
impurities, plated products are
rinsed above the bath)

Recirculation of the PFOS-containing chrome
electrolyte by rinsing the plated products above the
baths.
The chromium plating process by means of chromium
baths is a relatively stable process. The composition is
maintained constant by addition of chromium acid, and
sulphuric acid and a low dose of PFOS. If the
chromium bath contains impurities, the bath is
disposed of through a certified waste treatment
company. Products that have been chromium plated
are rinsed above the baths. Drag out and rinsing is
described in the EU BREF on surface treatment of
metals and plastics.

Discussion on hard metal plating and decorative metal plating
Metal plating is dealt with under the restrictions of PFOS in Annex B as an acceptable purpose (only in
closed loop systems) and as specific exemptions (for hard and decorative metal plating, see chapter
1.1). While only hard chromium plating in closed loop systems is allowed in EU/EEA countries a
definition and use description for these use definitions/processes is important. The distinction between
“non-decorative hard metal plating” and “decorative metal plating” is sometimes misleading and no
definition is proved in the current EU legislation.
According to Blepp et al. (2015) no decorative hard metal plating exists and the term should be
replaced by “functional metal plating” (Blepp et al. 2015). UNEP/POPS/COP.7/INF/21 used the term
“functional hard metal plating” and provided guidance for a distinction between functional and
decorative metal plating. For hard metal plating the thickness of the layer (usually 0.2mm or more)
cannot serve as the sole distinguishing feature. Desirable properties are also hardness (in general
above 850 Vickers (HV30) or 65 Rockwell (HRC)), wearability, corrosion resistance, lubricity and a low
coefficient of friction. Blepp et al. (2015) also points out that purpose and function is important for the
distinction of decorative and hard chromium plating because there are transitions between those two
processes.
In the submission from the Netherlands (2016) industry also indicated that decorative metal chromium
generally have lower hardness (600‐700 Vickers hardness of 800‐1000 kg/mm 2) compared to hard
chromium plating (>850 Vickers hardness of 800‐1000 kg/mm2). Table 11 also compiles other
characteristics provided by the Netherlands.
Table 11: Parameters for chromium plating (Source: NL submission 2016)
Parameter

Hard Chromium

Decorative Chromium

Chromic acid (g/l)

250

250

Temperature (F)

120 – 140

90 – 120

Cathode

Part to be plated

Part to be plated

Anode

Lead – antimony alloy

Lead – antimony alloy

pH

<1

<1
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Sulphate catalyst (g/l)

2.5

2.5

Plating time

5 minutes – 24 hours

Up to 5 minutes

Current density

500 Amps/Square foot

175-300 Amps/Square foot

For the REACH authorisation for chromium trioxide the following use definition by the CTAC
consortium were agreed for functional chrome plating17: “An industrial use, meaning the
electrochemical treatment of surfaces (typically metal) to deposit metallic chromium using a solution
containing chromium trioxide (amongst other chemicals), to enhance wear resistance, tribological18
properties, anti-stick properties, corrosion resistance in combination with other important functional
characteristics. Such secondary functional characteristics are chemical resistance, able to strip,
unlimited in thickness, paramagnetic, deposit not toxic or allergic, micro-cracked brightness. Process
characteristics are closed loop processing, high speed, flexibility in size, plating of inner surfaces, low
process temperature, surface can be machined, assimilability. Functional chrome plating may include
use of chromium trioxide in pre-treatment and surface deposits unlimited in thickness but typically
between 2 μm and 5,000 μm.”
The term “functional plating with decorative character” is used in the proposal for the REACH
authorisation that is defined as follows: “The electrochemical treatment of metal, plastic or composite
surfaces to deposit metallic chromium to achieve an improvement in the surface appearance, level of
corrosion protection and to enhance durability. In functional plating with decorative character,
chromium trioxide is used to deposit a coating of typically 0.1- 2.0 μm, or, where increased corrosion
resistance is required, a ‘micro cracked’ chromium deposit at thicknesses of typically 0.5 - 2.0 μm,
over a nickel under-coat. Functional plating with decorative character may include use of chromium
trioxide in a series of pre-treatments and surface deposits. Functional plating with decorative character
is used widely in automotive, plumbing, household appliances and bathroom, furniture and homeware
applications. Functional plating with decorative character includes black chrome plating provided that
there is no residual Cr-VI on the surface of the article at the detection limit, which has been used, for
example, in solar panel manufacture, where deposits are porous and <1 μm in thickness” (CTAC
2015). Other uses defined are “Surface treatment for applications in the aeronautics and aerospace
industries (unrelated to Functional chrome plating or Functional chrome plating with decorative
character)”, “Surface treatment (except ETP) for applications in various industry sectors namely
architectural, automotive, metal manufacturing and finishing, and general engineering (unrelated to
Functional chrome plating or Functional chrome plating with decorative character)” and “Passivation of
tin-plated steel (ETP)” (CTAC 2015).

2.6

Table 12:

17
18

Certain medical devices (such as ethylene tetrafluoroethylene
copolymer (ETFE) layers and radio-opaque ETFE production, in
vitro diagnostic medical devices, and CCD colour filters)
Information from several data sources related to certain medical devices

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, Japan, Vietnam

Submissions according to the
POPRC 11 follow up

Submission of Norway: Information unclear
The following fluorinated compounds have been used and sold in Finland, Denmark and
Sweden within processing medical or other healthcare products:
Tetraethyl ammonium heptadecafluorooctane sulphonate (CAS RN 56773-423), a PFOS-related substance.
Tetraethylammonium perfluorobutane sulphonate (CAS RN 25628-08-4).

Available at : http://www.jonesdayreach.com/SitePages/News.aspx, 2016-02-22
Tribology is the science of surfaces in motion and covers friction, lubrication and wear
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Information source

Summary
The exact use is not known. The use was about 150 kg of pure fluorinated substances in
the three above-mentioned Nordic countries in 2011 (NO submission 2016).
Information covered by the submission of IPEN: Alternatives available but not yet
commercialized, Information unclear
“Gradual phase-out of existing endoscopes will permit the use of PFOS-free equipment.
Japan stated in 2008: To make all CCDs in video endoscope PFOS-free, it will take at
least several years. Therefore, it would be useful to investigate the PFOS use in
endoscopes in China, Japan, and Vietnam to determine if the acceptable purpose for this
could be eliminated or a timetable established that might permit moving this use to a
specific exemption. A survey of Parties’ PFOS use reported in 2015 at COP7 did not
indicate any use of this acceptable purpose” (IPEN submission 2016).

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers is inconsistent.
Use specific BAT: insufficient information

Conclusion: While Japan has registered for this AP, according to the NIP, PFOS, or its salts, and
perfluorooctane sulfonyl fluoride (PFOSF) were designated as Class I Specified Chemical Substance
in April 2010 under the Chemical Substances Control Law, and their manufacture, import and use are
virtually prohibited with no exception for this particular AP (Japan, 2016). Therefor the only countries
registered and probably use this AP are China and Vietnam.

2.7
Table 13:

Fire fighting foam
Information from several data sources related to fire fighting foam

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China, Vietnam
Ongoing use (only): Canada, Switzerland, Cambodia, Zambia

Submissions according to the
POPRC 11 follow up

Submission of Norway: Alternatives available
PFOS-containing FFFs are still in use but not manufactured any more (apart from
China). Pure C6 fluorotelomer has proved challenging and more expensive (20% more
C6 fluorosurfactant required than the older C6/C8 mix). Fluorinated C6 technology is
commercially available worldwide. Same fluor-chemistry is also used in a variety of
building and construction products relating to light weight concrete, concrete sandwich
panels, and light weight concrete blocks, at least in Australia. Non-fluorinated
alternatives for use do exist (NO submission 2016).
Submission of IPEN: Alternatives available
“This use should be prioritised for ending as it is an open application and many
alternatives are available. POPRC already recommended that since alternatives are
available, “parties should stop using PFOS” for this use. PFOS use in fire-fighting foam
should either be eliminated or converted to a specific exemption to establish a phase-out
timeline” (IPEN submission 2016).

