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Objective of the publication

* To add understanding on POPs In articles & products.

* To help parties to get a simple overview on POPs free/POPs
alternatives linking to the available materials developed by POP
reviewing committee, activities of parties, regional centers,
iIndustry, NGOs and the research community.

* To update on alternatives where POPRC is not updating
Information (e.g. on alternatives POP-PBDES).

* To allow an easy update on POPs free/POPs alternatives
iInformation.

Only an electronic version of the publication will be developed containing links to the
reports and resource materials with the option of an easy update when substantial
new information e.g. by POPRC is developed.



Outline/Scope of the publication

Content/main chapters of the publication
1) Introduction

2) Snapshot of information on each chemical in articles and
products (PFOS, POP-PBDEs, Lindane, Endosulfane, DDT,
PCB and HBCD)

3) Current status/case studies POPs free/POPs alternative

4) How can we add more understanding on the use and
alternatives of POPs in articles

5) Conclusions and recommendations
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Snapshot of information on the chemicals

Perfluorooctane sulfonic acid (PFOS), its salts and
perfluorooctane sulfonyl fluoride (PFOS-F)

Listed under Annex B with acceptable purposes and specific exemptions

Perfluorooctane sulfonate (PFOS) is a fully fluorinated anion which is used as such in
some applications or incorporated into larger polymers. It is also commonly used as a
salt. PFOS and its related substances, referred to as “PFOS precursors” which can
transform or degrade into PFOS, are members of the large family of perfluoroalkyl

sulfonate substances.

POPs characteristics of PFOS

Chemical identity and properties

POPRC recommendations Alternatives

Articles and products Guidance (Drafts)

Useful links
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3) Case studies/current status for the
iIndividual POPs

Information on alternatives from POPRC (PFOS, PBDEs,
Endosulfan, Lindane, DDT)

Information on alternatives and approaches of assessment of
alternative other than POPRC (UN organisations, parties;
research community, industry, NGQOs).

Case studies might include e.g. chemical alternatives,
alternative materials, or alternative processes.



PBDE - Alternatives and POPs free

* PentaBDE alternatives document has been developed within
the POPRC Process (UNEP/POPS/COP.4/INF/24).

* SC PBDE BAT/BEP guidance has a paragraph on alternatives
= UN documents are available to refer to.

OctaBDE/DecaBDE substitution strategies in EEE plastic.

Substance HIPS resins using decabromodiphenvlethiane instead of
H decaBDE
HIPS and PPO blend with phosphorus-based FR
Material Increasing
PC/ABS blend with phosphorus-based FR innovation
_ | depth
Separation of high/low voltage

Product Green/Sustainable Design!
3} Reduce operating voltage
Source: Oko-Institute Freiburg




PBDE - Alternatives

(Substance substitution; Level 1)

Main use areas of
c-PentaBDE and
c-OctaBDE and
some alternative
halogenated and
non-halogenated
flame retardants
(Stockholm
Convention PBDE
BAT/BEP
Guidance 2012).

Main use area of
POP-PBDEs

Alternative BFR or CFR

Non-halogenated alternatives

Casings of EEE
(c-OctaBDE)

c-DecaBDE and
decabromodiphenyl Ethane
(DBDPE) or

tris(tribromophenyl)cyanurat
e (for ABS and HIPS); HBCD
(for HIPS); TBBPA (for ABS);
brominated polymers

Phosphorous based halogen-free flame
retardants:

bisphenol A-bis(diphenylphosphate)
resorcinol-bis(diphenylphosphate)

(for PC, PC/ABS, and PPE/HIPS)

Small
in EEE
(c-OctaBDE)

components

DecaBDE and DBDPE
(for PBT, PET, and PA);
brominated polymers

Microencapsulated red phosphorus,
magnesium hydroxide, melamine, metal
phosphinate (for PA), and Metal
phosphinate (for PBT and PET)

Printed circuit
boards

(c-PentaBDE))

Reactive TBBPA

(for epoxy resin); Additive
TBBPA

(for phenol resin)

Phosphorus based halogen-free flame
retardants:
dihydrooxaphosphaphenanthrene (DOPO)/
aluminium hydroxide (for epoxy resin);
Metal phosphinate/ DOPO/ silica dioxide
(for epoxy resin); Polymer phosphonate (for
epoxy resin); Flame-resistant thermosets
Flame-resistant thermoplastics (under
development)

Textile coatings
(c-PentaBDE)

DecaBDE (for various fibres);
HBCD (for various fibres);
Halogenated phosphor
organic flame retardants

Inherently flame-resistant synthetic fibres
with integrated flame retardants (for PP
and PE); Flame-resistant synthetic fibres (for
polyaramide); glass fibres; Long-term
integration of phosphonium

compounds (for cellulose); Intumescent
systems (for various fibres)

Polyurethane foam
(c-PentaBDE)

