Workshop on sound management of PBDEs and phasing-out
opportunities in Sri Lanka

Held on 27™ November 2015 @ Water,s Edge, Battaramulla, Sri Lanka
Organized by
Ministry of Environment & Renewable Energy

In Collaboration with

Basel Convention Regional Centre for Asia and the Pacific (BCRC),
Stockholm Convention Regional Centre for Capacity-Building and the Transfer of
Technology in Asia and the Pacific (SCRCAP), China

And

South Asia Co-operative Environment Programme (SACEP)
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Introduction

Project on Sub regional Action Plan (Asia) for Polybrominated diphenyl ethers (PBDEs)
management and reduction was developed by Stockholm Convention Regional Centre for Capacity-
building and the Transfer of Technology in Asia and the Pacific (SCRCAP)/Basel Convention
Regional Centre for Asia and the Pacific (BCRC, China) together with Cambodia, Laos, Mongolia,
Pakistan, Sri Lanka to access pollution characteristics of PBDEs in main waste recycling sectors, to
reduce the risks caused by PBDEs through a demonstration of application of Best Available
Techniques (BAT)/Best Available Practice (BEP) in selected sectors and propose a regional pollution
control strategy and national frameworks m Asia.

The workshop on Sound Management of PBDEs and phasing-out opportunities in Sr1 Lanka was one
of the key activities of the above project in addition to the report prepared on “National Summary
Report on Present Status of PBDEs Management”. The workshop 1s jointly organized by BCRC/
China, Ministry of Mahaweli Development and Environment and SACEP. The financial support for
the workshop 1s provided by BCRC/China through UNEP /GEF. The total project cost 1s USD
3,950,000 and co- financing 1s USD 11,800,000.

PBDEs are organic chemical compounds, which were and partly are extensively used as flame
retardants 1 products such as electronic equipment, plastic housings, textiles and polyurethane
applications. They are one of the most hazardous industrial Persistent Organic Pollutants (POPs)
identified by the Stockholm Convention (SC). Hexabromodiphenyl ether and heptabromodiphenyl
ether, Tetrabromodipheny! ether and pentabromodiphenyl ether are considered as PBDEs under the
SC. Sr1 Lanka being a paity to the SC, for which the amendments have entered mnto force on 2012
has the obligation to ensure sound management of the PBDEs. The Ministry of Mahaweli
Development & Environment, the National Focal Point of the SC in Sri Lanka is implementing the
project while eligible for USD 440,000 under the project and the co-financing 1s USD 1,420,000.
This in-kind contribution which calculated as Co-financing is from Minstry of Mahaweli
Development & Environment and other related stakeholders including staff time, coordination,
office, equipments, etc. The project will be started in year 2016 and project period 1s 3 years.

Objective of the Workshop

The one day workshop to gather the background information and creating awareness among the
stakeholders on “Sound Management of PBDEs and phasing-out opportunities in Sri Lanka” was
held on 27" November 2015 at the Water’s Edge Hotel, Battaramulla, Sr1 Lanka in collaboration
with Basel Conventional regional Centre for Asia and the Pacific (BCRC), Stockholm Convention
Regional Centre for Capacity-Building and the Transfer of Technology in Asia and the Pacific
(SCRCAP) - China and South Asia Co-operative Environment Programme (SACEP) and an
international POPs expert from Germany. About 30 govemment officers/individuals were
participated at the workshop representing key stakeholder institutions. The Agenda (Annex I) of the
workshop and list of the participants (Annex IT) are attached.
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Summary of the Work Shop

The workshop was started with the Welcome Remarks by Mr. Anura Jayatilake, Director, Air
Resource Management and International Relation /Ministry of Mahaweli Development and
Environment.

Mr. Jayatilake was introduced the country overview of the POPs and chemical management and
importance of having an environmental sound management of PBDEs in the country. He further
explained about the POPs, their special features, adverse impacts and the present and future activities
to control POPs by the Ministry as the focal point of Stockholm Convention to Sri Lanka. The
presentation is attached in Annex 111

On behalf of the BCRC/China, Ms. Fang LIU, Technical Assistant was made the Welcome Remarks
and explained the objective of the workshop is to find out the phasing out opportunities of PDBEs 1n
Sri Lanka. She also explained about the participating countries of the project, resource allocation and
Regional Corporation.

At the end of the opening session, self introduction of the participants were made and participants
gave a brief introduction of them and their institutes. :

Technical Session was started with the presentation made by Ms. Fang LIU, Technical Assistant,
BCRC/China. Introduction of PBDEs, their properties, risk, use, and end of life were presented and
she explained that production and use of PBDEs have to be eliminated by Parties subject to the
exemptions allowed by the Convention. Products and articles containing PBDEs include; electronic
equipments and wastes, mtenor foam and carpet padding, interiors in transportation, and drilling and
construction materials. Due to the complexity and magnitude of usage of the PBDEs, eliminating
them represents a challenge for many Parties. Through the presentation she explained the chemical
and physical nature of PBDEs, production and usage and their risk to human health. The presentation
1s attached in Annex I'V

Dr. Roland Weber, International POPs Consultant, UNIDO was made couple of presentations on
“Guidance for the inventory of PBDEs listed under the Stockholm Convention- a tiered approach”,
“Introduction to draft Guidance on Sampling and Analysis of POPs in Products and Articles”, “Case
studies on PBDE and HBCD monitoring in articles, products and waste” and Alternatives to PBDEs
and substitution approaches. He is working in the POPs management and have mvolved in Review
and Updated of National Implementation Plans (NIP) of POPs in many countries including Sri
Lanka. He stressed the importance of Environmental Sound Management of PBDEs while presenting
several case studies of the different countries. He showed that immediate action to be taken for the
management of PBDEs. The presentations are attached in Annex V

Thereafter, Ms. Fang LIU, BCRC/China was made couple of presentations on “E-waste Management
including E-waste plastic in China” and “Testing of PBDE samples and Challenge of PBDE
analysis”. The presentation was based on the studied done by BCRC/China. China is one of the best
examples of Environment Sound Management of e-waste in the region. Also Ms. Fang also
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explained about the duties and responsible of BCRC with regards to e-waste and PBDEs
management. The presentations are attached in Annex V1

Prof. Ajith De Alwis, Head-Faculty of Chemical & Process Engineering, University of Moratuwa
and PBDEs Expert of the NIP update project was made a presentation on “Present Status of PBDESs
Management in Sri Lanka”. The presentation was based on the inventory preparation of the NIP
project and study conducted under the regional project on PBDES management. Prof Ajith
explained that the production of PBDE in Sri Lanka is effectively zero. Even though PBDEs are
considered to be no longer produced, the main challenge for their elimination is the identification of
existing stockpiles and articles containing PBDEs and their disposal at end-of-life according to the
presentation. Mainly there are two types of matenal flows of PBDEs; electrical and electronic
equipment (EEE) and related waste (WEEE) and transport sector and end-of-life vehicles (ELV). In
order to phase out of PBDEs in Sri Lanka, an environmental Sound Management of PBDEs 1s
essential and management actions are to be taken soon. The presentation made by Prof. Ajith is
attached in Annex VII

During the Questions and Answers session, participants were allowed to raise questions and
clanfications from the respective presenters. Finally, all the participants of the workshop were shown
their interest to support the upcoming project on PBDEs.

The way forward and closing remarks of the workshop were made by Mr. S M Werahera, Assistant
Director, Air Resource Management & International Relations, Ministry of Mahaweli Development
& Environment by conveying special thank to the  Dr. Roland Weber, Intemational POPs
Consultant, Ms. Fang LIU, Technical Assistant from BCRC/China, Director General, SACEP and
the Ministry staff. He further mentioned that under the NIP, there are many management actions
have identified and those actions can implement together with the PBDEs management project
activities. According to him, there are several upcoming projects related to chemical and waste
management that are interconnected and therefore a single approach can be taken to implement them
in the country.



Annex I
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Session 4: Monitoring of PBDEs in articles: case studies

11.40 - 12.00pm

Introduction to Guidance on monitoring
on new listed POPs in articles (with
special emphasis on PBDEs )

Dr. Roland Weber
International Expert on POPs

12.00 12.10 pm

Questions and Answers

ALL

12.10-1245 pm

Presentations on case studies

Dr. Roland Weber
International Expert on POPs

1245 -1.00 pm Questions and Answers ALL
1.00 -2.00 pm . Lunch
Session 5: Articles containing PBDESs identify and analysis
2.00-2.20 pm E-waste Management including E-waste | Ms. Fang LIU
plastic in China Technical Assistant
BCRC/SCRCAP, China
2.20-2.40 pm Testing of PBDE samples and Challenge | Ms. Fang LIU
of PBDE analysis Technical Assistant
BCRC/SCRCAP, China
240-2.55 pm Questions and Answers ALL
2.55-3.10 pm - féa/Coﬁee Break . .

Session 6: Alternatives and substitution approach

3.10 - 3.40 pm Alternatives to PBDEs and substitution | Dr. Roland Weber
approaches International Expert on POPs
340-3.50 pm Questions and Answers ALL
3.50 - 410 pm Present Status of PBDESs Management | Prof. Ajith De Alwis
In Sri Lanka PBDEs Expert/NIP project
Head-Faculty of Chemical & Process
Engineering, University of Moratuwa
410 -4.15 pm Questions and Answers ALL
415 -4.25 pm Way Forward Mr. S M Werahera, Assistant Director, Air
Resource Management & International
Relations, Ministry of Mahaweli Development &
Environment
04.25 pm Close of Programme
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Workshop on Sound management of PBDEs and phasing-out opportunities in Sri Lanka
27" November 2015 at Waters Edge, Battaramulla

Organized by:

Air Resource Management & International Relations, Ministry of Mahaweli Development & Environment

I Collaboration with,
Basel Convention Regional Centre for Asia and the Pacific (BCRC)/ Stockholm Convention Regional Centre for Capacity-Building and the Transfer of

Technology in Asia and the Pacific (SCRCAP), China

And South Asia Co-operative Environment Programme (SACEP), Sri Lanka

List of Participants
No Name Designation Institute Telephone Fax E mail
1 Mr. Gamini Gamage Addl Secretary 011-2875327 0112879834 gaminigamage@yahoo,
(E&P) co.uk
2 | Mr. Anura Jayatilake Director, ARM 011-2888248 011-2888248 lasith@slt.1k
& IR
3 Ms. Deepa Liyanage Sustainable 011-2877286 011-2861726
Director Environment
Division " .
4 | Mr. S, M Werahara Assistant Ministry of Mahaweli 011 2888248 011-2888248 | smwerahera@yahoo.
Director/ ARM Devglopment & com
Environment, 82,
& IR Sampathpaya, Battaramulla
5 Ms. Vindya RA ’ 011-2888248 011-2888248 eeconga@yahoo.com
Hewawasam
6 | Ms. Chandima S N, Sustainable 011-2883456 011-2865452 Snm_2014@yahoo.com
Mohettige Development
Programme Assistant Division
7 Ms. Kasunhari DO 011-2888248 011-2888248
Pathirage
8 | Dr. Roland Webber International Germany +49-7171- roland. weber] O@gmail.
Expert on POPs 189809 com
9 Ms. Fang Liu Technical BCRC/ SCRCAP, China +89-
Assistant 13810987672
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10 | Ms. Jacintha S Tisera Administrative 0718-188658 0112872605 Jacintha.tissera@sacep.
Officer South Asia Co-operative org
Environmental Programmed
11 | UK Rathnadeera Senior (SACEP), 69/4, Maya 0716-436307 0112-589369 Rathnadeera.uk@sacep.
Programme Avenue, Col 6 org
Officer
12 | Prof. Ajith De Alwis Head-Faculty of | University of Moratuwa, 077-7342476 ajith@uom.lk
PBDE Expert Chemical & Katubedda, Moratuwa
Process
Engineering
13 | Mr. Asitha Addl Secretary | Ministry of Industrial 011-2447224 0112333341 asithakymara.email.com
Senavirathne Development, P O Box: 570,
73/1, Galle Rd, Col 03
14 | Ms. Hasini Lakdarani Assistant Ministry of Transport & Civil | 011-2687105 011-2684 930 info@transport.gov.lk
Director Aviation,No 1,D R 011-2669307 011-2689 454
Wijewardena Mw,Col 10 011-2682952 :
15 | Ms. Sujeewa Fernando | EMO Ministry of Health, 0714-439218 sujeewall@gmail.com
Sawsiripaya, Baddegama
WimalawansaThero Mw,
Colombo 11
16 | Ms. Dushanthi Research 0714434773 ranpatigefdittik
Ranpatige Engineer Industrial Technology
Institute, Head Office, 363,
17 | Ms. D.M. Hasanthie S | Research Baudhaloka Mw, Col 07 0714433422
Disanayaka Engineer
18 | Mr. Keerthini Senior Deputy Sri Lanka Standards 011 2671573 11 2671579
Suraweera Director Institution, 17 Victoria Place | 011-2671567-72
JElvitigala Mawatha, Col 08 | 011-2671575
19 | Ms. LN. Weerasekara Assistant Import and Export Control 011-2324386 112-328486 imexport@sltnet. Jk
Controller Department,No: 75 1/3, 011-2326774
1st Floor, Hemas Building,
York Street,P.O. Box - 559
Colombo 01
20 | Mr. Sajith Fernando Assistant Department of National 011-2484500 011-2445065
Director Planning, The Secretariat, 1st | 011-2484600