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers are available and known.
Alternative Substances:
•Short-chain fluorotelomer-based surfactants from various suppliers such as Chemguard,
Chemours and Dynax . Each supplier offers a portfolio of products. Details on AFFF
surfactant structures can be found in Backe et al. 2013 cited in the BAT/BEP document.
•Non-fluorinated alternatives exist and are in use but often cannot achieve the stringent
performance requirements. The chemical nature of these alternative surfactants is not
known except that they are either hydrocarbon-based or silicone-based.
Alternative Technology: No information
Use specific BAT: insufficient information
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Conclusion: PFOS-free fire-fighting foams are available but non-fluorinated alternatives often cannot
achieve the stringent performance requirements. Short-chain fluorotelomer-based surfactants from
various suppliers such as Chemguard, Chemours and Dynax (BAT/BEP task team, 2016) and other
fluorinated chemicals like polyperfluorinated alkyl thiols and for class B fires mainly 6:2 fluorotelomer
based (6: 2 FTSAS (fluorotelomermercaptoalkylamido sulfonate) 6:2 FTAB (fluorotelomer sulfonamide
alkylbetaine) are used (Kemi, 2015). Non-fluorinated alternatives exist and are in use but often cannot
achieve the stringent performance requirements.
According to the register of acceptable purposes the countries that claimed ongoing production and/or
ongoing use are China, Vietnam, Canada, Cambodia, Switzerland, Zambia. Canada only allowed the
use until May 2013 of PFOS‐based aqueous film forming foams (AFFFs) (Canada, 2013). Cambodia
uses existing stocks of AFFs for emergency purpose (Cambodia, 2016).

2.8

Insect baits for control of leaf-cutting ants from Atta spp. and
Acromyrmex spp.

Table 14: Information from several data sources related to insect baits for control of leaf-cutting ants
Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: Brazil, Vietnam

Submissions according to the
POPRC 11 follow up

Information covered by the submission of Brazil: Continuous need
In particular a conclusion on Fipronil is drawn: Fipronil is not registered for all of the
relevant ants (“fipronil is registered only for dicotyledonous leaf-cutting ants (Atta
sexdens and A. laevigata) and is not registered for grass-cutting ants”) in Brazil and is
not considered an appropriate alternative due to environmental and health concerns and
low efficiency (“fipronil is not an alternative insecticide for the control of leaf-cutting ants,
because its use may affect health and the environment (UNEP / POPS / POPRC.8 / 10,
item b-SC6-5), and because it has low efficiency in this control.”) (BR submission 2016).
Submission of Norway: Alternatives available
A number of chemical alternatives are available with a multitude of uses: Chlorpyrifos,
Cypermethrin, mixture of Chlorpyrifos and Cypermethrin, Fipronil, Imidacloprid,
Abamectin, Deltamethrin, Fenitrothion, mixture of Fenitrothion and Deltamethrin but none
of these are fluorochemicals. In addition there are a number of other pesticides which
contain one or several fluorine atoms, typically as –CF3 groups. Up to now no studies on
levels of use and no overview of producers (NO submission 2016).
Submission of ABRAISCA (Leaf-Cutting Ants Industry Association): Continuous need
Currently, the active ingredients registered in Brazil for producing insect baits to control
leaf-cutting ants are sulfluramid, fipronil and chlorpyrifos. The last two are considered
more acutely toxic to humans and the environment than sulfluramid. Furthermore, the
effectiveness of these substances has been questioned, new alternatives are being
studied in Brazil. Sulfluramid cannot currently be efficiently replaced in Brazil by any
other registered products commercialised for the same purpose. Sulfluramid is the only
active ingredient with all the properties necessary for effective functioning as insect bait,
which makes it the only effective option for controlling leaf-cutting ants. Fenoxycarb,
pyriproxyfen, diflubenzuron, teflubenzuron, silaneafone, thidiazuron, tefluron, prodrone,
abamectin, methoprene, hidramethylnon, had been tested in Brazil for leaf-cutting ants,
but they were not effective (ABRAISCA submission 2016).
Submission of IPEN: Alternatives available
“Parties apparently using this acceptable purpose are Brazil and Vietnam. This use
should be prioritised for ending as it is an open application. These two species of ants do
not exist in Vietnam so a Secretariat inquiry about the need for this acceptable purpose
would be useful. A study of parasites associated with leaf-cutting ants demonstrates a
new possible non-chemical control method for these two species of leaf cutting ants in
the form of specialised parasites. Escovopsis is a group of parasites that attack the
fungal crops raised by the ants. It would be useful to inquire with Brazil about the
possibility of moving this acceptable purpose to a specific exemption” (IPEN submission
2016).

BAT/BEP task team (2016)
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Information source

Summary
Assessment of BAT and BEP poses a challenge because the two genera of ants affect
so many different agribusinesses of all sizes. Although quite a number of publications
and submissions by Parties are available, their focus is mainly on ways to control the
genus Atta whereas little information is available on controlling the genus Acromyrmex.
Alternative Substances:
Fipronil (CAS No. 120068-37-3): .In Brazil, it is only registered for use in baits to control
certain Atta species (i.e., dicotyledonuous leaf-cutting ants) but does not control grasscutting ants. Insufficient data to determine whether or not this alternative substance is
BAT.
Hydramethylnon (CAS No. 67485-29-4): A special formulation of hydramethylnon, sold
under the trade name Amdro® Ant Block, is currently the only widely available bait
product labeled for control of leaf cutting ants in the USA. This product may not be used
in agricultural sites (e.g., livestock pastures, gardens, cropland) ..
Use specific BAT:
1. Thermo-nebulization with fenitrothion, chlorpyrifos, or permethrin: For initial large area
land preparation and high infestation rate on mature Atta nests
2.Mechanical Control: Excavation of the young nests and capturing the ant queens
3. “Barriers” fastened around tree trunks, such as plastic tape coated with grease, plastic
cylinders and strips of aluminum: For small areas, such as small orchards
4. Dried-powder dusting with Deltamethrin: To control nests no larger than 5m2, to
control young Atta colonies. to control certain Acromyrmex species
5. Baits containing Sulfluramid (EtFOSA): For all other suitable uses

According to the Brazilian NIP dated 2015 the authorized use of sulfuramid in Brazil exceeds the
exemptions provided for in the Convention. Until January 2016 use as paste to control termites, paste
to control cockroaches, paste and granulated bait to control household ants shall be prohibited. Latin
American countries are the main destination of sulfluramid-based insecticide exports (Brazil, 2015).
Conclusion: Brazil requested the registration of an acceptable purpose for the use of sulfluramid as
bait insecticide to control the leafcutter ants Atta spp. and Acromyrmex spp. Sulfluramid is a PFOSrelated substance that is not included in the PFOS definition of the Convention. Based on information
from Brazil Sulfluramid was used in other applications than to control leaf cutting ants so probably this
is also the case in other countries. Concerning alternative substances and techniques information is
mainly available on ways to control the genus Atta with little information for the genus Acromyrmex.
Alternatives including knowledge of alternative techniques, information on chemical identity and
properties and on trade names and producers are available (cf. Table 14) but might be not suitable or
all applications. Therefore further scientific studies and research should be undertaken to further
reduce and eliminate the use of sulfluramide in the future.
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Compilation of information submitted on
alternatives to PFOS, its salts, PFOSF and
their related chemicals and additionally
identified information – specific exemptions

3.1 Photo masks in the semiconductor and liquid crystal display (LCD)
industries
Table 15:

Information from several data sources related to photo masks in the semiconductor and
liquid crystal display (LCD) industries

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use: Korea

NIPs (EU member states)

Use: United Kingdom

Submissions according to the
POPRC 11 follow up

No specific submissions for this SP

BAT/BEP task team (2016)

The knowledge of alternative substances/technology is available but for chemical identity
and properties as well as trade names and producers the information is inconsistent.
The WSC reported in 2011 that the use of PFOS in etchants has been eliminated (WSC
2011 cited in the BAT/BEP document).
Alternative Substances: No information.
Alternative Technology: A dry process exists and is practiced for some specific cases for
photo masks for the semiconductor industry.
Use specific BAT: Non PFOS based surfactancts

Conclusion: According to the register of SEs China and Korea claimed ongoing production and/or
ongoing use. From the NIPs, ongoing use was reported from United Kingdom. Information on
alternatives is available but chemical identify and properties, and trade names and producers were not
identified. According to industry information this use has been eliminated.