Firemaster 550 and 600;
Halogenated phosphor
organic flame retardants

Various barrier technologies;
Substitution of PUR foam in
applications

certain
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Overview on non-halogenated FR from industry
Including some key application of PBDEs & HBCD
Application options of non-Hal-FR; PINFA Product selector

Version 5.0: Status: 2009-12-01 Solid Thermoplastics Foams Textiles, Paints, Adh. Thermosets Wire/cable
Chemical name M ; El§ I~ g g 5
g NOAREE ; 1R
i 3 i i £ 3 E
HE R IR é&iiﬁ? il i IAHAH HHHEHEE A HE
AR HHEEEERH HE SHEMER R HEHEER REEEHEHERREBE
77N S S ety S I SCaRghim Pl T Sl
Mhawﬁtmmv‘. x| x ] X x My X X TESEIEREIE )
EMWM x| x X X X X
APP Anocrmam Poboroieate (v smeesgei) ] 1] Xl x ) ] 1 K X w I
[ATH Ry 7 myrcnide [ 51 Y X B AR EREEEE R I I EL 1
= Product selector
|Bostrse (AvmTvammpdasecade| X|x|x|x|x|x lX
— roduct se ec or
|Deyorosphrate, starmr 26T N4 x| xlm
ey — T e - Please enter the Chemical Name, Abbreviation, Trade Name, CAS, EC N°, supplier or other.
CI0WT L Wl (7788798 x x x x
yscetcach ST L3 e Epaerges il * 1 Keywords
Direthg prosase shodotoning 5553
Dahard (2 athyhery) shetpham 68T me
e ied phwncl Thoshem WAL Search |
MO - Wagresise 3 bydcache 155 X X
(Vislarure weT8
e et et : AR Chemical name CAS ECN°® GHS Labelling Reach
Visarure Dccstele e Y] T
s et l AR RAR Aluminium tri-hydroxide 21645-51-2 2444927  none 2010
P...s...vm:m:'mm rpeen 391 3oy met ;?'.?.‘.fi‘ = Foams Rubbers/Elastomers  applicable
Phacsors
fmv::‘-aw phocnm) ”m? AR E i PVCinitrile foam applicable
Red phoasmona 7722140 X
w:M:mwml 77_3::: 8 T KT (P:lye)eﬁylenefoam applicabl
[TEP - Trwe! chaphase )
R ks PURfiexible foam  applicable
T (2 etrpenyt; procprate Tz T 1Y T e Y Y O Y P T O T ) 5 O O . ) O |

www.pinfa.org/index.php?option=com_chronoconnectivity&connectionname=product_selector



Paxymer — polymer meeting flammability
standards without the use of flame retardants

Was included in 1. POPs Free project (No PBDEs, HBB, HBCD).
* No persistent, bio-accumulating or toxic characteristics (PBT).

* No carcinogenic, mutagenic or reprotoxic characteristics.

* Improved burning performance and elimination of HBr/Smoke.

* Improved recyclability of the product (sustainable production).
(information from CPRAC SC Barcelona)

THE BURNING PROCESS:
Paxymer material vs.
a brominated material

Paxymer material Brominated material

11
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HBCD - Alternatives and POPs free

* Three case studies on HBCD alternatives:

* “Chemicals in products - Alternatives to the use of flame
retarded EPS in buildings” (Norwegian EPA for POPRC).

* USEPA activities under the ,Design for the environment”
framework http://www.epa.gov/dfe/pubs/projects/hbcd/about.htm

* EU-funded SUBSPORT project report ,Specific Substances
Alternatives Assessment — Hexabromocyclododecane”.

°Other relevant new mformatlon WI|| be mtegrated (e. g POPRC9)
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PFOS - Alternatives and POPs free

Reference to the the work of POPRC:

* Guidance on alternatives to perfluorooctane sulfonic acid, its
salts, perfluorooctane sulfonyl fluoride and their related
chemicals (ongoing work).

* Alternatives for PFOS in open applications (2013).

Based on POPRC recommendation on certain applications COP 6
request parties and observers to provide information on use of
PFOS or its alternatives and on guantities of PFOS used for:

1 (1) Aviation hydraulic fluid;
1 (1) Chemically driven oil production;

1 (i) Electric and electronic parts for some colour printers and
colour copy machines.

The publication can be easily updated with information coming
from this process or add reference to POPRC document.
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Outline of the publication

Content/main chapters of the publication
1) Introduction

2) Snhapshot of information on each chemical in articles and
products (PFOS, POP-PBDEs, Lindane, Endosulfane, DDT,
PCB)

3) Current status/case studies POPs free/POPs alternative

4) How can we add more understanding on the use and
alternatives of POPs In articles.

5) Conclusions and recommendations
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4) How can we add more understanding on
the use and alternatives of POPs In articles ?