Floor, Colombo 1

076-6815790




21 | Ms. Wilka Ranasinghe | Senior Central Environment | 0714934191 Wilka wayanthi@gmail
Environmental | Authority, 104, Parisara .com
Officer Piyasa, Robert Gunawardena
Mw, Battaramulla
22 Production Damro Co. (Pvt) L.td, 361, 033-2285339 033-2285449
Manager Salgastennawatta, Kandy Rd,
Nittambuwa.
23 | Mr. Inu Devin Gamage | Brand Manager | Abans PLC, 498, Galle Road, | 011 2 376000 011 2-263300
Colombo 03 0112-565265
24 | Ms. AK. M Privanvada | Assistant Construction Industrial 0777348325 0112-699738 mpriyanvadal 973 (@
Director Development Authority gmail.com
(CIDA), “Savsiripaya”, 123,
Wijerama Mw, Col.07
25 | Ms. Nisansala RECP National Cleaner Production | 011-2822272/3 | 0112-822274 Nsranvndeniya@gmail.
Ranundeniya Technologist Centre, 66/1, Devala Road com
Nugegoda.
26 | Mr. Rashanka Business Green Link (Pvt) Ltd 20/1 A, | 0714 066 455 0714-200555 rashanka.greenlink.1k
Gunarathna Development Moragasmulla Road 071 6305184,
Rajagiriya 0115661 731
27 | Mr. Oshada Business Green Link (Pvt) Ltd 20/1 A, | 0115661 731,
Werasingahe Development Moragasmulla road
Rajagiriya
Supporting Staff
30 | Mr. Kasun Dewapriva | KKS 011-2888248 eeconga@yahoo.com
Ministry of Mahaweli
31 | Ms. Dilhan: Maheshika | Trainee Development & 011-2888248 eeconga@yahoo.com
Environment, 82,
32 | Mr. R. Thilakarathna Driver Sampathpaya, Battaramulla 011-2888248 eeconga@yahoo.com
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7

POPs Management in Sri Lanka

Mr. Anura Jayatilake
Director
Alr Resource Management & International Relations
Ministry of Mahaweli Development & Environment

@

Stockholm Convention on Persistent
Organic Pollutants (POPs)

Objective:

To protect human health and the
environment from chemicals that
remain intact in the environment for
long periods, become widely
distributed geographically and
accumulate in the fatty tissue of
humans and wildlife.

S

b Date of Adoption: 22.05.2001
» Date of Entry into Force: 17.05.2004
» Date of Ratification by Sri Lanka: 22.12. 2005

b Date of Entry into force in Sri Lanka:
22.12.200%

» Number of Countries which have ratified the
Convention: 179

e National Focal Point: Ministry of Mahaweli
Development & Environment

» Competent Authority:
Pesticides-Registrar of Pesticides (ROP)

Industrial Chemicals: Central Environment Authority (CEA)

What are the POPs?

Persistent organic pollutants
(POPs) are organic compounds
that are resistant to
environmental degradation
through chemical, biological, and
photolytic processes

Py

Special Features of POPs

» Persist in the environment for long
periods

+ Capable of long-range transport

+ Bioaccumulation in human and animal
fissues

» Biomagnify in food chains
s Potentially significant impacts on human
health and the environment.

P
\@l » Grass hopper effect and cockfail effect

(/)

Adverse impacts of POPs

Exposure to POPs can cause
serious health problems including
certain cancers, birth defects,
dysfunctional immune and
reproductive systems, greater
susceptibility to disease and even
diminished intelligence
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» Project on Enabling Activities 10 Review and Update the National

.

Present & Future Activities

Implementation Plan under the Stockholm Convention for

Persistent Organic Pollutants (GEF/UNIDO) -On going

Project on Environmentally Sound Management and Disposal of
PCBs Wastes and PCB Contaminated Equipment in Sri Lanka
{GEF/UNIDO) - On going

Project on Sub Regional Action Plan (Asia) for PBDEs
Management and Reduction (GEF/BCRC, China). Participating
countries are Cambodia, Lao PDR, Mongolia, Pakistan and Sri
Lanka -GEF CEC approved

Preparation of list of products and HS Code for the issuing a new
gazette through Import and Export Control Department.
Barining and minimizing the use of plastic bags to reduce their
effects on environment through illegal dumping and bumning,

@@

Thank You

For further information:
vir Resource Management & International Relations
Ministry of Mahaweli Development & Environment
980/4 A, Wickramasinghe Place
Ethul Kotte
Tel/ Fax : 011-2888248
Email: eeconga@yahoo.com
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« Electrical and electronics industry,

Computer and TV casings (mainly CRTs), cold resistant separators in
refrigerators, casings, and other parts in electrical and electronic appliances are
made of ABS, HIPS, or PBT, which may contain PBDESs.

* Transportation industry;

Most present-day PBDES are used in the transportation i convevor belts; rubber
pipes for tnsulation; and the textile coatings of seating in automotive, aircraft, and
rains.

*  Fumiture indusiry;

PBDESs have also been applied to back coatings and impregnation for carpets, as
well as fumniture coating in homes and office buildings, and PRDES are added into
polyarnide polymers as coating for furniture.

«  Textles and carpet industry;

Fabrics; curtain, carpet; coating, ect.
= Construction industry;

PBDESs are incorporated into potentially flammable construction materials to slow
down and/or inhibit combustion. Polywethane foam containing PBDEs is also
used for sound insulation.

Baip aenrp LG G

It is considered that between 90% and 95% of the use of ¢-PentaBDE was for
the treatrment of PUR foarn. These foams were mainly vsed in automotive and
upholstery applications. Minor uses included textiles, printed circuit boards,
insulation'foam, ‘cable sheets, conveyer belts, lacquers and possibly drilling
oils: (UNER, 2007}

UNEP.- 2007 Repory of the Persistent Organic Pollutants Review committee on
the work of its third ing — addendum, Risk evaluation on
commercial pentabromodiphenylether. UNEP/POPS/POPRC.3/20/4dd [

Bile e it o8

Material flow c-PentaBDE containing articles

s RTOEPTO, e Prrraist

N

ANesL SCRAP

Vs,
[T WASTE
| MANAGEMENT
T |

[ s

The main former use of ¢-OctaBDE was in acrylonitrile-butadiene-styrene
(ABS) polymers, accounting for about 95% of ¢-OctaBDE supplied in the EU.
The treated ABS was mainly used for housings/casings of EEE, particularly
for cathiode ray tube (CRT) housings and office equipment such as copying
machines and business printers. Other minor uses were high impaet
polystyrene (HIPS), polybutylene terephthalate (PBT), and polyamide
polymers. Although the majornity of these polymers were used in electronics,
there was also some use in the transport sector.

»  Other minor uses found in literature include nylon, low density polyethylene.
polycarbonate, phenclformaldehyde resins, unsaturated polyesters, adhesives
and coatings. (UNEP 2010 2,b)

roy s bers.en

19|

Material How o002 BDE contdining articles

. . ST Loy St







% Health risk of PEDEs: cw&o&ﬁﬁ%@mobdo@n cormpounds present in
the serum of pregnant women would transfer over the placenta to the infants,
diabetes, and highest exposure individual scored five less IQ points, ete.

& The sisks assoeiated with individual POPs have been assessed by the
Persistent Organic Pollwtants Review Committee (POPRC). The risk profiles
on: i oPenaBDE  (UNEP/POPSPOPRC. V1Y AL L) and  oQctaBDE
(UNEP/POPSPOPRC.21T/Add.4), and the risk management evaluation
documents:for ¢-PentaBDE  (UNEP/POPS/POPRC.INO/AADY) and o
OcrBDE (UNEP/POPS/POPRC. 41 5/Add. 1), can be viewed ard downloaded

ol wywpopsinl.

Sl Seven ot

=~ . Energvimaterial recovery from POP-PBDE-contabung matenals

Plastic wistes which cor?min polybronsinated diphenyl ethers (PEDE) should be
excluded fom matenal recycling besause of the possibility of emitting dioxins and
furans. Instead siuch plastic wastes should be treated in feedstock recycling facilities
orin contralied ineinerators recovering energy. The Technical Guidelines for the
Identification and Envi iy Sound M. of Plastic Wastes and for
sheir Disoozol” (Bassl Convention, 2002)

anvd developing countries. Major POP-PBDE-containing materials like WEEE
plastic, ASR and powntially other POP-PBDE/BFR-containing materials are also
partly treated. Since pement kilns can only take a limited amount of
chlarinefbromine particular care has to be taken on input amount,

Ko wowdete en

Cement kilns are mcreasingly wsed in waste management schemes in both industrial

Disposad of PDP-PBDE-containing materials to landfills

Mast déveloping eountries do not have established recycli h to
separate POR-PBDEs from large material flows such as end-of-life
vehicles, WEEE plastics, fomiture and mattresses. Nor do they have the
capacity, human o financial resources, for sophisticated waste
managerient practices, treatment and disposal options.

Therefore in many developing countries a high proportion of wastes is still
disposed of to landfills and open dump sites, sometimes with open
butrning, which hag severe negative impacts on human health and the
environment;

This situstion nieeds 1o be wgently improved for a better envisonmentally
sound management of this waste and for a better recovery of materials
frome-waste amd other PBDE containing matedals.

«

Contacts:
Basel Convention Regional Centre for Asia and the Pacific
Stockholm Convention Regional Centre for Capacity-building and the Transfer
of Technology in Asia and the Pacific
Adg: Sino-ltalian Ervronmental and Energy Building, Tsinghua Unbversity
Tel: 86 84351 Fax: 86 10 62772048
Email: % ¢
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Workshop on Bound Management of PBDEs and Phasing-out !
Opportunities in Developing Parties
27. November 2015, Colombo, Sri Lanka

Guidance for the inventory of PBDEs
listed under the Stockholm
Convention - a tiered approach

Dr. Roland Weber
POPs Environmental Consulting, Germany
roland, weber10@web.de

Why to develop a POP(-PBDE) Inventory ?

« POP inventories are the basis for prioritization, action plan
development and for deciding on management strategies.

« |tallows the assessment whether the current country
situation meets the SC requirements and where not.

> ltprovide a basis for the reporting obligations.

« Helps to identify information gaps for prioritization and
action plan development.

»

To identify the need for further financial/technical support.

POP-PBDE Inventory Guidance

« Guide to identify/quantify articles containing POP-PBDEs
in importfexport, use, stockpiles, recycling and wastes;

» Provide guidance to estimate missing information
required to complete the inventory;,

+ Give information for prioritization in POP-PBDE action
plan;

Content/Structure of
POP-PBDE inventory Guidance

Invemtory Guldante for POPPBOES ]
¢ 4

| Formes POP-PBDE praduction and uses {Chapter 2} [

1 inventory Steps for POP.PBDEs [Chapter 3} |

i
g —| tnventery of POP-PBOES (Chapters 4-T) | ------------------- "
. t
¢ i i i '
) {Grapterdj | & end-of. Other uses {Chapter ) N
. i| s vehicles (Chapter §) i
' .
N r
i .
: 1 T p I :
. | tnuse H Recycle | l Wagte | ‘ Fumitne | i Textites ; Construction [ i
i ; ; , .
: ] s !
! 1 i I '
i i .
; l Contamlnated sheg (Chapter 7] l 4
. t

STEPS TO CONDUCT A POP-PBDE INVENTORY?®

] Step 1: Planning the inventory ]
Establish Kentify key Define || Developthe
1 national stakaholders irveniory | work plan
SETRE
v
Step 2: Choosing data collection methodologies
A
¥
i Step 3: Coliecting and compiling data from key sectors I
EEE in use, stocks, in Transport secior and Other uses (e.g.
recysiing and waste end-of-fife vehicles furniture, matiresses.
1ERitesY
. ¥
— Step 4: Managing and evaluating the data |

v
il Step 5: Preparing the inventory report |

Step 1 ~ Planning of the Inventory

1. National inventory team:

+ Multi-siakeholder inventory team with necessary competences and
access to relevant inventory informalion for the different sectors.