3.2
Table 15:

Metal plating (hard metal plating)
Information from several data sources related to metal plating (hard metal plating)

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use (only): Korea. Brazil has withdrawn its ongoing use on 21 August 2015.

NIPs (EU member states)

Use: Denmark, the Netherlands, Sweden and United Kingdom

Submissions according to the
POPRC 11 follow up

Please see also submissions in Chapter 2.5 (except for information on closed loop).
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Information source

Summary

UNEP/POPS.COP.7/INF/21

Article 15 reporting information from suggested that for metal plating (hard metal and
decorative plating), some parties report users having switched to PFOS-free chemicals.
One alternative substance that has been identified for use is “3,3,4,4,5,5,6,6,7,7,8,8,8Tridecafluorooctane-1-sulphonate”, (or 1H,1H,2H,2H- Perfluorooctane sulfonic Acid,
CAS RN 27619-97-2). Another alternative substance that has been identified for use is
perfluorobutane sulfonate, CAS RN 29420-49-3. However H4PFOS is not considered a
suitable substitution chemical for PFOS by some parties, given its persistence and
estimated substance characteristics, which are similar to PFOS. Alkylsulfonates are
commonly used, degradable surfactants. The exact formulation is confidential business
information, but the substitution of PFOS in the metal plating industry with nonfluorinated surfactants seems feasible for both bright chrome plating and hard chrome
plating. In decorative plating, through the use of Cr3+ instead of Cr6+, the demisting
foam may be omitted and thereby the need for PFOS. Plastic balls are one example that
may be used in decorative electroplating. Several parties report that an extension of the
specific exemption for metal plating (hard metal and decorative plating) will not be
required in their case.

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers is available and known.

Use specific BAT:
Non PFOS-based mist suppressant
PFOS-based mist suppressant in a “closed-loop system” that fulfills the criteria
summarized in the guidance.

Conclusion: Fluorinated and non-fluorinated alternative substances and technologies including
“closed-loop system” are available. Some alternatives have been tested but have been found to be
less efficient and not all processes are suitable for the use of PFOS-free mist suppressants/wetting
agents. Also health and environmental concerns were raised concerning the safety of the alternatives.
According to the register of specific exemptions China and Korea claimed ongoing production and/or
ongoing use. Brazil has withdrawn its ongoing use on 21 August 2015.

3.3 Metal plating (decorative plating)
Table 16:

Information from several data sources related to metal plating (decorative plating)

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use (only): Korea. Brazil has withdrawn its ongoing use on 21 August 2015.

NIPs (EU member states)

Use: Denmark and United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of The Netherlands: Alternatives available, information unclear
Industry considers it easier to find an alternative for decorative metal plating than for
hard metal plating. However, changing the chromium plating from Cr-VI to Cr-III, which
may result in a lower need of PFOS, however this is not an option for all processes or
operators.
The discrimination between non-decorative versus decorative plating is blurred (DE
submission 2016)
Please see also submissions in Chapter 2.5

UNEP/POPS.COP.7/INF/21
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Article 15 reporting information from suggested that for metal plating (hard metal and
decorative plating), some parties report users having switched to PFOS-free chemicals.
One alternative substance that has been identified for use is “3,3,4,4,5,5,6,6,7,7,8,8,8Tridecafluorooctane-1-sulphonate”, (or 1H,1H,2H,2H- Perfluorooctane sulfonic Acid,
CAS RN 27619-97-2). Another alternative substance that has been identified for use is
perfluorobutane sulfonate, CAS RN 29420-49-3. However H4PFOS is not considered a
suitable substitution chemical for PFOS by some parties, given its persistence and
estimated substance characteristics, which are similar to PFOS. Alkylsulfonates are
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Information source

Summary
commonly used, degradable surfactants. The exact formulation is confidential business
information, but the substitution of PFOS in the metal plating industry with nonfluorinated surfactants seems feasible for both bright chrome plating and hard chrome
plating. In decorative plating, through the use of Cr3+ instead of Cr6+, the demisting
foam may be omitted and thereby the need for PFOS. Plastic balls are one example that
may be used in decorative electroplating. Several parties report that an extension of the
specific exemption for metal plating (hard metal and decorative plating) will not be
required in their case.

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties as
well as trade names and producers is available and known.

Use specific BAT:
Non PFOS-based mist suppressant
PFOS-based mist suppressant in a “closed-loop system” that fulfills the criteria
summarized in the guidance.

Conclusion: Fluorinated and non-fluorinated alternative substances and technologies including
“closed-loop system” are available. Industry considers it easier to find an alternative for decorative
metal plating than for hard metal plating. Alternatives have been tested but some have been found to
be less efficient and not all processes are suitable for the use of PFOS-free mist suppressants/wetting
agents. The use of PFOS is obsolete if Cr-III is used instead of Cr-VI. Also health and environmental
concerns were raised concerning the safety of the alternatives. According to the register of specific
exemptions China and Korea claimed ongoing production and/or ongoing use. Brazil has withdrawn its
ongoing use on 21 August 2015.

3.4

Table 17:

Electric and electronic parts for some colour printers and colour
copy machines
Information from several data sources related to electric and electronic parts for some
colour printers and colour copy machines

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use (only): Korea

NIPs (EU member states)

Use: Denmark and United Kingdom

Submissions according to the
POPRC 11 follow up

Submission of Norway: Information unclear
“PFOS-related substances are process chemicals, final products are mostly PFOSfree. There are general information gaps on alternatives” (NO submission 2016).

UNEP/POPS/POPRC.9/INF/11/Rev.1

PFOS-based chemicals are or have been used in the manufacture of digital cameras,
mobile phones, printers, scanners, satellite communication, radar systems, etc. For
most of these uses, alternatives are considered as available or are being developed.
Intermediate transfer belts of color copiers and printers contain up to 100 ppm of
PFOS, while an additive used in producing PFA (perfluoroalkoxy) rollers contains 8 ×
10-4 ppm PFOS. Industry groups reported that alternatives are currently not available
for those applications.
Spain reported environmentally sound product design as an alternative.

BAT/BEP task team (2016)

The knowledge of alternative substances/technology, chemical identity and properties
as well as trade names and producers is inconsistent.
Use specific BAT: insufficient information
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Conclusion: No detailed information is available on alternatives, chemical identify and properties and
trade names and producers. According to the register of specific exemptions China and Korea claimed
ongoing production and/or use.