* Currently lack of data on POPs in articles:

* No/scarce data on PFQOS in carpets, aviation hydraulic etc.
* On the presence of PBDE in waste/recycling flow.

* Challenge on monitoring of POPs in articles to conclude in an
“accredited” manner on POPs content and on “POPs free”:

* Global lack of standards to measure POPSs In articles.

* Lack of monitoring capacity in developing countries/countries
with economies in transition.

—Challenge/need to develop monitoring (optimizing resources).
(Involvement of regional centers in monitoring in regions?)

* Other monitoring approaches (custom approaches, industry
approaches).



. . . 1
Referencing to Guidance on screening of newly

listed POPs in products and articles (Draft)

Paragraph in publication referencing to the monitoring guidance

highlighting some key features of the monitoring guidance:

Provide guidance and monitoring strategies on screening of the
POPs content in articles and products in use and in the recycling
streams for those POPs listed in 2009 and 2011.

Where available, best practice case

studies for key articles/products

possibly containing POPs listed in

2009 and 2011 were referenced In AT W, . P
the respective chapters. A selection PR Baooo gzorr
of these case studies on monitoring

POPs in articles can also be referred

In the publication (e.g. the screening

of PFOS in articles by SCC China). Dratt

February 2013

6
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4) How can we add more understanding on
the use and alternatives of POPs in articles

Approaches of assessment of alternative (in addition to POPRC).
There are a range of activities of parties/governments, research
community and NGOs on alternative assessment. Examples with
relevance/link to POPs alternatives will be considered e.g.:

* Green Screen approach US EPA (was used by SCC China
for assessment of alternatives to PFOS in insecticide use).

* SUBSPORT Internet portal supporting practical substitution.
Certain POPs alternatives are addressed (e.g. HBCD; PFOS).

* ENFIRO project: European Commission-funded project offers
a prototypical case study on substitution options for PBDE/BFR
considering Life Cycle Assessment approach.



European research project ENFIRO: “Study of N

Environment-Compatible Flame Retardants”
Assessment of PBDE/HBCD/BFR alternatives in selected
applications with life cycle assessment for a prototypical approch.

Prioritization and

ot Selected applications:
* Printed circuit boards
 Electronic components

! ! ! ] » Injection moulded product

Hazard Exposure, FR YJJILELLE © Textile coatings
Characterisation ™ fate, model. Capability ™ studies

e * Intumescent paints

4

Risk
assessment
-Environmental
-Public Health
-Occupational Health

Impact
assessment
studies

e I http://www.enfiro.eu/
Dissemination
Source: Pim Leonards et al, BFR2010 04/2010, Kyoto and BFR2013, 04/2013 San Francisco
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ENFIRO: Assessment of toxicity of BFR
alternative flame retardant applications

In parallel to ENFIRO project, toxicological information on halogen

free flame retardants have been compiled in a scientific review.

Persistence, Bioaccumulation, and Toxicity
of Halogen-Free Flame Retardants

. —_—— ; . .. .. 5 Organophosphorus Flame Retardant Compounds and Their Salts .........
Susanne L. Waaijers, Deguo Kong, Hester S. Hendriks, Cynt  _ = .
S G S SRNORS o > 3:1 "TOPhEnYIPhOSPHALE ....occovmnmimsmmsmmammmsmnmmnssaeis o
Ian T. Cousins, Remco H.S. Westerink, Pim E.G. Leonards, 57 Res sl Bistdiphsvlnhosshiate)
I\"(‘hlt‘l H.S- Kl‘azlk. “'lnl .-\dnllr‘dal. Plnl dl‘ \"()Ogt. and J()hn :.: 'CSOR,IIK IS.( II ]ell) I 105} 112 1 1 ) S O PR S P R S S P AT T S B P
| Inteodbietiom:: s e R e 5.3 Bisphenol-A Bis(diphenylphosphate) .............cco....c... cosnesensnnsanen
2 oNelesied BB e ? “_1 9.10-1')1hydr0.-9-0xa- 1()-ph‘osphzlphenanthrene-]0-ox1de ---------------
3 Chatacterstics of the Selested HEER .o oo 3.5 'Alummum Dleth_\"lp.hosphmate .......................... e
3.1 Physical-Chemical Properties .........c.cccccovveeiuernnncnn, 2 lr\]'tll)?ge'}“BlaSg;l Or.g(uln;) K l.m:% Retardant: Melamine Polyphosphate
: ; ; rsical—-C BAE PROPERIES v mossins oo s i G5
3.2 Environmental Presence and Production Volumes, " e e s e e
" 22 6.2 PR e IO s S G S s
3.3 PerSISIe N s S R e o o :
; 3 3 6:3" BloaccummMIaiBn ... i i v sia e s s
.4 BloscoumBIaiBN .. ..uamns i : s
3.5 Toxicit Y MR I NURE o couerenoscmns ctnopmomsomicens s o i et e S A e e s
?6 C(l)l\l%'lﬁ) i e An Intumescent System: Pentaerythritol...........coiinimimsnmisioe
i PAASSLICRRONLL s popasnss s cessai s POAAR SR SRR R4 7.1 Physical- Chemical PTOPEFHES v.ovisu g e
4 Inorganic Flame Retardants and Synergists .................... 4.8 Pardtenie
4.1  Aluminum Trihydroxide ..., 7.3 BloaccummIaiBN ... s A
4.2 Magnesium Hydroxide. Mg(OH), .....ooovvvvvirvnnnnn T4 TOXICIEY touvreeuiiertiee ettt eeeet e et e e es e eae e ae e e
4.3 Ammonium Polyphosphate............ccccoiiinin IR U s T S T DN S NP ST AR A
4.4 ZiC Borate (ZB).ovoswisimiissusmvisimmseiosrosson 8.1 DEERATARIABRIEY vivcussconiunsusenovssinnmonsiisss s a3
4.5 ‘Zine Hydroxystannate ... i 8.2 'Inconsistency of Data: v mra s s s
4:6. ‘Zinec Stannate cuannsnninassnannsniiiusesa 8.3 Persistence. Bioaccumulation, and Toxicity of the Selected HFFR