« This team would comprise government ministries (chemicals and
waste management), customs, private sectors, NGOs, research
(working on POPs and resource/waste management and possibly
material flows).

2. ldentification of key stakeholders

= For the different seclors key siakeholders need te be contacted to
get access to the necessary information in the different sectors,

» Depending on the needs and availability, stakeholders could
become invenlory leam members or just support with
datafinformation.
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POP-PBDE inventory polymers in vehicles

The inventory considers relevant life cycle stages for data
compilation of POP-PBDEs in polymers of the transport sector

PARTY/!|
Country

20

SC Guidance formula used for
calculating POP-PBDES in vehicles

The following basic formula from the POP-PBDE inventory Guidance is
used to calculate the POP-PBDESs content of vehicles for the different
categories {carsftrucks or busses} in the live cycle stages:

Amount of POP-PBDESyepicie category =
mport Endofusevehicle Export Number of vehicles yegery (Manufactured 1975 to 2004) x
: icles B ik e il e wehicl
(se\;‘;‘:;!;;s) . Yje::/cslf:;z Eng:&u;?‘v;gl‘%es (Se:ﬁo:?z,,s) amount POP'PBDEScategory X Fregional
(Section5.3.5) Where:
Treatment » Number of vehicles ,iqor, 1S the number of vehicles (manufactured
1975-2004) present in a category {(car, bus or truck) calculated for the
/ differentlife cycle stages.
mport PlastPUR Lol Thermal ?Ar_npunt POP-PBDES iog0ry IS the amount of POP-PBDEsina
polymars- ‘_‘;:{emﬁ:;"‘ (Section5.3.8)| LTe2ment Export individual car, truck or bus treated with POP-PBDEs
‘S’E":’;;fg‘g"fo, (Section5.3.10) P‘zm;;’“' » Froqiona The regional factor of percentage of POP-PBDE impacted
sectiond 3.4.4) Socton5.3.10 vehicles produced in a region {1975s to 2004)
M 21 . ™
SC Guidance formula used for Step 3 —~ Collecting and compiling data from sectors

calculating POP-PBDEs in vehicles
Only cars produced between 1975 and 2004 are considered.
The regional factors are based on a small set of data:
Forthe US the total use of ¢-PBDE in PUR foam is published and the levels
in treated flame retarded PUR foam is known. Based on this the impact factor
of these cars was estimated to 0.5 (1 out of 2 cars treated with PentaBDE).
For Europe measurements of Automotive Shredder Residues exist (time
around 2000). Based on this the impact factor were calculated: that approx. 1
of 20 cars where treated with c-PentaBDE (regional factor of 0.05).
itis known that Europe and Japan phased out c-PentaBDE in the 1990s.
Therefore for both regions the impact factor of 0.05 is considered.
For other regions no data of PBDE use existed. The same low/moderate
emission factor (0.05) as for Europe/Japan are suggested by the guidance.

More data are needed for vehicles. Best would be moniterings of large
sets of Eol. vehicles with XRF and then confirmation analysis (with
information on producer, year and production origin) for befter factors.

CONTAMINATED SITES

FURNITURE, MATTRESSES,
TEXTILES, RUBBER
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PBEDE inventory in other (former) uses

Other use sectors of POP-PBDEs (furniture, mattresses, textiles,
construciion materials, rubber, and drilling operation) are thought
to be of minor relevance for most countries due {o:

* Relative low overall use volumes of POP-PBDESs in most of
these other application {except furniture for which a large
share of c-PentaBDEs was used in PUR foam);

¢ Lack of flammability standards in mos! countries for these use
areas {only a few countries had flammability standards e.g. for
furniture in US and UK);

* Limited export of such flame retarded second hand atticles
from countries with flammability standards and related stocks
{e.g. export of furniture from US or UK).

PBDE inventory in other (former) uses *

* Furniture/mattresses: Countries with certain flammability
standards or imports from these countries.

 Textile: Limited volume of c-PentaBDE has been used in
textiles. Considering that Hexabromocyclododecane (HBCD)
isfwas used in textiles the sector will become relevant.

* Construction (rigid PUR foam): Minor use of c-PentaBDE.
For the inventory construction companies could be
interviewed on former use of POP-PBDESs in rigid PUR foam.
(Considering that the main use of HBCDD is in insulation
(XPS and EPS) the sector will become more POPs relevant.

v'Guidance: If countries consider establishing an inventory
for some of these uses it is advised to seek data on % of
impacted materials in the region or apply Br-screening.

Therefore for these former (regional) PBDE uses
monitoring/analysis is needed for a useful estimate.
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Life cycle of POP-PBDEs & reservoirs/hot spots'

| Emission Sources | }Environment Exposure
Thermal {e.g. =Y ? tes-—~
bad icinerat | T Iergenerational |

metal industry,

o

PBDE Production o
gites

Food ingestion

o

-

PBDE Use /
{e.g. plastic tndoor
EEE, PUF, . (dust, air}
textiles) Sheiffish| Yy
|

Poteptislly POP-PEDE Conlaminaled Sites

Transportation m
2 J\%:d

industrist Peliution

Pofentislly POP-PBDE-Contaminaied Sites

End-of- | Reoycling area of WEEE Recycling areas and
life landfills with deposited
treatment wastes and ashes

Treatment site and
deposited wastesfashes

Metal industries and shredders
treating POP-PBDE- containing
matenals

Deposition of POP-PBDE-
containing waste

Landfill and surrounding
from leachate from
POP-PBDE- containing

wastes
Non BAT-incineration of POP- Deposits of ash from
PROE containinh waste incineration

Discharge of POP-PBDES via
wastewater

Application sites of sludges
containing POP-PBDEs

Sewage sludge with
particular impact

Agriculture land

Thank you for your attention ! ®
More Information

Basel Convention: www.baselint 4,
Rotterdam Convention: www.pic.int  &&amns
Stockholm Convention: hitp:/lchm.pops.int/
Montreal ProtocoliVienna Convention: hitp:ifozone.unep.o
SBAICM: hitp//fwww.saicm.org/
POPs phase out & alternatives hitp:ipoppubbercend |
OECDIIOMC: http:/iwww.oecd.org/chemicalsafety! S%m
Science: www.ipcp.ch; http:/igreensciencepolicy.org/
NGO: www.ban.org; www.ipen.org; www.ihpa.info; www.chemsec.org
Better-world-links: hitp:/fwww.betterworldlinks.org/

ENBEOn .
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Step 4 — Managing and evaluating the data

Evaluation and improvement of the data

- Gaps and limitations of the inventory and measures needed
to complete the inventory (possibly go to step 2 or 3)

- Evaluation if the obligations under the SC are fulfilled

- Evaluation of the need of notification exemptions for
recycling/reuse under the Convention.

» The inventory data and the evaluation will be the basis for the
development of an Action Plan for POP- PBDE containing
materials and updaling the NIP.

¢ Gaps, limitations and necessary actions will be valuable
information in the NIP, and can be used for applying for funding

30

Step 5 — Preparing an inventory report

The essential elements of the report:
» Objectives and scope
+ Description of data methodology and data gathering

= Final results of the inventory in each sector considered a
priority for that country {using a format to be provided in the
guidelines, as such or adapted from that format)

» Results of the gap-analysis and limitations identified

¢ Further actions to complete inventory and recommendations.







South-North Cooperation of monitoring POP- ¥
PBDESs in E-waste plastic in Nigeria

» & samples out of the 159 Television samples analysed had ¢-OctaBDE and
related POP-PBDES with concentration ranging from 0.1% to 29.00% with
an sverage concentration for sll 158 TV samples of 0,69% ¢-OctaRDE.

« 3 samples out of the 224 computer CRT sample screenedfor BFRs had ¢
CetaBDE with concentration ranging from 0.87% to 5.09% with an average
concentration recaloulated to lotal polymers of the 224 computer CRTs
was 0.05% (See Tabie 1}

TV and PC CRTs where OctaBDE have been detected

SAMPLE | Conc.of ¢ Country Hrand Year of
Type CetaBDE {production) manufaciure
. )
TVCR 29,00 UK ITT Consumer Color TV 1986
41 Germany Saba Color TV 1986
10 China Anitech Color TV 1989
66 Germany Saba Color TV 1983
393 Germany Saba Color TV 1988
209 .. Copipay 2643
WY 0.98 M 2008
3 ( iy ‘R 087 Combng 2003

POP-PBDEs and BFR inventory Nigeria (TV-CRTs)

+ Based on WEEE/EEE inventory of Nigeria and using the methodology of
the Stockholm Convention POP-PBDE Inventory Guidance we were able
tocalculate the total BFR content present in Nigerian CRT stockpiles.

™V
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Podymar in revse of Sl EERWEEE
L3 a0 4 12004 - 2000

NEORES

Pulymet i
EoEMELE Cars sn -
$ bt {2000 rammeer.mucaﬁmii
201?] entaring SoliBeL (20002010}
oo
Pobpmerinuomaly

HTSUAWELE Catd
20 42000 - 10301

{2000 - 2010)

Potymes in WEEE Col3
And & entesing it
g L G

entpring recyeling stream

Polgmibe in WEEE Catd and 4

U LenetiaiDuen

W!th mpac’t factors from POP-PBDE guidance . ... ... .

HexaHepUBOUE in reuse of Bf
EEEAWEEE Car, 3 and A (2000 - 2090}

i

HexaMepTaBOE wi 8
e o 7 S MEGBLE R EREWEEY L) ! 3
1 + 2046 eSS pLREE g —
mpost : 10 B9 4 anlarhip EolliBo. (00020105 %% %
. 5™
e T B 3
EH
g
iy g
xS BDE i WEEE yx 8
L iiz
NG 77
5

Tmported used
plastics for
recycling

ay

Inventory team - working group organisation

Inventory team POP-PBDE in polymers of transport sector

¢ Polymers in vehicles is a component of an inventory of transport sector
* Multi-stakeholder inventory tearm with necessary competernces and

access to relevant inventory information.

« Task team leader POP-PRDE in polymers transport (fnventory trarsport sector}

= Ministry of transport or other ministry responstble for transport sector;

« Ministry responsible for wasle management;

= Association of importers and exporters of cars and other vehicles,

» Retailers of vehicles {in particalar, second -hand vehicles);

« Assaciation andfor main stakeholders of scrap recycling

= Association and/or main stakeholders of polymer recycling;

« Unfversity groups working on material flows or transport issues;

* NGOs working on transport; NGOs working on POPs;

» Other refevant stakeholders in the country .

a2

EEE and WEEE Preliminary inventory —
Cathode Ray Tube (CRT)

« ¢-OctaBDE in CRT devices can be calculated:

Mpaoeg = No CRTsfeapita (Region) X population x
Mpape/CRT

« CRTs/capita (Region) is compiled in the guidance

« CRT monitors (TVs and PC monitors) are expected to
contain more than 50% of the total POP-PBDE present in
EEE, these data give an estimate of the major portion of
POP-PBDESs in the EEE/WEEE sector in the country,
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EEE and WEEE Preliminary inventory ~

Cathode Ray Tube (CRT)
* Mpgpeg = No CRTs/capita (Region) x population X Megpe/CRT

« CRTs/capita (Region) is compiled in the guidance

Table 4-1: Total and per capita amounts of CRT(TVs and personal computer (PC) monitors)
in different regions and countries. The average weight of a CRT device used in this table is
25kg

Total welght | Tetmember | Ropudation R wealght/anrtan | Hadl (s fomon | Sowie
Leraeon wits) {redeon) ity fsapdia}
Country/Regien | [10* tonnes) fegfexphia)
45180 wrervge 28214 (111 Yook £y orr Sregory, K0P
frcluding Austrataua)
HOvth benaric yn 14'623 £ 319 it LRt Beerory J00P
wrrate
W eare s'1e9 707 872 9.1 53 Geegory, 7009
bomn e o7 o7 20 208 | Boutl Gomention, 7011
W dwoire 0 3t 708 ars 015
Ghang, 2010 12 S8 202 a5 o9 Green advocery &
¥wos, 2011
e, 2070 70 ED [ ) o1 | B gman el
2011
Cotembin, 20677008 ) 137 s 745 03 L18n, 2010
Swattand, 2008 s 5 7 705 ) o 2001

Challence. The CRT weiaht/ -
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Opportunities in Devejoping Parties
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introduction to draft “Guidance on Sampling,
Screening and Analysis of Persistent Organic

Pollutants in Products and Articles”

Relevant {o the substances listed inAnnexes A Band C
to the Stockholm Convention on Persistent Organic Pollutants

in 2009 and 2011

¢ Roland Weber
POPs Environmental Consulting, Germany
roland weber10@web.de

Guidance provided by the monitoring document’

The document provides guidance on monitoring {(sampling, screening
and analysis) of the POPs content in articles and products in use and in
the recycling streams for those POPs listed in 2009 and 2011.