3.5
Table 18:

Insecticides for control of red imported fire ants and termites
Information from several data sources related to insecticides for control of red imported
fire ants and termites

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use (only): Korea

Submissions according to the
POPRC 11 follow up

Information covered by the submission of Norway: Alternatives available
There are a number of chemical alternatives available with multitude of uses:
Chlorpyrifos, Cypermethrin, mixture of Chlorpyrifos and Cypermethrin, Fipronil,
Imidacloprid, Abamectin, Deltamethrin, Fenitrothion, mixture of Fenitrothion and
Deltamethrin but none of these are fluorochemicals. In addition there are a number of
other pesticides which contain one or several fluorine atoms, typically as –CF3 groups.
Up to now no studies on levels of use and no overview of producers (NO submission
2016).
Information covered by the submission of ABRAISCA: Alternatives available
Permanent, sustainable control of these ants in the USA will likely depend on selfsustaining biological control agents. At least 30 natural enemies have been identified in
South America. Biological controls for red imported fire ant (RIFA) include a group of
decapitating phorid flies (Pseudacteon spp) which parasitize the ants. The
microsporidian protozoan Thelohania solenopsae and the fungus Beauveria bassiana
are also promising controls for RIFA. B. bassiana has been shown to control RIFA under
field conditions in Taiwan. Three viruses, SINV-1, SINV-2, SINV-3, have been found
infecting fire ants in the field, and two of these, SINV1 and 3 appear to be associated
with significant mortality, indicating their potential as biological control agents. Other
potential biological controls include the endoparasitic fungi Myrmecomyces annellisae
and Myrmicinosporidium durum, and the parasite Mattesia sp. Biological control options
for termites include Beauvaria bassiana and Metarhizium anisopliae (ABRAISCA
submission 2016).

BAT/BEP task team (2016)

Alternative substances/technology, chemical identity and properties as well as trade
names and producers are known.
Alternative Substances: Abamectin, Acephate, Alpha-Cypermethrin, Bifenthrin,
Carbaryl, Chlorpyrifos, Cyfluthrin, Cypermethrin, Deltamethrin, D-Limonene, Fipronil,
Hydramethylnon, Indoxacarb, Imidacloprid, Metaflumizone, Methoprene, Permethrin,
Pyrethrin, Pyrethrins + Diatomaceous Earth, Pyrethroids, Pyriproxifen, Spinosad
Alternative Technology: available and described in the document
Use specific BAT: Non-sulfluramid-based substances allowed for pesticide use
pesticides, natural enemies or biological control agents
In addition, to control termites: to properly prepare the construction site, to utilize a
proper building design and to utilize termite resistant building material for new
construction and during repairs

Conclusion: Commercially available alternatives and technologies are on the market, information on
chemical and non-chemical alternatives, chemical identity/properties and trade names and producers
are available. According to the register of SEs China and Korea claimed ongoing production and/or
use. No other country reported continuous need for this SE.
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Chemically driven oil production
Information from several data sources related to chemically driven oil production

Information source

Summary

Register of acceptable purposes

Ongoing production and ongoing use: China
Ongoing use (only): Korea

Submissions according to the
POPRC 11 follow up

Submission of Norway: Alternatives available
Alternatives to PFOS are PFBS, fluorotelomer-based fluorosurfactants, perfluoroalkylsubstituted amines, acids, amino acids, and thioether acids. Oil service companies
engaged in provision of well stimulation services predominantly use a formulation of
alcohols, alkyl phenols, ethers, aromatic hydrocarbons, inorganic salts, methylated
alcohols, alipathic fluorocarbons for oil well stimulation. However, there are several
information gaps (NO submission 2016).

BAT/BEP task team (2016)

Alternative substances/technology, chemical identity and properties as well as trade
names and producers are known.
Alternative Substances:
Alternatives to PFOS identified in two previous reports are:
PFBS-based substances, such as 3M Gas Well Stimulant WS 1200 .
Short-chain fluorotelomer-based fluorinated surfactants or polymers
Alternative Technology:
Oil and gas production were reportedly carried out without the use of PFOS and its
related substances in other countries, including developing countries, thus indicating the
existence of alternative processes that did not require PFOS
UNEP/POPS/COP.7/INF/26).
Use specific BAT: Non PFOS substances

Conclusion: Information on alternatives, on chemical identity/properties and trade names/producers is
available but quite limited. Perfluorobutane sulfonate (PFBS) based substances and telomer-based
fluorosurfactants were identified as used alternatives. According to the register of SEs China and
Korea claimed ongoing production and/or use. No other country reported continuous need for this SE.

3.7

Carpets, leather and apparel, paper and packaging, rubber and
plastics

According to the register of specific exemptions no countries claimed ongoing production and/or
ongoing use. Since no new registrations pursuant to para 9 Article 4 SC COP7/4/Rev.1 are available,
these specific exemptions are considered outdated that indicate that alternatives are in place.

3.8

Textiles and upholstery

According to the register of specific exemptions no countries claimed ongoing production and/or
ongoing use. Since no new registrations pursuant to para 9 Article 4 SC COP7/4/Rev.1 are available,
this specific exemptions is considered outdated that indicate that alternatives are in place.

3.9

Coatings and coating additives

According to the register of specific exemptions no countries claimed ongoing production and/or
ongoing use. Since no new registrations pursuant to para 9 Article 4 SC COP7/4/Rev.1 are available,
this specific exemption is considered outdated that indicate that alternatives are in place.
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Further comment on all fields of application

The company 3M comments that shorter chain fluorochemical could potentially be used in all
application fields as described in the tender document for this project (e.g. metal plating, oil
production, carpets, leather, apparel textiles and upholstery, coatings) (NO submission, 2016).
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4.

Assessment of PFOS compounds needed for
the EU – acceptable purposes and specific
exemptions

4.1

Photo imaging

No member state in the EU/EEA has declared continuous need for this acceptable purpose according
to Swerea (2015). Germany reported that in 2010 no use of PFOS for the production of photographic
material; X-ray films (probably the largest use of PFOS and PFOS-related substances in the EU
according to DEFRA, 2004) and other material (e.g. negatives) that have been used in 2010 but were
not produced in Germany, may still contain PFOS (UNEP/POPS.COP.7/INF/12). Austria also reported
products in use that may contain PFOS. In the Netherlands the reported use of PFOS is 0 kilograms.
This is probably an underestimation, due to the low market coverage within this industry (consists of
many small companies). New techniques have been developed which do not require PFOS in
photolithographic procedures (UNEP/POPS.COP.7/INF/12 and NL submission 2016).
Fluorinated as well as non-fluorinated alternatives are available. A shift to digital techniques has
reduced the use of PFOS for this application (see Chapter 2.1).
In conclusion there are alternatives to PFOS available including new digital technology. Photographic
films continue to disappear and the present use is limited to special products (e.g. medical or scientific
uses). Further, new feasible technology is applied in EU/EEA countries which do not require PFOS in
photolithographic procedures. There is no continuous need for PFOS for this acceptable purpose in
the EU.

4.2

Photo resist and anti-reflective coatings for semi-conductors

Several EU/EEA member states (Austria, Czech Republic, Germany, Ireland and United Kingdom,
Norway) indicated continued need for the AP photo-resist and anti-reflective coatings for semiconductors (see Chapter 2.2). In Austria substitution with a PFOS-free alternative was achieved
recently. The Netherlands reported that alternatives are available but not yet commercialised (NL
submission 2016).
Recent effort of industry has replaced PFOS from many non-critical uses, currently it is under review if
remaining essential uses of PFOS, such as in in photoresists and anti-reflective coatings should
continue. Successful replacements have occurred however information on alternatives is limited (often
based on CBI (confidential business information) but trade names and producers are known. Swerea
(2015) also stated that replacement of PFOS is ongoing or has been achieved through a variety of
means including the use of shorter-chain compounds (C-4 to C-1 carbon chains), the use of nonfluorinated substitutes and the elimination of the surfactant function within the photo-resist.
In conclusion in photo-resist and anti-reflective coatings for semi-conductors, PFOS free technology
has been reported from EU/EEA countries with substantial progress made in recent years. However
industry asserts that maybe more time is needed to develop a full range of qualitatively comparable
alternatives.