Source: Waaijers et al., Reviews of Environmental Contamination and Toxicology 222 (2013)
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First feedback from stakeholders

A comment from the first exchange on the outline of the
publication with some regional centers:

* Suggestion to include a paragraph on unintentionally POPSs.

This issue will now be considered by referring to case studies
available from UN documents:

* Japan government input on HCB in certain pigments (COP 4/5):
Suggestion on BAT-levels for HCB in certain pigments.

* Stockholm Convention Dioxin Toolkit BAT category for 2,4-

Dichlorophenoxyacetic Acid (2,4-D) and Derivatives with BAT-
level for Dioxin content.

Question: At what level is an article/product “POPs free™?
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Outline of the publication

Content/main chapters of the publication
1) Introduction

2) Snapshot of information on each chemical in articles and
products (PFOS, POP-PBDEs, Lindane, Endosulfane, DDT,
PCB)

3) Case studies/current status for the individual POPs

4) How can we add more understanding on the use and
alternatives of POPs in articles

5) Conclusions and recommendations
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5) Conclusions and recommendations

* Recommendations which have been developed by the POPRC
In respect to alternatives to POPs. E.g. on PFOS:

* Recommendation on specific Applications;
* Recommendation regarding Information Gaps;
* Recommendation on Future Work.

* Recommendations/conclusions from the workshop POPs
free/alternative WS 23/24. August SC/BCRC China. E.g.:

* Need of monitoring of POPs In articles in developing country;

* Assessment of the recycling flows of products and related
risks (RiskCycle).

* More research studies on the life cycle
of POPs and the alternatives;

* Elements for consideration from exchange
with stakeholders that will be compiled in
the frame of developing the publication.




Thank you for your attention —
Questions ?
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Meetings | Documents | Contacts | Projects February 7, 2011, | Login

COUNTRIES

Stockholm Convention o [ AA| Searc
on persistent organic
pollutants (POPs)

smcuumm CORVENTION ©
PROTECTING THE ENVIRONMENT

h

http://www.pops.int

ssc@pops.int


http://www.pops.int/

PBDE - Alternatives and POPs free

Level 1&2 — Substance & materia

| Fire Retardants |
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substitution

Gas Phase /\‘

Condensed Phase

N

Flame Inhibitors
e.g. Halogens,

Diluents
e.g. metal hydroxides,
Phosphorus metal carbonates

Heat Dissipation
and absorption

Drip promoters
(depolymerisation

\ 4

agents
Barrier Formation

.//\.

Char

Inorganic Residues

Intumescents

/ _
Carbon

Char
promoters nanotubes?

Acid + Blowing Agent
+ Carboniser

Metal hydroxides + carbonates

Nanoparticles

Source: Richard Hull, (PBDE BAT/BEP Guidance 2012)

lonomer = calcium silicate
(Casico)
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Snapshot of information on the chemicals

Technical endosulfan and related isomers

Listed under Annex A with specific exemptions

Risk profile Ar, Cn, Fr, En, Ru, Sp
Risk management evaluation (RME) Ar, Cn, Fr, En, Ru, Sp,

Endosulfan is an insecticide that has been used since the 1950s to control crop
pests, tsetse flies and ectoparasites of cattle and as a wood preservative. As a broad-
spectrum insecticide, endosulfan is still used to control a wide range of pests on a
variety of crops including coffee, cotton. It has been listed with crop-pest list of

exemptions.
POPs characteristics of Endosulfan

Chemical identity and properties

Alternatives

Useful links