Guidance is provided:

* Onarticles and products possibly confaining the POPs listed in
2009 and 2011:

To develop strategies for monitoring of POPs in aricles/products
and recycling streams;

On inventory development aspects such as determining
emissionfimpact factors;

Might be used for import control and possible monitoring at
cusfoms or at consumer protection level;

Possibly useful for the assessment of human exposure through
articles in use and through recycled malerials.

®

Guidance on screening of newly listed
POPs in products and articles {Draft)

Step by step approach for monitoring PBDE )
in articles and products

The monitoring guidance has a step by step approach to
monitor POPs in articles and products and these steps are

1.3 Types of articles and products:

* Major articles, products and other material, which may
contain POPs listed in 2009 and 2011 {(Annex 1).

= Alist of potentially POP-PBDE containing articles and
materials are listed in Annex 1-B,

+ If a study on the presence of POP-PBDE containing
materials is planned this list can be assessed for possible
relevant samples for the country.

* Process of updating for listed 2013 chemical (HBCD).
¢ Future update for listed 2015 chemicals (PCP/PCA; PCN)

elaborated for the major POPs groups.

24 STER DY STED APPIOA Nttt s et cas s e a0, 1A
2.4.1 Step 1 Survey of products and articles containlng POPs listed in 2009 and 2011 ... 16§
2482 S1eP 20 SamPIR LOHBLUIS Lo iivis oo cne cotessieereeescras secsereseen s cevermnae sreseresennes
243 Hepd: C:ptjona( {further) sereening in the 1aboratory . e i o 171
2.4.4 Mep 4:Quanliﬁfalio|\.., e 47

245 Step A Documentation and reporting....

Step by step approach for monitoring PBDE
in articles and products

Step 1: Survey of products and articies possibly containing
POP-PBDES

* Before collecting samples, a survey would be conducled to
preliminarily determine targe! presence of consumer products in
use and in re-use that might contain POP-PBDE.

Also material flows known fo possibly contain POP-PBDE and
further used in recycling {e.g. plastic from WEEE recycling or
polyurethane (PUR) foam from different end-of-life products)
would be largeted considering the need to register for exemplions
for POP-PBDE in recycling.

Stakeholders for the different use groups might be contacted for
support and input and possibly for providing samples. Relevant
stakeholders to be contacted for the different use categories are
listed in Annex 1-B.

*

3

Annex 1-Blists .

Antx 1B POPPEDEs i artichs sud prodiuets L L L
POPPROLS &3 and 0 chemics] procucss

i inrport avd on the local market .,

Second hong £88

impart of Waste Flacariand snd Bleciconic Bquipment {3

WEEE plasta foc ey aling .

sed carg, buses, and ot tes {prady

@ st e ases contdinang PURAszm Ipradunsd nator

e gth elicny. .
Textites atief rubbies .
Arneies produced from eemveled plas

PUR foarn for rozyeling o i e

¢ PUR fam

Aeticies produced fromm ey

PADE m broyolids, seveage sludgs and induserit studiges.

Guidance on screening of newly listed
POPs in products and articles {Draft) -



mailto:roland.weberl0@web.de

Step by step approach for monitoring PBDE ’
in articles and products

Step 2: Sample collection

* Sampling campaigns might be conducted by research institutions
possibly in collaboration with the ministry or other competent
authorities or directly with the industry or waste management facilities

* Samples can also be collected e.g. by the customs at the impori or by
competent authorities such as factory control or consumer protection
authorities and related institutions.

« For the major POP-PBDE contaminated material flow "WEEE plastic”
a detailed sampling methodology and a sampling protocol has been
developed and is described in detail in Wager et al. (2010) in Annex 1
and Annex 2. This sampling strategy and protocol can be applied (in a
modified way) in other countries and regions having shredder plants
for processing of WEEE.

* An approach of sampling of single EEE for screening of POP-PBDE in
e.g. Cathode Ray Tube casings of TV and PC is shorily described in
Annex 4.

Step by step approach for monitoring PBDE °
in articles and products

Step 3: Screening in the field or laboratory

= Sample articles can be screened for the presence of bromine in the
field or in laboratory with more sensiltive instrument. 3o the field
monitoring screening approach can already be used for sampling.

* Rapid screening methods such as pyrolysis-GCMMS can be used fora
quick verifying the presence of PBDEs (and other BFRs types).

« Care has to be taken that by such methods without clean-up possibly
present DecaBDE is not debrominated to POP-PBDEs, which would
lead to false positive resulls.

* When screening methods are applied it has o be ensured that the
detection limit of the screening method is more sensitive than (below)
the fimit required for the screening (e.g. required from a certain
legislation timit).

Guidance on screening of newly listed
POPs in products and articles {Draft}

Step 3: Screening in the field or laboratory:

* The guidance gives an introduction fo screening approaches. This
includes screening technologies for bromine or fluorine.

« Such screening enables relatively cheap and simple pre-selection
of some arlicle groups with regards to their possible POPs conlent
(e.g. PUR foams for bromine as indication of POP-PBDE content,
or carpets for fluorine as indication for PFOS).

* Screening helps fo minimise the time and expenses (by pre-
selection of samples) for confirmation analysis, which requires
extraction and appropriate clean-up steps.

" . . - 10
Screening methods for bromine as indicator
Step 3: Screening in the field or laboratory

Arange of technologies are currently applied as screening tools for
bromine in WEEE plastic in some recycling plants (see also PBDE
BAT/BEFR Guidelines), These technologies can also be used for
screening bromine in other materials like PUR foams, textile or rubber.

4.3 Soreening methods for bromine es indication for ROP-PEDES/BFRS

4.3.1 Koray uotescencs (KREFEIBIE 400000 i i e

4,3.2 Sliding spark spectrostopy fatle £ 1)

£33 Newron aofaten sRES LT

4.3.4 Kooy vaosmisson wihindiope 38T L0 et i,

43,5 Screening of Bromine by tonibuica-on chromatograghy .

Screening methods for bromine as indicator

Step 3: Screening in the field or laboratory — XRF screening

s The X-ray flucrescence (XRF) technology can be used for detection of
bromine in polymers or other materials (detection limit 10-100 ppm).

* XRF analysis is limited (o the detection of bromine/elements in the
material, without any capacity 1o identify the type of BFR compound.

* Using handheld instruments the time requirement for a measurement
is tess then a minule, Precision of XRF screening measurements is
limited and thus relative standard deviations of up to 30% may be
obtained. Only critical when measuring levels close to the threshold.

* If a sample is heterogeneous {e.g. WEEE with different plastic parts)
then the different paris need 10 be screened,

* XRF is a non-destruclive method and can, therefore, be used to
screen articles in stores or currenfly in use without damaging them,

* The use of XRF instrument requires a specific instruction for the
operator of handling such materials according to national guidelines.

Step by step approach for monitoring PBDE™
in articles and products

Step 4: Quantification

» Different analylical methods can be applied for the instrumental
quantification of PBDEs and have been reviewed. One acoredifed
method used for commercial analysis is described in Annex 2-A.

¢ Further methods are described in the listed case studies.
* The extraction and clean-up of selected samples are described.
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Guidance on screening of newly listed
POPs in products and articles (Draft) —
Approach of case studies

Case studies listed/linked on PFOS and related substances in
articles/products.

bAonitonng of PADES in W
Determanyhan of POPs-PADE and BERs m WEEE plastics in Nigena (Sodiku gt al 201 and
2002}
fManitoring of BFRs fn polyrmers of electronics on Swiss market (Bantelmenn ey 31 2016} . 88

wonkoring POR-FBDES in corpat rebond from recycled PUR o (DiGangi et ol 202010 88
FManitoring of POP-PBRES and otber fame retardants in baby products Btaplelon et al,
W8

Manitoring 6f POP-PBOE in Chiltreén 1095 i et et SO

Thank you for your attention -
Questions ?

Sy b

WENTION
PROTECTING

http://'www.pops.int

ssc@pops.int

0

- 3 e = - k4
Need of further improvements of the draft Guidance on screening of newly listed
guidance document POPs in products and articles {(Draft)
1.3 Screening approaches for newly listed POPs:
* The guidance document is a draft version. Suggestions * The guidance has compiled approaches for sceening of
for additions and modifications can be made. newly listed POPs in articles - PFOS
What issues are missing and need improvement? .
R R . . 3.3 Screening methods for fuorine/organoiuonne CheiniCaliwo v o ce s wn 21
+ Inclusion and update in respect to related international )
P . - 330 TSUTHO e e 21
and national standards {e.g. China has a analytical £33 Scrcening it the -drop ¢ p
N . *.3, Feening with the "drop test” s &2
standard for PFOS in textiles). £ Sazening - toe
. R 3.3.3 Sarenung of Fluorine with WO-XRE-Analysis ... oL 23
* Inclusion of HexabromOCyClOdOdec?ne (HBCD} (draft 15 3.5.4 Fluorine screening with *°F NMP spectroscopy {Trier 2011, Eilis et al. 2000} o 24
de\"ebped and Cu{ren“y assessed in the iaboratory) 2.3.5 Soreening of Fluorine, Sliding ¢park apectroscopy [Welz ¢t al. 2011} 24
¢ Inclusion of new listed POPs (PCNs, PCP/PCA)- 3.3.6 Screening of Fluorine PAT-GC-EPED (Wolt 2t al, 2011} ... 4
237 saesring of PROS and related substances’ HS-GG-ELMS oy HS.GLCLI
3.3.8 Yereenmsg of PFOS and related substances in articles wath DART-TOF K5 .
3.3.9 Sureening of PFOS and PFCs in articles with 3ccurate mass by HRMS . ..
fac 23

Guidance on screening of newly listed
POPs in products and articles {Draft)

1.3 Screening approaches for newly listed POPs:

¢ The guidance has compiled approaches for sceening of
newly listed POPs in articles - PBDE

2.3 Sireenmy methios fd oGRS NG SRR fof PORPERES R

4.3.1 %eray (earestents PRFTIRLIE G i i e o

432 siding sfack spedinmtipy lle £ 00 D0 o ey 0 L L B
4313 NeoWanACIAlion anabels . Lol L iis .35
434 eray s Techndlopy XY -1
43.5 sweenig i Biomingby Bostionaon g FHrBBhY . . s s e s 37

Japan technology

Guidance on screening of newly listed
POPs in products and articles {Draft)

Look throught table of content of guidance
and explain detail on content there.
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What are the analytical future challenges®?
How many potential POPs in use?

574 Potential POPs

193 Chemicals "very POP” group

% - indinaled
¥ several haiogens
. no halcgans

M. Scheringer et al., (2012}, Atmos. Pollut. Res. 3 DOI: 10.5094/APR.2012.044

Guidance on screening of newly listed =
POPs in products and articles (Draft) -
Approach of case studies

Case studies listed/linked on POP-PBDE in articles/products.