4.3

Etching agent for compound semi-conductors and ceramic filters

No member states in the EU/EEA have declared continuous need for this AP but there are at least
seven member states in EU/EEA that have no available information whether this acceptable purpose
is applied or not in their countries according to Swerea (2015).
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Submissions and reporting of Parties refer often to the term “semiconductor” industry, not specifying
the different uses (e.g. submission from NO, SIA, 2016). There is some evidence that in Sweden no
PFOS is sold to the printed circuit manufacturers (see Chapter 2.3). Feasible fluorinated alternative
substances to PFOS have been identified, but for trade names and producers there is a lack of
information.
In conclusion the use as an etching agent for compound semi-conductors and ceramic filters has not
been reported from EU countries; however based on industry asserts more time may be needed to
develop a full range of qualitatively comparable alternatives.

4.4

Aviation hydraulic fluids

According to Swerea (2015) Norway has, as the only EEA member state reviewed the continued need
for an 'acceptable purpose' for aviation hydraulic fluids. Norway reported that results from a recent
survey revealed that PFOS has been phased out in the aviation hydraulic fluids used in Norway.
However, no information is available regarding the exact chemical composition of the presently used
fluids. Alternatives are available for hydraulic fluid products. Also the submission from the Netherlands
and Germany indicated that the market and important manufacturers switched to PFOS free products
(NL and DE submissions, 2016). Please see Chapter 2.4 for further details and alternatives, mainly
fluorinated substances (e.g. perfluoroalkyl sulphonates, (fluorinated) phosphate esters) and/or oil
based fluids. PFOS-related substances like cyclohexanesulfonic acid, decafluoro(pentafluoroethyl),
potassium salt are still in use. In Bulgaria no uses of PFOS in open application has been identified
(UNEP/POPS/COP.7/INF/1).
In conclusion there is some uncertainty about alternative substances for this use (lack of information
on the identities of the alternative substances due to CBI). Aviation hydraulic fluids with fluorinated
chemicals other than PFOS and without fluorinated chemicals can be used. The use of the PFOSrelated substances cyclohexanesulfonic acid, decafluoro(pentafluoroethyl), potassium salt is
considered BAT for this AP. According to submissions by Parties dated 2016 there is no continuous
need for PFOS for aviation hydraulic fluids in the EU.

4.5

Metal plating (hard metal plating) only in closed-loop systems

At least five member states in the EU/EEA have declared continuous need for this AP namely,
Denmark, Finland, Norway, Sweden, Belgium and Slovenia (Swerea 2015) as well as Austria, Czech
Republic, Germany, the Netherlands and United Kingdom.
PFOS alternatives and alternative technologies including physical alternatives have been identified
and are in use in EU/EEA countries (see Chapter 2.5). However according to the submission by the
Netherlands (2016) there is a continuous need because not all processes are suitable for the use of
PFOS-free mist suppressants/wetting agents. The main reason is the reduced quality of chrome
plating with PFOS-free products. Another important reason is that the reduction of surface tension by
alternatives is lower and could therefore lead to higher exposure to chromium (VI) (Cr-VI) for the
worker.
The submission from Norway (2016) indicated that alternatives are available but not yet
commercialised. Germany reported that alternatives in the metal plating industry with non-fluorinated
surfactants are available and feasible (DE submission 2016). According to the BAT/BEP guidance
draft, use of non PFOS-based mist suppressant and PFOS based mist suppressant in a “closed loop
system” can be considered as use specific BAT (BAT/BEP task team, 2016). An outline and criteria on
“closed loop system” (based on Blepp et al. 2015) and a distinction between hard and decorative
chrome plating is given in the current draft (BAT/BEP task team, 2016). According to SWEREA (2015)
there are alternatives available and it is possible to replace PFOS.
In conclusion some EU/EEA countries have replaced PFOS by PFOS-free chemicals, but some
alternatives have been tested but have been found to be less efficient and/or also of high concern for
human health and the environment. The definition and guidance concerning “closed loop” has
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improved considerably. Based on a 2016 submission it is indicated that hard metal plating is not
always performed under “closed loop”. Therefore communication and awareness raising for industry,
that are often SMEs, as well as surveillance is necessary.

4.6

Photo masks in the semiconductor and liquid crystal display (LCD)
industries

Information on alternatives is available but chemical identify and properties, trade names and
producers were not identified (see Chapter 3.1). According to industry information this PFOS use has
been eliminated.
No EU Member State reported a continuous need for this specific exemption.

4.7

Metal plating (hard metal plating and decorative plating)

No EU/EEA member state declared a continuous need for the notified specific exemption for metal
plating (hard metal plating in open systems and decorative metal plating) using PFOS after the
specific exemption period expired in 2015. The submission of the Netherlands (2016) reported these
uses based on a PFOS inventory dated 2013,, however this use is probably outdated based on
Regulation (EU) No 757/2010 that allowed PFOS as a wetting agents for use in controlled
electroplating systems until 26 August 2015.
Therefore these uses can be considered obsolete, though there is evidence that installations in EU
member countries do not comply with the criteria of “closed loop systems”.
The distinction between decorative and non-decorative hard metal plating is sometimes blurred.
Recently the BAT/BEP guidance included characteristics for distinction of these two uses (BAT/BEP
task team, 2016).
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Information on safety for health and the
environment of chemical and non-chemical
alternatives

To date there is already a broad knowledge base on information concerning safety for health and the
environment of alternatives to PFOS, its salts, PFOSF and their related chemicals. However often
details on identity or human and environmental hazards are limited due to CBI or lack of data.
The following table gives an overview on recent reviews and assessments which provide a basis for
further assessment of alternatives and knowledge gaps related to safety for health and the
environment.
Table 20: Overview on most recent assessments of alternatives to PFOS
Assessment

Comments

Reference

Guidance on alternatives to
perfluorooctane sulfonic acid and
its derivatives

Overview on alternatives , their use,
hazard assessment and data gaps

UNEP/POPS/POPRC.6/13/Add.3/Rev.1,
2010

Substitution of PFOS for use in
nondecorative
hard chrome plating

Assessment of the feasibility of
alternatives (including economic
considerations, usability and
environment and health assessment)

Poulsen et al. 2011

Technical paper on the
identification and assessment of
alternatives to the
use of perfluorooctane sulfonic
acid in open applications

Besides description on alternatives
and use: health and environmental
effects including toxicological and
ecotoxicological information

UNEP-POPS-POPRC.8-INF-17, 2012

Guidance on alternatives to
perfluorooctane sulfonic acid, its
salts, perfluorooctane sulfonyl
fluoride and their related chemicals

Review of alternatives: emissions,
occurrence, human biomonitoring,
toxicity, environmental effects and
(eco)toxicity

UNEP/POPS/POPRC.9/INF/11/Rev.1,
2013

Survey of PFOS, PFOA and other
perfluoroalkyl and polyfluoralkyl
substances

Survey and review of PFOA and
PFOS compounds: regulatory action
in EU, manufacture and use, waste
management, environmental and
health effects, monitoring data

Danish EPA, 2013

Report on the assessment of
alternatives to perfluorooctane
sulfonic acid, its salts and
perfluorooctane sulfonyl fluoride

Prioritization of chemical alternatives
to PFOS with respect to the persistent
organic pollutant characteristics
(Classes 1-4)

UNEP/POPS/POPRC.10/INF/7/Rev.1*,
2014

Consolidated guidance on
alternatives to perfluorooctane
sulfonic acid (PFOS)

Detailed assessment of the global
APs and SEs of PFOS and
alternatives

UNEP/POPS/POPRC.12/INF/15

Synthesis paper on per and
polyfluorinated chemicals (PFCs)

Synthesis on PFASs including recent
developments on alternatives
(Commercial availability and links to
env. and health publications and
profiles of some alternatives)

OECD, 2014

Risk reduction approaches for
PFASs – a cross country analysis.

Overview on risk reduction
approaches across participating
countries, including national and
regional regulatory measures,

OECD, 2015a
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Assessment

Comments

Reference

voluntary industry initiatives, and
stewardship programmes
Working towards a global emission
inventory of PFASs : focus on
PFCAS

Overview on status quo and the way
forward

OECD, 2015b

Hazard assessment of fluorinated
alternatives to long-chain
perfluoroalkyl acids (PFAAs) and
their precursors: Status quo,
ongoing challenges and possible
solutions

Assessment of persistency,
bioaccumulation potential,
(eco)toxicity, long rang transport
potential of short chain PFAAs and
known perfluoroether carboxylic and
sulfonic acids (PFECAs and
PFESAs)

Wang et al. 2015

Report for the evaluation of
information on perfluorooctane
sulfonic acid, its salts and
perfluorooctane sulfonyl fluoride

Comprehensive assessment of
alternatives including POPs
characteristics (classes)

UNEP/POPS/COP.7/INF/11

Occurrence and use of highly
fluorinated substances and
alternatives

Compilation of presence and use of
highly fluorinated substances as well
as alternatives, alternative materials
and methods

KEMI, 2015

The technologically best alternatives are in many cases and for many applications short-chain and
less hazardous fluorinated chemicals with a fluorochain length of ≤ C6 or fluoropolymers. There is a
lack on ecotoxicity data for short chain perfluoroalkyl substances (PFAS). They are generally more
mobile than their long-chain homologues, they are not retarded in soil and have already detected in
ground water. Further, to date there is no technique available to remove them from waste water.
It might be that the C6-chemistry of fluorinated alternatives is not sufficiently safe. This is illustrated by
the similar half-life of perfluorohexane sulfonate compared to PFOS in human blood. In addition, there
is a growing body of observations of toxic effects in humans and animal studies and PFHxS is found
seawater, animals, and humans in the Arctic. Furthermore, chemicals with fluorinated chains longer
than C8 seem to be more toxic and bioaccumulative than PFOS
(UNEP/POPS/POPRC.9/INF/11/Rev.1).
It has been shown that a wide range of perfluorinated substances can be extracted from e.g. textiles
and packaging treated with side –chain fluorinated polymers. Fluorotelomers and side chain –
fluorinated polymers account for the major part of PFC-use. There is a concern that hazardous
transformation products can be formed.
The fluorinated alternatives are still rather persistent but much less bioaccumulative and toxic than the
long-chain homologues. The non-fluorinated alternatives are not very persistent and bioaccumulative,
but some substances are more toxic. Fluorinated alternatives still possess high environmental stability
and mobility, similar to those of their predecessors (long-chain PFASs), which implies that they have a
high global contamination potential once released and further some perfluoroether carboxylic and
sulfonic acids (PFECAs and PFESAs) are shown to possess medium to high toxicity and thus can
pose global risks to humans and the environment (Wang et al. 2015 and the references therein)
(OECD 2015b).
In general there is a lack of public data on properties of the alternatives, which often are protected by
commercial secrecy, and because most academic research has been on the polyfluorinated
chemicals.
In 2014 alternatives have been classified in relation to their POPs characteristics
(UNEP/POPS/POPRC.10/INF/7/Rev.1): The former prioritised alternatives to PFOS were assessed
and evaluated according to their likelihood to meet all the criteria in Annex D to the Convention.

March 2017
Doc Ref. 38036CRea004i1

41

© Amec Foster Wheeler Environment & Infrastructure UK Limited

This information was compiled in UNEP/POPS/COP.7/INF/11. As the alternatives to PFOS, its salts
and PFOSF are mostly industrial chemicals much less information is made publicly available
compared to the previously assessed pesticides. In many cases, relevant information is classified as
CBI (confidential business information). The low availability of data presents one of the main
difficulties in undertaking the assessment of alternatives to PFOS, its salts and PFOSF, as evidenced
by the large number of chemicals that the Committee could not assess because of a lack of data.
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Conclusions

Within the current assessment of the continued need for PFOS, PFOS salts and PFOSF in the EU
(acceptable purposes and specific exemptions) as defined by the Stockholm Convention, submissions
by Parties and Observers were compiled as well as new available relevant information.
Through the process for updating the NIPs addressing COP 6 amendments is currently ongoing in a
majority of countries, additional information on PFOS, its salts and PFOSF will be obtained in the near
future; this might capture some of the gaps identified in this report because the actual and country
specific information are scarce for some regions.
Whereas for some of the present uses alternatives are available and also sold at the market, in other
cases the substitution of PFOS is at least for some specific processes difficult, and more time is
needed to develop appropriate alternatives. This is e.g. reported from the Semiconductor industry,
which made successful efforts to reduce PFOS over the last 10 years, however they claim more time
is needed for the remaining purposes in order to develop alternatives which are qualitatively
comparable.
One of the further remaining uses (acceptable purposes) is the process of hard metal plating in closed
systems. It has been shown that in several facilities closed loop refers to the Cr-VI in the gaseous
phase and does not include PFOS in the liquid phase. In that case considerable amounts of PFOS are
released into the environment. Further, closing the loop for process chemicals does not mean being
completely free of low levels of PFOS contaminated wastewater. A draft guidance on BAT/BEP is
available and will be approved in 2017.
In decorative metal plating Cr 3+ can be used and the substitution of PFOS seems feasible. However,
the distinction between decorative and non-decorative hard metal plating is sometimes blurred, the
term functional metal plating can be used instead.
Some of the used alternative fluorinated chemicals are not safe for human health and/or environment.
Also PFOS-related substances are used as “alternatives”. Given the relatively high prices of some
fluorosurfactants, switching to alternatives can in some cases also have economic benefits.
Comparative assessments of PFOS and possible alternatives is in many cases difficult due to data
gaps on e.g. identity (due to CBI) or data gaps on (eco) toxicological properties.
Therefore, increased efforts are needed to study the toxicological and environmental properties of
alternatives and to make the resulting data and information public by subjecting it to peer review and
publishing it in scientific journals. Data gaps hinder the analysis of alternative processes and
compounds that have the ability to replace PFOS compounds in a feasible way and do not display
POP characteristics.
Among shorter chain perfluoroalkyl ketones and ethers, polyfluorodialkyl ether sulfonates, fluorinated
co-polymers a lack of data on health and environmental effects can be reported.
For fluorotelomers and fluorophosphates, some of the degradation products are of concern.
Table 21 gives an overview on claims for ongoing production and ongoing use for following acceptable
purposes and specific exemptions under SC and the respective availability of alternatives and related
information.
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Table 21: Overview on claims for ongoing production and ongoing use for APs and SEs under SC, the respective availability of alternatives data, the need of
ongoing use and identification of information needs

19

Acceptable purposes
(AP)

Information on ongoing
production and use
(P&U) Register and
NIPs19

Availability of alternatives and related
information
a) Availability
b) Identity
c) Market access
d) Technics

Data on safety for health and the
environment alternatives
If available:
POPs Class :as presented in
UNEP/POPS/POPRC.10/INF/7/Rev.1

Continuous use
needed

Identification of
information needs

Photo Imaging

Register: P&U: China,
EU, Japan, Vietnam
Use only: Canada, Czech
Republic, Norway,
Switzerland, Turkey
NIP: Austria, Germany UK

a) alternatives available, (telomere based
products, C3-C4 perfluorinated compounds,
hydrocarbon surfactants, silicone products)
b) known
c) producer unknown
d) new techniques (digital photo processing)
replace photographic films

Short chain fluorinated compounds:
persistency and mobility in the
environment, detection in ground
water; removal from wastewater not
possible.