ANNEX 3 Case studies 82

Case studies of PRDE streening in products, rtictes and wastes. o e s i ORI a8
FAenitoring of PBDES i WEEE plastic in €U [Wager et al. 2010} e 86
Datermination of POPs-PEDE and BFRs (n WEEE plastics in Migeria (Sindiku et 2, 2081 and
2012} 86
ronitoring of BFRs in potymers of elactronics on dwiss market {Bainelmann el 2l 2010) . 88

rManitoring POP-PSDES in carpet rehond from recycied PUR foan (DiGangi 2t al. 2011).... 89
ronitoring of POP-PRDEs and other flame tetardants in baby progucts {Stapleton et al
2011} 90

Monitoring of POP-PBDE in children TOVS... o il mm i e e cevreiies e 2]

Guidance on screening of newly listed #
POPs in products and articles (Draft) —
Approach of case studies

Case studies listed/linked on PeCBz, HCB and PCDD/PCDF in
articles/products.

ANNEX 3 Case studies 82
Case studies of PeC 8z, HUB and PCOD/PLOF v artictes and proBUeTs .o e e 92
Screening of unintentionslly POPs in Jiforantl {Uu ot a1 20520 @2
Montoring of HCB in {Government of Iapan 2006 and 2007 } oo coirnnion o 92

Ronritaring of pesticides for unintentionally POPs {Huang et al. 2012, Holt et al. 2010} ... 92
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Case studies on PBDE and HBCD monitoring
in articles, products and waste

Dr. Roland Weber
PUPs Environmental Consulting, Germany
roland weberi0@web.de

Challenge to (useful) monitor PBDE in atticles

= Most countries have challenges to monitor new listed industrial POPs
(PBDE, HBCD, PFOS) due to the lack of analytical capacity.

¢ Also the monitoring of new POPs in products included in plastic or
other polymers has challenges in sampling, extraction and clean-up.

* If monitoring studies are conducted now in the frame of Stockholm
Convention also in developing countries, there is a risk that similar
monitoring studies are conducted in several countries adding no new
information and wasting timefresources hardly available.

* Therefore good assessments and planning including the detailed
assessment of the research already done should be conducted before
a new monitoring study s conducted including literature studies. Also
aplions on possible regional approaches or research cooperations
should be considered .and oplions assessed.

Case study approach of Guidance on screening
of newly listed POPs in products and articles

The menitoring guidance has an Annex where case studies for
monitoring of POPs in articles and products whete compiled and
shortly described to avoid repetition and learn from former studies:

“Types of arlicles and producis:

* Where available, best practice case studhes for key articles/products
possibly containing POPs listed in 2009 and 2011 are referenced in
the respective chapters and described in Annex 3. If possible, case
stuchies or publications were selected with reports avallable in the
public domain and the access information provided.

* By inclusion of case studies, the guidance endeavours lo provide
information on afready performed studies, and the approaches used.”

Case study appreach of Guidance on screening
of newly listed POPs in products and articles

Approach of case studies having screened new listed POPs in
articles/products.

* These case studies can be assessed with the view of selecting
the most appropriate approaches and methodologies (sampling
and analysis) ~ and to add to this (not to repeat!).

* New case studies can be added to the guidance and linked.
Best if they are described as a case study in the internet (as
publication or in a report available in internet),

* Some of the case studies reveal that many former applications
of PFOS and PBDE are not relevant anymore e.g. in recent
surveys PFOS and related substances in Europe were no more
detected in coated paper {but other PFCs).

Case studies shortly described in the Guidance

Case studies listedflinked on POP-PBDE in articles/products.

.
ANNEX 3 Case studies 8z

Case studien of PEDE sergemng i produc1s, atiches and washétie . o e o o 88

Mool of #8088 & WEEE plastic in BU gt etal 20101 i BE

Determitation of POPS-PRDE 1w BFRs m WEEE plasuds in ligerex {Sundd #1 81 2011 ol

pomioning of BERs in polymers of eledironas on Swns oun ket Bandelnann ¢t ol 20101 88
L5
Rionitoring of POP-PAOEs snd other Hame retardants it Baby products [Stapleton ot al,
2011 9%

Montaring of POPPBIE In dNIEIER 10V L. L L ot s s i+ e o e i o OO

g FOP-PADES iy (aenet rebond from recycied PUR foam (DIGangt ¢t ol 20411, 89

Case study: PBDEs/RoHS substances in
WEEE plastic (EU)

Specific features of Swiss EMPA’s case study on PBDE and other RoHS
relevant substance screening in WEEE plastics in EU are!

« Inthe study a sampling methodology and a sampling protocol has
been developed and is described in detail of Annex 1 and Annex 2 of
EMPA study. This sampling strategy and protocol can be applied {in a
modified way} in other countries and regions having shredder plants
for processing of WEEE.

« The study gives a broad overview on the current POP-PBDE content
of the polymer fractions of WEEE calegories in Europe {which
originated/s jargety from imports from Asia as in other regions).

« It further gives an overview on other critical RoHS relevant poliutants
in plastic which might be relevant today for other regions too.

» The developed PBDE impact factors from this study are used for the
Stockholm Convention PBDE inventory guidance.
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Case Study: Assessing PBLDEs and BFRs In
carpet rebond (different countries)

Specific features of the IPEN case study on PBDE and screening of
carpet rebond:

= The study sampled in different world regions covering industrial and
developing countries. Only some samples from Morth America
contained high PBDE levels from recycling of PRDE treated foams.

* The study addresses a product category
manufactured from recycling materials possibly
impacted by POP-PBDE-centaining materials

* Results were published including the company,
names with high/low impacted products that
consumers could agsess company policy and
possibly ask a company when purchasing
simitar products.

DiGGangl J, Strakova J, Walson A (2011) A Survey of PBDES in Recycled Carpet Padding.
Organohalogen Compaunds 73, 2067-2070. www.dioxin20xx.org/pdfs/2011/4511 pdf
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packaging and food contact materials (Korea)
Monitoring of HBCD in EPS/XPS packaging & food contact materials

* Raniet al. (2014)183 determined the concentration of HBCD in 34
polystyrene products including EPS and XPS in an Asian country.

* They used high pressure liquid chromatography-tandem mass
spectrometty (HPLC-MS) for determining HBCD.

* Insome food related EPS articles relatively high concentration of
HBCD was detected including an ice box (860,000 ng/g) and
disposable tray (8430 ng/g) used in fish market. HBCD was also
detected in buoy used in aquaculture (53500 ng/g),

* Owerall the study showed that HBCD isfhas been used to some extent
in PS packaging including food packaging and that PS including
HBCD is recycled to some extent including packing and other
products.

Rani et al. (2014} K d potysty based 1 an
of uweguiated use. Chemosphere 116, #1- 1i9

Case Study: Assessing HBCD in EPS/IXPS

foam in buoy in aqua farms (Korea)
Monitoring of HBCD in Buoy in aquafarms and related oysters

* A Korean group detected elevated levels of HBCD in all tested buoy
samples used in aquaculture larms {28-243 pgfg; median 81 ug/g).
The HBCD contents showed a large variation, even within one buoy.

* To obtain preliminary information about the impact of EPS buoys
on farmed oysters, the concentration levels and profiles of HBCD
isomers were measured in oyster samples collected from
aquaculture farms (AF) and natural coasts. Two times higher levels
of HBCDs was detected in the farmed oyster compared to the wild
oyster from different countries {note: different to PCB & Dioxin in fish).

* Sediment in AF had higher HBCD levels compared to other sediments

* The study concluded that HRCDs in agquaculture buoy demonstrate an
exposure path of technical EPS to food and the lack of proper control
for the use of HBCDs in manufacturing polystyrene products.

Hong SH, Jang M, Rani M, Han GM, Song 'YK, Shim WY, (2013), Expanded polystyrene (EPS) bup
asa possxb!e saurce of hembromecyciododecanes (HBCDs) in the marine erwvironment.
a g 3210l

Case Study: Monitoring of POP-PBDE in
waste streams (the Netherlands)

* Astudy invesligated how waste materials possibly containing PBDEs
are sorted, disposed of, recycled, andfor exported in the Netherlands.

* The relevant information was collected from interviews with key
actors in the waste sector and from reports and scientific literature,

¢ For both End-of-Life vehicles {ELVs) and waste electrical and
electronic equipment (WEEE) there are national organizations
coordinating the collection and processing.

* These waste flows are relatively well documented. Many companies
are involved in collection and the first processing, while only a few
comparnies perform the separation of plastics containing POP-PRDE.

¢ Only part of these separated plastics can be traced to companies
producing recycted plastics which are ready to use in new products.
Inwhich new products these plastics are subsequently used is harder
to trace, as most of this production is not done in the Netherlands,

Leslie H.A, Leonards PEG, Brandsma SH Jorkers N (2013) POP STREAM POP.BDE waste
steeams in the : anatysis and § V. ifable at the Basel C: ion Website),

Case Study: Monitoring of POP-PBDE in
waste streams (the Netherlands)

* Sampling of materials for PBDE analysis was performed in waste
products, in shredded materials and in new products.

¢ The focus of waste sampling was on plastic waste products which
were likely to contain POP-PBDES, such as the automotive and
electronic waste stream materials (especially PUR & ABS).

s Samples were taken of new plastic products sold in Netherlands (toys
ard householdioffice items), and manufactured with recycled plastic.

* Acost-effective, fast 'direct probe’ screening method that has been
applied to quickly determine the presence of POP-PBDESs. The
method can be used to screen samples for POP-PBDESs.

® ingeneral, POP-PBDEs were found in very few single automotive
parts (when found, the car part was from the USA) or WEEE items.

* Seats of American cars were shown to be a POP-PBDE hot spot in
the ELV sector, with up to 25,000 pg/g in PUR foam of a Pontiac car
seat [mostly c-PentaBDE congeners).

Leslie HA, Leenards PEG, Brandsma SH Jonkers N (2013) POP STREAM POP-| BDE was:e
streans in the A analysis and toventory. (available at the Basel G

Case Study: Assessing PBDEs and FRs in
PUR foam baby products (United States)

PUR foam samples collected from 101 commonly used US baby
products were monitored for POP-PBUESs and other flame retardants
(Stapleton et al. 2011). From these products:

* Five samples contained POP-PBDE congeners commonly associated
with c-PentaBDE, suggesting that such products are still in-use in
sensitive use areas although production of c-PentaBDE is considered
{o have stopped in 2004,

80% of the PUR foam baby products contained an identiftable flame
retardant additive, and all but one of these was either chlorinated or
brominated compounds.

* The most commoen flame retardant detected was tris(1,3-
dichioroisopropyl) phosphate (TDOPP, detection frequency 36%),
followed by polybrominated aromatic compounds typically found in
the FiremasterS50 commercial mixture (detec%ion frequency 17%).

Stapieton et af (3011) ification of Flame Foam Collected from Baby|
Products. Env. Bck, Technel, 45. 5323-5331 g ifpubs acs. orgldolfabs/ 1D, 1021752007462
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Guidance on screening of newly listed
POPs in products and articles (Draft) —

Annex 1-B lists |
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Step by step approach for monitoring PBDE
in articles and products

Btep 1: Survey of products and articles possibly containing
POP-PBDES

* Before collecting samples, a survey can be conducted to
prefiminarily determine target presence of consumer products in
use and in re-use that might contain POR-PBDE.

* Also some material flows kriown to possibly contain POP-PBDE
and further used in resycling (e.g. plastic from WEEE recycling or
polyurethane {PUR) foam from different end-of-life products)
would be targeted considering the need to register for exemptions
for POP-PBDE in recycling.

* Stakeholders for the different use groups might be contacted for
support and input and possibly for providing samples. Refevant
stakeholders to be contacted for the different use categories are
listed in Annex 1-B.

Step by step approach for monitoring PBDE
in articles and products

Step 2: Sample collection
* Samples can then be coliected e.g. by the customs at the import or by
competent authorities such as factory control or consurmer protection
authonities and refated institutions.

Sampling campaigns might alse be conducted by research institutions
possibly in collaboration with the ministry or other competent
authorities or directly with the industry or waste management facilities.
Following criteria and information can be used by the stakeholders:

a) The article or the raterial is listed in Annex 1-B and contains
brominated flame retardants (e.g. the plastic of @ computer is labelled
as containing brominated flame retardants)

b) The article or the material is listed in Annex 1-B and bromine is
being detected by a screening method (see section 3.)

For the major POP-PBDE contaminated material flow WEEE plastic a
detalled sampling methodology and a sampling protoco! has been

®
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Step by step approach for monitoring PBDE
in articles and products

Step 3: Screening in the field or laboratory

* Sample articles can be screened for the presence of bromine also in
the laboratory where a more sensitive method might be available
compared to the mobile equipments used in the field,

* Rapid screening methods such as pyrolysis-GC/MS can be used for
verifying the presence of PBDESs (and other BFRs types).

+ Care has 1o be taken that by such methods without clean-up possibly
present DecaBDE is not debrominated to POP-PBDES, which would
lead to false pesitive results.

* When screening methods are applied it has to be ensured that the
detection limit of the screening method is more sensitive than (below)
the limit required for the screening {e ¢. required from a cerlain
legistation limit).

Screening methods for bromine as indicator

Step 3: Screening in the field or laboratory

The screening of bromine can be a simple, rapid and cost-effective
method for pre-selection steps of samples to determine which samples
to select for the more complex and expensive confirmation analysis,

Arange of technologies are currently applied as screening tools for
bromine in WEEE plastic in some recycling plants (see also PBDE
BAT/BEF Guidelines). These technologies can also be used for
screening bromine in other materials like PUR foams, textile or rubber.

4.3 Screening mathods for broming a5 ngiestion for POP-FROEL/BFAS .
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Screening methods for bromine as indicator
Step 3: Screening in the field or Iaboratory — XRF screening
* The X-ray fluorescence (XRF) technology can be used for detection
of bromine in polymers and other materials with a detection limit for
bromine of 10 to 100 ppm.
XRF analysis is limited to the detection of bramine in the material,
without any capacity to identify the type of BFR compound.
Using handheld instruments the time requirement for a measurement
is less then a minute. Precision of XRF screening measurements is
limited and thus relative standard deviations of up to 30% may be
obtained. However, this is only critical when measuring levels very
close to a given threshoid.
¢ Ifa sample is heterogeneous {e.g. WEEE with different plastic parts)
then the different parts need to be screensed.
XRF is a non-destructive method and can, therefore, be used to
screen articles in stores or currently in use without damaging them-
The use of XRF instrument requires a specific instruction for the
operator of handling such materials according to national guidelines,

®
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Step by step approach for monitoring PBDE
in articles and products

Step 4: Guantification

* Different analytical methods can be applied for the instrumental
quantification of PBDES and have been reviewed. One accredited
method used for commercial analysis is described in Annex 2-A.

= Further methods are described in the listed case studies,
» The extraction and clean-up of selected samples are described.

Step by step approach for monitoring PBDE
in articles and products

Step 4: Quantification.
The sample preparation need
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Step by step approach for monitoring PBDE
in articles and products

Step 4: Quantification.
The sarnple preparation need
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Guidance on screening of newly listed
POPs in products and articles (Draft)

1.3 Types of articles and products:

* The guidance gives an Intfroduction to screening approaches.
This includes screening technologies for bromine or fluorine.

* Such screening enables relatively cheap and simple pre-
selection of some article groups with regards to their
possible POPs content{e.g. PUR foams for bromine as
indication of POP-PBDE content, or carpets for fluorine as
indication for PFOS).

* Screening helps to minimise the time and expenses (by pre-
selection of samples] for confirmation analysis, which requires
extraction and appropriate clean-up steps.

Guidance on screening of newly listed
POPs in products and articles (Draft)

Screening helps to minimise the time and expenses (by
pre-selection of samples) for confirmation analysis, which
requires extraction and appropriate clean-up steps.

For final confirmation or quantification by instrumental
analysis basic information is provided, including
examples of instrumental setting.

Where available, the guidance links to case studies with
analytical procedures described in detail. Available
information is outlined in Annex 2.

Guidance on screening of newly listed
POPs in products and articles (Draft)

1.3 Screening approaches for newly listed POPs:

* The guidance has compiled approaches for sceening of
newly listed POPs in articles - PBDE
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Guidance on screening of newly listed
POPs in products and articles (Draft)

*Where possible, finks are made to existing internationat
standards for analysis of a particular POR.

*For a number of article matrices no international standards
are available for sampling, extraction & clean-up.

*E.g. a standard for measuring PBDEs in EEE {International
Standard [EC 62321) in respect to RoHS compliance is
under development and might become available in 2013,

« An international standard for extractable PFOS in articles
and its analysis has been developed (NPR-CEN/TS 156968}
but has not been validated yet.

¢ Furthermore, no {standard} analytical procedure is
available for many of the 180 listed PFOS related
substances including some non-extractable PFOS
precursors.

Guidance on screening of newly listed
POPs in products and articles {Draft}

The approach of this guidance is to:

*Refer to international standards where they are available
and sufficient for the analysis of respective articles and
mention their limitations for articles/products;

*Describe some standard methodologies used by
laboratories experienced in the analysis of POPs listed in
2009 and 2011 contained in certain articles and products;

*Describe case studies with links to reports where
monitoring or analytical procedures for a certain matrix are
described.

* For specific matrices, procedures and standards will
further be developed. They could be considered during the
finalization and updating of this draft guidance.

Guidance on screening of newly listed
POPs in products and articles (Draft)

Step by step approach of the guidance:
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Guidance on screening of newly listed
POPs in products and articles (Draft)

Look throught table of content of guidance
and explain detail on content there.

Need of further improvements of the draft
guidance document

* The guidance document is a draft version. Suggestions
for additions and modifications can be made.

What issues are missing and need improvement?

* Inclusion and update in respect to related international
and national standards (e.g. China has a analytical
standard for PFOS in textiles).

* Inclusion of Hexabromocyclododecane (HBGCD)
* Inclusion of other upcoming POPs (e.g. PCN)

What are the analytical future challenges?
How many potential POPs in use?

8§74 Potential POPs

193 Chemicals “very POP" group
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Guidance on screening of newly listed
POPs in products and articles (Draft) —
Approach of case studies

Case studies fistedflinked on PFOS and related substances in
articles/products.

AHNEX 3 Case studles

raonitoring of paper ackaging Tor Tood (Dermarkl
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Bonitoring project of PFOS/PFCS in consumer praducts in Nonwvay and Sweden.... ...

Case study Baking snd Muifin papers (Sehlommer 1 al. 20311 oo mecononnia -

Eadrommnent 2008} ...




Alternative Flame Retardants
to Brominated Compounds

Dr. Roland Weber

POPs Environmental Consulting ?o&&

roland. weberiOfweb.de ?1

Content of Presentation™
Substitution of PentaBDE and OctaBDE by BFRs

General concern on BFRs — Activities in EU on BFR9
within RoHS directive & general assessment

Key application areas FR and alternatives
DecaBDE/BFR and substitution approach in plastics
DecaBDE/MBCDD and alternatives in textiles
HBCDD and alternatives in foams

LCA approaches for FR alternative assessment
a) USEPA: TBBPA in Printed Circuit Boards —
b} EU Research: LCA of alternative FR ,,ENFIRO*,

» Recommendations/Conclusions ?%

Y v

YV V V ¥

Stockholm Convention POPs - From

Most current Stockholm Convention POPs are not produced
anymore and therefore do not have commercial relevance,

tonsfyear [Annual Consumption BFRs in Japan I

Some Major Uses of BFRs
"Dead” to "L.iVE" Chem i63|§ Polymer C°[',;:]e nt Current Substances F%rsﬁ;e(
Polystyrene foam 0.8-4 | Brominated polystyrene HBCDD
High impact - .
polystyrene 1115 | DecaBDE, DBDPE; HECDD | OctaBDRE
Epoxy resin 0-10 TBBPA; reactive TEBPA PentaBDE
Coters Polyamides 1316 | DecaBDE; OctaBDE
LITBBP.A epoxy oligemeripatymar
DecaBDE, propylene
@ Brominated potystyrens Polyolefins 5-8 s OotaBDE
STBEP-A polycarbonate viigoter 4 dibromo styrene
©Bis{tribromaphenoxyiothans {ETBPE Difz.
ITrmmmophenn:n;‘Btp; e ' Flex. Polyurethanes | 3-5 (T8PH); 2°ethythexy4 PenfaBDE
©Bisitetrabramophiailmidojethane (BTErA 2,34 5-telrabromobernzoate (TBE)
® Hoxabromocyglagodesans (HBrCD) Polyesters 8-11 Brominated polystyrene OctaBDE
CEFquiamedphnt sne CzI0 T
<Xostanromodiphenyl sther (Octall®)
LiDecabromodiphery! sther (DecaBDP} polyesters 13-28 | TBBPA PentaBDE
B Tetrshromoblsghenol A (TBAP-A) Polycarbonate 46 Brominated polystyrene
Styrene copolymers | 12-15 | Brominated polystyrene

Brominated Compounds in
Firemaster® 550
Substltutegté)r W@m flexible PolywetWoanx
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I I 7
BoS L\/ .
Di{2-ethylhexyl)- 2-ethythexyl-
tetrabromophthalate 2.3,4,5-tetrabromobenzoate
{TBPRH) (TBB)
PBDD/PBDF formation potential? : g!‘v

Firemaster 550 Component —
Analog to Known Toxicant DEHP
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DEHP: Di {2-ethyihexyl)
phthalate
+ Prop 65 cancer, reproductive,
developmental toxin
» Animal effects at environmental
levels
+ Bioaccumilates, persistent

Di (2-ethylhexyl)

tetrabromophthalate

- Wide use as flame
retardant

-« Almost ne stidies !
« {1 report— PubMed}
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Alternatives for Brominated Flame Retardants

Substitution can take place at three levels:

A. Flame Retardant Substitution: This approach invoives
identifying a drop-in chemical substitute for the BFR. It is the
simplest approach because it typically does not require changes to
the polymer material or to the design of the product,

B. Resin/Material Substitution: This approach involves
changing the resin system, while also changing the chemical used
as the flame retardant. This is a more complex approach than
simple flame retardant substitution because it has a greater effect
on overall product cost and performance.

C. Product Redesign: This approach involves changes to the
actual product design to minimize or eliminate the need for flame
retardant chemicals. Examples of product redesign include using
fire barrier material, as well as separating or reducing the source of|

Gpos
heat from the product. ‘Q’g‘w‘
A

1Requirements for Alternatives
of Candidate POPs

i .

Overall evaluation of alternatives for
substitution of BFR {in accordance Annex F)

» Equal or better flame retardancy for the product

» Equal or better performance and physical
properties for the product/part

> Less risk to environment and human health
» Cost {including environmental and health costs)
» Commercial availability and accessibility of the

alternative solution
P 3
L
R

DecaBDE - International Measures

» EU: DecaBDE has been restricted for electrical and
electronic equipment {Directive 2002/95/EC +
2008/717/EC) but not for other uses.

¥ DecaBDE to be phased out from all applications in US

by 2013.
hitp:fiwww.epa goviopptiexistingchemicat b lansk dbe.himt

» If relevant debromination to Iower PBDE will be further
demonstrated then DecaBDE will be SC relevant.

» Evidence for relevant PBDF formation during some
application {in plastic and textile Kajiwara et al 2008,
2010} and in end of life thermal treatments,

» Direct and indirect pressure to phase out DecaBDE.

DecaBDE Main Applications

¥ Due to it’s good performance it is used in a wide
range of plastics in particular applied in electronics.

» Major use in HIPS TV casings (US 80% of total use

. {Lowell 2005}, Other use Polyamids and Polyolefins.

» Textiles: Primary textile uses appear to be in the
mattress, drapery, commercial uphoistered furniture,
and transportation [automotive and airplane)
industries. Other niche applications of decaBDE In
textiles include tents, awnings, and related fabric
applications.

» Use pattern in China not known

QP 3
4] 5.
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DecaBDE Substitutes in Plastic Resin

Wide range of alternative plastic/flame retardant combination
available on the market and used in former key applications of
DecaBDE (e.g. Elecironic enclosures) by international producers.

Cost estimate range from 0.2 % 1o 2.5 % of final product price.

DecaBDE Substitutes in Plastic Resin

Phosphate Flame Retardants Used in Electronic Applications
Producer of Phosphor flame retardants claim that some
application of Phosphor flame retardants can even be cheaper
then brominated alternatives.
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Substitution DecaBDE
in Plastic Resin

DecaBDE Substitution Strategies for plastic
used in electronics

Sub,m e KPS resius nsing decabromoediphenviofne instead of
t; deraBDE
.