NO

More information on
environment and health of
several alternatives
needed

Photo-resist and antireflective coatings for
semiconductors

Register: P&U: China,
EU, Japan, Vietnam
Use only: Canada, Czech
Republic, Norway,
Switzerland, Turkey
NIPs: Austria, Germany,
Ireland, UK

a) alternatives available:
Mostly shorter chain compounds, use of non
fluorinated substances
b) available
c) alternatives commercialised, industry
claims that more time is needed, reduction
in use since 2000 ongoing

Lack of data

YES, but
terminated

Alternative methods
already successfully
developed

Etching agent for
compound
semi- conductors and
ceramic filters

Register: P&U: China,
EU, Japan, Vietnam
Use only: Canada,
Norway, Switzerland,
Turkey
NIPs: UK

a) alternatives available: e.g. shorter chain
sulfonates
b) unknown (non fluorinated compounds)
c) alternatives commercialised, industry
claims that more time is needed
d) new methods in development e.g. plasma
etching process

Lack of data

YES, but
terminated

Identity of alternative
substances unclear

Aviation hydraulic fluids

Register: P&U: China,
EU, Vietnam
Use only: Canada, Czech
Republic, Norway,
Switzerland, Zambia,
Turkey

a) alternatives are available and in use (e.g.
PFOS-related substance, phosphate esters
and fluorinated phosphate esters)
b) limited
c) trade names and producers existing
d) function: erosion resistance is critical

Information gaps hinder assessment of
health and environmental safety
Several substances evaluated with
class 3: (classification not possible due
to lack of data)
CAS RN: (756-13-8, 34455-29-3,
29420-49-3, 112-34-5)

NO

Identity of alternative
substances and
formulations unclear

Information from NIPs is included only in cases where there is no entry in the register

March 2017
Doc Ref. 38036CRea004i1

44

© Amec Foster Wheeler Environment & Infrastructure UK Limited

Acceptable purposes
(AP)

Information on ongoing
production and use
(P&U) Register and
NIPs19

Availability of alternatives and related
information
a) Availability
b) Identity
c) Market access
d) Technics

Data on safety for health and the
environment alternatives
If available:
POPs Class :as presented in
UNEP/POPS/POPRC.10/INF/7/Rev.1

Continuous use
needed

Identification of
information needs

a) several fluorinated, non fluorinated and
physical alternatives available/identified
b) compiled e.g. in Blepp, 2013, 2015 and
SWEREA 2015
c) available, but performance variable
d) critical is fulfilment and evaluation of all
criteria for closed system (Table 5),
not all processes suitable for the use of
PFOS- free mist suppressants, (maybe
higher exposure to Cr-VI),
in some processes switch to Cr-III possible
(than PFOS not essential),
alternative techniques: closed reactor
system

Most common used alternative:
H4PFOS12 (or 6:2 FTS; however high
concern for human health and the
environment)
Several substances evaluated with
class 3 e.g.:
Tridecafluorooctane-1-sulphonates
(CAS RN.27619-97-2 (H4PFOS12),
59587-38-1, cf. Table 9).
Subgroups of fluorinated substitutes
are: short-chain fluorinated tensides,
polyfluorinated tensides, polyfluor
compounds

YES, for specific
processes

A common understanding
and a definition of criteria
for closed loop systems is
needed.

NIPs: Czech Republik,
Sweden
Metal plating (hard
metal plating) only in
closed-loop systems

Register: P&U: China,
EU, Vietnam
Use only: Canada, Czech
Republic, Norway,
Switzerland, Turkey
NIPs: Austria, Czech
Republik, Denmark,
Germany, The
Netherlands, Sweden, UK

F-53 and F-53B: PBT properties
similar to PFOS (see Case study:
Scientific assessment of a PFOS
alternatives in chromium plating)
OECD (2015a).
Certain medical devices

Register: P&U: China,
Japan, Vietnam

a) PFOS alternatives are available and in
use (e.g. CAS 56773-42-3 and CAS 2562808-4, PFBS: 375-73-5)
b) and c) for some applications available
also trade name and producers
d) survey in 2015 of Parties (COP): no use
but still in existing (70%) equipment

CAS 56773-42-3 toxic to humans and
environment (acc. safety data sheet,
degrades to PFOS),
PFBS: mobile and persistent in the
environment, not bioaccumulative,

NO

Alternatives used in
medical fabrics, other than
PFOA?

Fire fighting foam

Register: P&U: China,
Vietnam,
Use only: Canada,
Switzerland, Zambia,
Cambodia

a) fluorinated alternatives are available and
in use
b) available
c) C6 technology available worldwide
d) pure C6 is more expensive (20% more
required)

alternatives partly also hazardous for
the environment
dodecafluoro-2-methylpentan-3-one
(CAS no. 756-13-8): POP Class 3

NO

Development of
alternatives, which are
degradable
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Acceptable purposes
(AP)

Information on ongoing
production and use
(P&U) Register and
NIPs19

Availability of alternatives and related
information
a) Availability
b) Identity
c) Market access
d) Technics

Data on safety for health and the
environment alternatives
If available:
POPs Class :as presented in
UNEP/POPS/POPRC.10/INF/7/Rev.1

Continuous use
needed

Identification of
information needs

Insect baits for control
of leaf- cutting ants
from Atta spp. and
Acromyrmex spp.

Register: P&U: Brazil,
Vietnam

a) alternatives are available (though several
compounds are not effective to leave cutting
ants (Several pesticides not effective to
leave cutting ants)
b) available
c) commercialised; Brazil claimed
continuous need, registered substances in
brazil limited and of minor effectiveness
d) specialised parasites (Escovopsis and
Metarrhizium anisopliae, Beauveria
bassiana and Aspergillus ochraceus ) and
limonoids from Raulinoa echinata) might be
effective non chemical alternatives
d) availalbe

Some compounds listed:
(Fipronil, Fenitrothion, Deltamethrin,
Hydramethylnon),

YES

Further research needed
(effectiveness and
unintentional effects) for
non chemical alternatives
and for control strategies
for Acromyrmex spp.

Specific exemptions
(SPs)

Information on ongoing production
and use (P&U) Register and NIPs20

Availability of alternatives and related information:
as for APs

Data on safety for health
and the environment
alternatives

Continuous use needed

Photo masks in the
semiconductor and
liquid crystal display
(LCD) industries

Register: P&U: China
Use only: Korea
NIPs: UK

a) alternatives available
b) no information
c) alternatives start to be commercialised
d) no trade names and producers, industry works on
alternatives but claims more time;
SIA: successfully reduced PFOS emissions (99 %
compared to 2005)
Dry process practiced for some specific cases

Lack of data

NO

Hard metal plating

Register: P&U: China
NIPs: Denmark, the Netherlands,
Sweden, UK (probably outdated)
Continuous need: the Netherlands

See above: Acceptable purposes

See above

NO

Information from NIPs is included only in cases where there is no entry in the register
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Decorative metal plating

Register: P&U: China
NIPs: Denmark, UK (probably
outdated)
Continuous need: the Netherlands

a) alternative available
feasibility to apply PFOS-free agents proven
b) available
c) commercialised
d) Cr-III can be used

E.g. CAS 27619-97-2 and
CAS No. 29420-49-3
Listed as class 3
Listed as class 3
(classification not possible
due to lack of data)

NO

Electric and electronic
parts for some colour
printers

Register: P&U: China
Use only: Korea
NIPs: Sweden

a) b) c) Limited information on alternatives

Lack of data

NO

Insecticides for control
of red imported fire ants
and termites

Register: P&U: China
Use only: Korea

Appropriate alternatives
Self sustaining biological control agents
Decapitatating phorid flies (Pseudacteion ) protozoan
(Thelaohania solenopsae)
Viruses (SINV-1,SINV-2,SINV-3)
Endoparasitic fungi (Myrmecomyces annellisae,
Myrmicinosporidium durum and Beauveria bassiana,
Metarhizium anisoplia)

Among chemical
alternatives:
Fipronil, Abamectine,
Pyriproxyfen, Fenitrothion,
Imidacloprid, Cypermethrin,
Deltamethrin,
Hydramethylnon
Class 2: Chlorpyrifos,