}
g

5

HIPS and PPO blend with phosphorus-hassd FR
Mavivial
Pu ABS blend wity phosphonus-based FR

Separation of luglvlow voliage

Product ) Green Design!
Reduce operting voliags

Source: Oko-institute 2003

Leading E-Companies about Eliminating DecaBDE

A large number of companies in the EE sector
specifically state that they have phased out Deca-
BDE in all of their products, among these, Dell,
Hewlett-Packard Company (including Compag]},
Sony, IBM, Ericsson, Apple, Matsushitfa (including
Panasonic), Infel and B&O.

Some of the main driving forces for these
commitments have been EU RoHS Directive, eco-
labels, customer requirements {e.g. “green.

procurement” initiatives).
ko

DecaBDE Substitution in Textiles:

Exposure-release Substitute Flame Retardant

For textiles a range of possible substitution approaches:

BFR Substitution in Textiles:
Flame Retardant Substitution

Commercially Available Textile Halogen-free Flame Retardants|

> Substltu_te flgme retardants (evaluation of substitutel) Fopw Bl oty P P P
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BFR Substitution in Textiles:
Flame Retardant Substitution

Commercsa! {y Available Textile Halogen-free Flame Retardants|
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BFR Substitution in Textiles:
Flame Retardant Substitution
CommercralIyAvailabie Textile Halogen-free Flame Retardantsz
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BFR Substitution in Textiles:
Flame Retardant Substitution
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BFR Substitution in Textiles/PUR:
Chlorinated Phosphorester

Flame Retardants in Baby Product Foam US

#of %)
Flarme Retardant in 101 samples Detects
PenlaBDE 4 3.8-8523
XTBBand TBPH (Firemaster 550/600} 17 643
Tris{1, 3-dichloro-2-propyliphosphate (TDCPR) 36 0.5-12.4
or Chiprinaled Tris
Tris {2-chioro-ethyl) phosphate (TCEP)/VE” 15 0.02-6
Tris(1-chioro-2-propyliphosphate (TCFP) 14 0.02-.4

Stapleton et al. Identification of Flame Retardants in Polyurethane Foam Collected
from Baby Products Environ. Sci. Technol., 2011, 45 (12}, pp 53235331

BFR Substitution in Textiles/PUR:
Chiorinated Phosphorester

TOCPP {Chlorinated Tris)

Tris {1,3-dichloroisopropyl) phosphate

Classifued as Carcinogen (State of California 10/2011)
http:ffoehha.ca.goviproptShazard_ident/pdf_2ip/TDCPPO7081 1. pdf

Detected in 36 Samples . o
Levels up to 12.4 percent or 124,000 ppm & C@‘?Hw _F“, ) Cf“ !
- Car Seat{11) SLHO 1-0~Ch
- Changing Table Pad(8) CiCH, o CH,CE
- Sleeping Wedge (6} i
Portable Mattress (3) /C!‘\i
- Baby Walker (2)
- High Chair (2) ?Hﬁ ?Nz
- Rocking Chair (1) [l o]

- Baby Carrier(1}
- Nursing Pillow (1)
- Infant Bath Sling (1)

Fyrob-FRZ
Trisdl, 3-gichiore-2 -prapyl] phosphale

Stapleton et al. [dentification of Flame Retardants in Polyurethane Foam Collected

from Baby Products Environ. Sci. Technol., 2011, 45 (12}, pp 5323-8331

BFR Substitution in Textiles/PUR:
Chilorinated Organophosphates

Found at lower [evels. may be impurities
in another chiorinated FR mixture:

Tris{2-chlorcethyl)phosphate {TCEP)
- Phased out in burope
« California Prap 65 list
*Detected in 14 Samples:

- Nursing Pillow (8)

- Infant Bath Sling (2)

- Baby Camier (1)

- Sleaping Wadge (1)

- Portable Crib {1}

Tris{i-chloro-2-propyliphosphate (TCPP}
+ Replaced e

ittle toxicity information

= DetecEg amples

s pe

Stapleton et al, identification of Flame Retardants in Polyurethane Foam Collected
from Baby Products Environ. Sc¢i. Technol., 2011, 45 (12}, pp 5323-5331

;A .~ Hexabromeyclododecane (HBCDD) - Evaluation Status

g g

&

» Stockholm Convention: HBCDD is in the POP
Reviewing Committee evaluation process and will
be proposed for listing to COP6.

> UNECE: HBCDD evaluated for listing in protocol

» Europe (REACH): HBCDD listed as substance of
very high concern for authorisation (10/2008).

» Japan: Classified HBCDD as a Type | Monitoring
Chemical Substance in the Law Concerning the
Evaluation of Chemical Substances and
Regulation of Their Manufacture,

OF
Fooig e
|2 A

Applications of HBCDD

» Primary use of HBCDD is as a flame retardant
additive in expanded polystyrene (EPS) and
extruded polystyrene (XPS) applications. EPS and
XPS are typically used for thermal insulation
foams for applications in the building and
construction industry and in products.

» High impact polystyrene (HIPS} applications
{electrical and electronic appliances, cables).

» Textile back-coating {upholstery furniture} in
order to meet the strict fire safety standards in
place e.g. in the United Kingdom and California.

» Global demand 2003: 21,800 metric tonnes (BSEF)

Q uyse China?




: HBCDD Alternatives for use in
“ 4" . EPS and XPS Polystyrene Insulation

sl
et i

A. Flame Retardant Substitutions

» There is limited data supporting non-brominated drop-in
flame retardant chemical substitutes for HBCDD used in
EPS and XPS applications. However, there are brominated
chemicals other than HBCDD commercially available as
flame retardant materials for EPS and XPS applications.

» However no data found for-health/environmental evaluatios

Manufaciares Model W Applicanons

Albeznagie Saytex BC- 48/ Contains temabrome- ] Expandable polvstivenc

crcloociane BPS)

Albernaic Saytex BCL-| | Contuos Expandable polvstyrene
462 dibromostnidibromoe- A EPS)
hovciohesane
Gurear Lakes BE-31 W Expacdable polvstrrene

Cheenical {EPSY
Source, Morose 2006

)‘l" #4

HBCDD Alternatives for use in
EPS and XPS Polystyrene insulation

B. Resin/Material Substitution

Polyurethane and Polyisocyanurate Products.

» Most rigid foam boardstock is characterized by a
high polyisocyanurate content and is usually
based on lower-cost polyester polyols. These
polyisocyanurate modified urethane foams are
used in a variety of construction applications, and
are commonly referred to as “polyiso” products.

T,

HBCD Alternatives for use in
EPS and XPS Polystyrene Insulation

B. Resin/Material Substitution
Polyurethane and Polyisocyanurate Products.
Key Health, Environmental and Performance Concems:

Foliowing flame retardant chemicals: tris monochioropropyl
phosphate (TMCPP), tris chloroethyl phosphate {TCEP) and
diol from tetrabromo phthalic anhydride.

» TCEP is categorized as carcinogen {e.g. listed in California)
> TMCPP is of low to moderate acute toxicity, Current

> TDCPP & metabolites are carcinogen.

HBCD Alternatives for use in
EPS and XPS Polystyrene Insulation

B. Resin/Material Substitution
Other Insulation Materials ~ inorganic materials

» Blankets {fiber baftts or rolis): Blanket insulation is
usually made of fiber glass or rock wool. Batts with special
fiame resistant facing are available where the insulation wil
be left exposed. Fiberglass is a synthetic vitreous fiber.

» Loosefill: Loose-fill insulation is typically blown into
place or spray-applied by special equipment. Materials used
for blown-in or spray-applied insulation include rock wool,
fiber glass, cellulose, or polyurethane foam. Loose-fill
cellulose insulation is commonly manufactured from
recycled newsprint, cardboard, or other forms of waste
paper, vermiculite or perlite (expanded naturally minerals).

assessment of neurotoxic properties.
O P
201 e
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HBCD Alternatives for use in
EPS and XPS Polystyrene Insulation

HBCD Alternatives for use in
EPS and XP8 Polystyrene Insulation

C. Resin/Material Substitution & Production Redesign

» When using alternative building insulation materials,
the necessary flame retardancy is often provided by
use of a thermal barrier.

» Thermal barriers are fire resistant coverings or
coatings that separate the insulation material from the
building interior. Thermal barriers can be used to
increase the fire retardant performance for various
types of insulation.

» Commonly used thermal barriers include: gypsum
board, gypsum or cement plasters, perlite board,
spray-applied cellulose, mineral fiber, or gypsum

coatings, and select plywoods. §r$

3. Resin/Material Substitution

Rey Health, Environmental and Performance Concerns:
= The fiber glass blanketibatl, loosefill fiber glass, perlite
and loose-fill rock woaol have a lower R-Value than XP§
boards and therefore may not be desirable for applications
where high R-Value is a critical property.

- When fibers are suspended in air they can cause irritation o
the eves, nose, throat, and parts of the lung. Animal studies
show that repeatedly breathing air containing synthetic
vifreous fibers can lead to inflammation and fibrosis of the
lung. (Agency for Toxics Substances and Disease Registry,
2004} EU: Accomplished Improvement of fibres in
respect to health concerns.

> Some fibres have melamine based binders (formaldehvde’












http:http://www.enfiro.eu

Information and further Research:
Contribution from Research Community

Study on DBDPE

» Risk assessment of recycling scenarios and end
of life treatments in industrial and developing
countries considering multiple pollutants.

# Global substance flow analysis of PBDE (other

critical BFRs and PBTS]} in products and recycling.

» PBDE (BFR) contaminated sites from production,
application and end of life treatment.

» External cost estimatesfcalculations of harm
caused by PBDE/BFRs to humans and biofa.

» Life Cycle Assessment of PBDE alternatives (other
flame retardanis and alternative technologies).

» Now higher production volume then DecaBDE.

» Only few debromination studies (key question for
the assessment of fate of DecaBDE).

» Analysis of Mono to NonaBDPE not available.

# What are other degradation products? (thermal,
photolysis, sediments).

» What is persistence and toxicity of degradation
products?

F ¥ =

Naad

Study on Chlorinated Paraffins

»> Short, medium & long chain chlorinated paraffins
> 1 million tons production {(mainly China & India).
> Substance flow and LCA of CCPs

» Env.fhuman fate of chlorinated paraffins.

» Degradation products of chlorinated paraffins
{hydroxy-, carboxy-metabolites?)

» What are UPGOPs in these materials?

5,




Workshop on Sound Management of PBDEs and Phasing-out
Opportunities in Developing Parties
27. November 2015, Colombo, Sri Lanka

Alternatives to PBDEs and
substitution approaches

Or. Roland Weber
POPs Environmental Consutting, Germany
roland.weber 10@web.de

Content of Presentation

Substitution of chemicals — definition and why?
Substitution of PentaBDE and OctaBDE by BFRs

General concern on BFRs — Activities in EU on BFRs

within RoHS direclive & general assessment
Key application areas FR and alternatives
DecaBDE and substitution approach in plastics
The Publication on POPs Phase out and best
practice studies.

integrating substitution and alternative assessment
in the update of the National Implementation Plan.

Substitution of chemicals: Definition

= There is no standard definition of substitution

= " the replacement or reduction of hazardous
substances in products and processes by less
hazardous or non-hazardous substances, or by
achieving an equivalent functionality via techriofogical or
organisiatonal measures.”- Lohse/Lissner (2003)

= “The Principle of Substitution states that hazardous
chemicals should be systematically substituted by less
hazardous alternatives or preferably alternatives for
which no hazards can be identified.” - Greenpeace

Substitution of chemicals: Definition

» Substitution is “..the replacement of one substance by
another with the aim of achieving a lower jevel of risk.” -
CEFIC

1. The employer shall ensure that the risk from a
hazardous chemical agent to the safety and health of
workers at work is eliminated or reduced to a minimum.
2. In applying paragraph 1, substitution shall by
preference be undertaken, whereby the employer shall
avoid the use of a hazardous chemical agent by
replacing it with a chemical agent or process which,
under its condition of use, is not hazardous or less
hazardous to workers' safefy and health, as the case
may be. — Directive 98/24/EC - risks related to chemical
agents at work

Some examples of substitution

Asbestos by bio-soluble mineral fibers
Nickel-cadmium batteries by lithium-ion batteries
* Dichloromethane as paint stripper by esters
High volatile cleaner by low volatile cleaners
Laboratory solvent hexane by heptane

¢ Lead-free soldering in the electronics industry

* Lead, chromium, mercury and nickel in the automotive
manufacturing

»

What triggers substitution?