NO

Non chemical alternatives
might have unforeseeable
consequences at ecosystem
level
Chemically driven oils
production
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Register: P&U: China
Use only: Korea

a) Scarce information on available alternatives,
information gaps
b) Alternatives: PFBS, flourotelomer –based
fluorosurfactants, perfluoroalkyl-substitutes amines,
acids, amino acids and thioether acids
A formulation of different chemicals including aliphatic
fluorocarbons is normally used

Lack of data

NO
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Conclusions PFOS need in the EU

The European Union has registered for production of PFOS, its salts and PFOSF for the acceptable
purposes under the Convention. The EU reported minor production in Germany and Italy. Swerea
(2015) claimed no production of PFOS in the EU.
Current use in EU Member States includes the metal plating industry, use in hydraulic aviation fluids in
the aviation industry, photographic industry and semiconductor industry.
The use of PFOS in the metal plating industry is the main remaining source for PFOS releases from
an intended purpose followed by use in aviation fluids. However this use in open application may no
longer be needed as well as the use for photo imaging according to information from EU/EEA
countries. For the semiconductor industry PFOS free technology has been reported from EU/EEA
countries; however Parties and industry asserts indicated that more time is needed to develop a full
range of qualitatively comparable alternatives to be commercialised on the market.
From the cross country assessment of OECD “Risk reduction approaches on PFASs” it has been
concluded that many chemical and product manufacturers have since 2000 made efforts to replace
long chain PFASs with alternative chemicals or non-chemical techniques (OECD, 2015). It has further
been concluded that still considerable information and knowledge gaps regarding PFASs, other than
PFOA and PFOS exist (Nordic Council of Ministers, 2013). Also in 2015 the OECD mentions
difficulties in the assessment due to lack of data: Furthermore, efforts to assess and understand the
exposure and associated risk to the environment and human health from many fluorinated alternatives
to long-chain PFASs, starting from source identification and quantification, are also urgently needed.
Given the emerging knowledge on the properties of some of these alternatives, it is essential to
understand the global emissions of these alternatives, in order to prevent emissions and exposures
from occurring on a large scale. Although information on alternatives has been provided to regulatory
agencies to seek approval of specific uses in the context of new chemical regulatory frameworks,
limited information is available in the public domain.

Summary of alternative chemistry and technologies to PFOS and related substances
for ongoing uses in EU: Acceptable purposes
Photo imaging
Available alternatives include e.g. fluorinated alternatives which are telomer-based products of various
perfluoroalkyl chain length C3- and C4-perfluorinated compounds and non fluorinated alternatives
such as hydrocarbon surfactants and silicone products. Further alternatives are commonly and
frequently used digital techniques. There is no continuous need for PFOS for this acceptable
purpose in EU member countries.
Globally Japan reported this use as one of the three uses they considered critically. Also for Canada
this AP is permitted according to the national POP regulation. The information from Japan and
Canada is recent. Ongoing production and/or use according to the register of acceptable purposes
occurs in China, Vietnam, Turkey, Norway and Switzerland.

Photo-resist and anti-reflective coatings for semiconductors
In photo-resist and anti-reflective coatings for semi-conductors, PFOS alternatives and PFOS free
technology has been reported from EU/EEA countries; however industry asserts that more time is
needed to develop a full range of qualitatively comparable alternatives. Despite viable alternatives are
in place there is a lack of information (e.g. existence of alternatives, chemical identity and properties).
In conclusion there is a continuous need for PFOS for this acceptable purpose for some EU/EEA
member countries; however this use is likely to be terminated in the future.
Globally Turkey, Switzerland, Japan and Canada are using this AP based on recent information.
Ongoing production and use according to the register of acceptable purposes occurs in China and
Vietnam.
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Metal plating (hard metal plating) only in closed-loop systems
There are appropriate fluorinated and non-fluorinated alternatives available and in use. Some EU/EEA
countries have replaced PFOS by PFOS-free chemicals, but some alternatives have been tested but
have been found to be less efficient and/or also of high concern for human health and the
environment. Physical and technical alternative technologies were also identified in EU/EEA countries.
Based on a 2016 submission it is indicated that hard metal plating is not performed under “closed
loop”. Despite the BREF document has been released in 2006 (European Commission 2006) there is
a lack of communication and awareness raising of industry to implement “closed loop systems” and
apply this BAT measure EU wide. It has been shown that in several facilities closed loop refers to the
Cr-VI in the gaseous phase and does not include PFOS in the liquid phase. In that case considerable
amounts of PFOS are released into the environment. However closing the loop for process chemicals
does not mean being completely free of low levels of PFOS contaminated wastewater. The recently
updated BAT/BEP guidance provides criteria for “closed loop systems”. Therefore it is crucial to
communicate and implement “closed loop systems” as BAT for the remaining PFOS uses in EU
member countries.
In conclusion a continuous need for PFOS use for hard metal plating was identified according to
several EU member countries.
Globally China, Vietnam, Norway, Turkey and Switzerland (via the register of APs) indicated ongoing
use. Canada and Japan discontinued this uses according to their NIPs. For Brazil reduction of PFOS
in the metal plating sector has high priority.

Aviation hydraulic fluids
There is some uncertainty about alternative substances for this use. Aviation hydraulic fluids with
fluorinated chemicals other than PFOS and without fluorinated chemicals can be used. However
information for identities of the alternative substance as well as trade names are inconsistent. A
PFOS-related substances (cyclohexanesulfonic acid, decafluoro(pentafluoroethyl), potassium salt) has
been used rather than PFOS in the EU for this AP. According to submissions by Parties dated 2016
there is no continuous need for PFOS for aviation hydraulic fluids in EU countries.
Several other countries including Norway, Switzerland, Turkey, China, Vietnam, Canada and Zambia
registered for ongoing use and/or production in the register of APs.

Etching agent for compound semi-conductors and ceramic filters
The use as an etching agent for compound semi-conductors and ceramic filters has not been reported
from EU/EEA countries and some feasible alternatives are available (e.g.short chain perfluoroalkyl
sulfonates). In conclusion there is continuous need for PFOS for this acceptable purpose for EU
member countries; however this AP will be terminated in the future.
Ongoing production and ongoing use is reported for China, EU, Japan, Vietnam. While also Canada,
Turkey, Norway and Switzerland are registered for ongoing use (in the register of APs) Canada did not
include this use in the national POP Regulation (Canada, 2013). The Japanese NIP dated 2016
clearly approves the use including the manufacture of the etching agent for the piezoelectric ceramic
filter or composite semiconductor for high frequency bands (Japan, 2016).

Summary of alternative chemistry and technologies to PFOS and related substances
for ongoing uses in EU: Specific exemptions
The EU is not listed in the register of specific exemptions on the Website of the Stockholm
Convention. The EU informed the Secretariat in June 2014, after having consulted all member state
that an extension of the existing registrations for the specific exemptions concerned was not
required.
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Photo-masks in the semiconductor and liquid crystal display (LCD) industries
No information on fluorinated and non-fluorinated alternatives exists according to SWEREA (2015) for
this particular use in the semiconductor and LCD industry. There may be one additional specialised
application for which, according to industry sources, there is currently no substitute for PFOS; however
no EU member state reported a continuous need for this specific exemption.
According to the register of SEs China and Korea claimed ongoing production and/or ongoing use.

Metal plating (hard metal plating and decorative plating)
No EU/EEA Member States declared a continuous need for the notified specific exemption for metal
plating (hard metal plating in open systems and decorative metal plating) using PFOS after the
specific exemption period expired in 2015. Therefore these uses can be considered obsolete,
though there is evidence that installations in EU/EEA member countries do not comply with criteria of
“closed loop systems”. The use of PFOS in hard metal plating in closed loop systems is in line with
current BAT/BEP and has to replace the open installations. The distinction between decorative and
non-decorative hard metal plating is sometimes blurred. UNEP/POPS/COP.7/INF/21 provided some
guidance as well as the use definitions for the authorisation of Cr-VI under REACH.
According to the register of SEs China and Korea claimed ongoing production and/or ongoing use.
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