* Legal requirements {occupational safety, environmental
protection, consumer protection)

* For more favorable safety measures - handling and storage
* For more environmentally sound disposal

* Requirements within the supply chain

* Green and innovative image as a competitive advantage



mailto:roland.weber10@web.de




Other Hrominated rHlame Ralarganis - 3
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¥ Approx. 75 BFR are on the market (Fisk et al 2003).
» BFR2010: Research community is analysing ~20 BFR

L] & B ¢ 4 B

Structuses of BFRs addressed by Gauthler (Gauthier, Potter ef al, ES&T 2000

4

How many potential POPs in use?
Assessment of approximately 100,000 chemicals in chemical
database according POP criteria from REACH,

574 Potential POPs

¥ Chlorinated, brominated
and fluorinated persistent
toxic substances need to be
systematically assessed.

L 1.2%

4 iodingted - fuorinated
§i- several halngens . g ‘chionnaled
¢ no halogens 5 bromineted

Pressure on Br Flame Retardants: =
Current Discussion in EU & elsewhere

* Concermn about halogenated flame retardants.

*  Avreport for the Eurcpean Commission on the exlension of the RoHS
Directive on the reslriclion of the use of certain hazardous
substances in electrical and electronic equipment (Grofl & Bunke et
al. 2008) proposes to phase out all brominated and chiorinated flame
retardants in electric and electronic consumer goods to protect
consumers and lo facilitate easier and safer recycling at the end of
fife stage (European Commission 2010).

¢ In several EU Eco-lable drafts the restriction of BFRs were proposed.

* Several electronic producers have stopped the use of BFRs.

Will electronics go halogen free?

Assessment chemical by chemical
{as REACH)

i3

Overview Table Non-Halogenated FR

in the Whole Application Range
Application options non-Hal-FR; PINFA Version 5.0 (12/2008)
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Fire Retardants - Mode of Action
(Fire Retardants |

[ Gas Phase }-/ T Condensed Phase
P,

Flame Inkibitors Dilusnts Heat Dissi Drip promoters
a.g. Hatogens. @.g. metal hydroxides. ard absorption ABeRO el
Phosphorus melal carb agents
Barrier Formation
[lnorganic Rosiduss ] [ intumnescents

Agld + Biowing Agent
+ Carboniser

[Melal hydroxides + cxrbonates] [ Nanoparicles } llonmner = calcium sificatd
{Casico)
Source: Prof. Richard Hull, BER Conterence 2010, Kyotg

DecaBDE Substitution in Plastic Resin

DecaBDE Substitution Strategies for plastic used in electronig

Sntsraucs HIFS resins yeing decabioediphanyletiane mst2ad of
i JecaBDE

‘ HIPS and PRO bleod with phospharus-based FR
Material E
PiABE blead with phoiphoru-based FR

Y Sepaiation o bighlon volisge
Product . Green Designt
Reduce operating valigze

Source; Oko-Institute 2003
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http://www.betterworldlinks.orgl
http:www.chemsec.org
www.ipen.org;www.ihpa.info
http:www.ban.org
http:http://greensciencepolicy.org
http:www.ipcp.ch
http://www.oecd.org/chemicatsafetyl
http:http://POPPub.bcrc.cn
http:http://www.salcm.org
http://ozone.unep.o?g
http://chm.pops.inU
www.pic.int
www.baseLint
http:hiera!(.hy

DecaBDE Main Applications

» Due to it's good performance it is used in a wide
range of plastics in particular applied in electronics.

» Major use in HIPS TV casings (US 80% of total use
{Lowell 2008). Other use Polyamids and Polyolefins.

» Textiles: Primary textile uses appear to be in the
mattress, drapery, commercial upholstered furniture,
and transportation (automotive and airplane)
industries. Other niche applications of decaBDE in
textiles include tents, awnings, and related fabric
applications.

> Use pattern in China not known

DecaBDE Substitutes in Plastic Resin

Wide range of alternative plastic/flame retardant combination
available on the market and used in former key applications of
DecaBDE (e.g. Electronic enclosures) by international producers.

Cost estimate range from 0.2 % to 2.5 % of final product price.

Flane Ratardani(s) Example Tses
* Resorcinol bis dipbeny] phospbate | o Used throughout Ewope -- roughly 20,000
{RDPy wietnic iz ny the EU TV enclosure markes
acraps (¢ o phuot A diphosphar + Shap AQUOSLCD TV
R {BPADP) ® Plulips Elrcoronses flat passl TV
. e * Apple Compater Momutor
FC * Phosphats esters ¢ Plalps Plasma TV frout housing
LA % « Metal hydrorads . X\C‘ {curvenmly iu devalopmsned products

Source: Lowell 2005; Danish EPA 2006

DecaBDE Substitutes in Plastic Resin’

Phosphate Flame Retardants Used in Electronic Applications
Producer of Phosphor flame retardants claim that some
application of Phosphor flame retardants can even be cheaper
then brominated alternatives.

Rnown eses Mamfecomres Tisde Nmme

IO
Firre Rerdsnt | Actawrar v "*’?L“"‘;""‘“ R

Substitution DecaBDE’
in Plastic Resin

DecaBDE Substitution Strategies for plastic
used in electronics

@ 11% phoponss » Baryer Bodieaa FC ARS
o VOmomg sthieved hes awok
op nwed RFEOHDPS wead, | s GE Mactes PCABS resias
’ v Uasd o Diefl BCZABS CRT

Moniter

bl
1efienBROP 10
«  Great Lakew: Paofou RDF

B

& Do Cleadcsi POABS

s Usige growug sn PC/ARS

= Grear Labws: Reofon BAPP

Substanca HIPS resins using decabramadiphenvierane instead of
3 decaBDE

HIPS sud PPQ blend with phosphorus-based FR
Natenal
I FC-ABS bleod with phesphorus-based FR

g\" Separation of o dviow voltage

Produr ) Green Design!
Reducs opernting voltage

Bogbrust & E2A0P, aad PPOIPE apphiacons 7847, tasd a the Slarp + Aisecsr ™
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Source: Oko-Institute 2003

Leading E-Companies about Eliminating DecaBDE

A large number of companies in the EE sector
specifically state that they have phased out Deca-
BDE in all of their products, among these, Dell,
Hewlett-Packard Company (including Compacj)},
Sony, IBM, Ericsson, Apple, Matsushita (including
Panasonic), Intel and B&O.

Some of the main driving forces for these
commitments have been EU RoHS Directive, eco-
labels, customer requirements {e.g. “green
procurement” initiatives).

DecaBDE Substitution in Textiles®

Exposure-release Substitute Flame Retardant

Fortextiles a range of possible substitution approaches:
» Substitute flame retardants (evaluation of substitute!)

> Alternativefibers,

» Inherently fire resistant fibers,

» Ingreased use of barrier layers, faminates and nonwovens.

Substance Tse other BFRs mstead of deciBDE
§=: {e.g. Decabromodiphenylethane, HBCDD} ~
3.: Tlze of a phosphate type flame retardans wstead of 7
¥ decaBDE

Materal
i Use lubieraut Flane Resistant Fider or Nen-Woven
J!. Barvier Lavar
\:v

Product Radssign Produet T Ekpunaze e Fire Load

Source: Oko-Institute 2003




BFR Substitution in Textiles”
Flame Retardant Substitution
Commercially Available Textile Halogen-free Flame Retardants|
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BFR Substitution in Textiles?®
Fiame Retardant Substitution

Commercially Available Textile Halogen-free Flame Retardants
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BFR Substitution in Texiiles® BFR Substitution in Textiles”
Flame Retardant Substitution Flame Retardant Substitution
Commercially Available Textile Halogen-free Flame Retardants| Commercially Available Textile Halogen-free Flame Retardants|
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BFR Substitution in Textiles/PUR™
Chlorinated Phosphorester

Flame Retardants in Baby Product Foam US

#of 193
Flame Retardant in 101 samples Detects

PentaBDE L4 38-53
ZTBR and TBPH (Firemaster 550/600) 17 E=4.3
Trist 1, 3-dichloro-Z-propyliphosphate (TOCPP) 35 05-124
or Chiprinated Tric

Trts {2-chloro-ethyl) phosphate [TCEP)/VE™ 15 2026
Tris{1 -chioro -2 -propyliphosphate (TCPF) 14 Q02-.4

BFR Substitution in Textiles/PUR?
Chiorinated Phosphorester

TOCPP {Chiorinated Tris)

Tris (1,3-dichlerelsopropyl} phosphate ;
Classifued as Carcinogen (State of California 10/2011) ‘
http:/foehha ca.goviprop8Shazard_identfpdf_zip/TDCPPD70811. pdf l

Detected in 36 Samples . [¢]
Levelsup fo 12.4 percentor 124,000 ppm  ©'¢dk i Ll

2y
~Car Seat (11) /C””Q‘F;’G‘Ct‘
- Changing Table Pad(8) CICH, & CHLCE
- §leeping Wedge (6) i
Portable Mattress (3) /Ct‘l
- Baby Walker (2) e
- High Chair (2) L Ghp
- Rocking Chalr (1) fof] Ct
- Baby Carrier {1} _
- Nursing Pillow {1} ) EytehFRl
-Infant Bath S$ling (1} Trisdl, J-dichiora-2-propyl} phosphate

!

Stapleton et al. Identification of Flame Retardants in Polyurethane Foam Collected
from Baby Products Environ, Sc¢i. Technol., 2011, 45 (12), pp 5323-5331

Stapleton et al. identification of Flame Retardants in Polyurethane Foam Collected
from Baby Products Environ. Sci. Technol, 2011, 45 (12}, pp 53235331




BFR Substitution in Textiles/PUR®
Chiorinated Organophosphates

Found at lower levels. may be impurities
in another chicrinated FR mixture:
Tris{2-chloreethyliphosphate (TCEP}
~
» Phased oul in burope
» California Prop 65 list
Detected in 14 Samples:

- Nursing Pillow (9}

- Infant Bath Sling (2)

- Baby Carrier (1)

- Sleeping Wedge (1)

- Portable Crib (1)

Tris{1-chloro-2-propyliphosphate (TCPP)
» Replaced nd

ittle toxicity information

» DetectedT amples

Stapleton et al. Identification of Flame Retardants in Polyurethane Foam Collected
from Baby Products Environ. Sci. Technol., 2011, 45 (12), pp 5323-5331

1.+ Hexabromeyclododecane (HBCDD) - Evaluaton Status

s

J, \

> Stockholm Convention: HBCDD is in the POP
Reviewing Committee evaluation process and will
be proposed for listing to COPS.

» UNECE: HBCDD evaluated for listing In protocol

» Europe (REACH): HBCDD listed as substance of
very high concern for authorisation (10/2008).

> Japan: Classified HBCDD as a Type | Monitoring
Chemical Substance in the Law Concerning the
Evaluation of Chemical Substances and
Regulation of Their Manufacture.

¥

Applications of HBCDD

¥ Primary use of HBCDD is as a flame retardant
additive in expanded polystyrene (EPS) and
extruded polystyrene (XPS} applications. EPS and
XPS are typically used for thermal insulation
foams for applications in the building and
construction industry and in products.

» High impact polystyrene (HIPS) applications
{electrical and electronic appliances, cables).

» Textile back-coating (upholstery furniture} in
order to meet the strict fire safety standards in
place e.g. in the United Kingdom and California.

N HBCDD Alternatives for use irf
"> » EPS and XPS Polystyrene Insulation

R wf”“\»ﬂr
A. Flame Retardant Substitutions

» There is limited data supporting non-brominated drop-in
flame retardant chemical substitutes for HBCDD used in
EPS and XPS applications. However, there are brominated
chemicals other than HBCDD commercially available as
flame retardant materials for EPS and XPS applications.

> However no data found for-health/environmental evaluatioy

Manufacturer Applicadons
Albemade Expandable polvstyrene

Sueytex BO-48

» Global demand 2003: 21,900 metric tonnes {BSEF)
Quse China?

erciooctme L EDS
Albemade Saytex BCL-| | Conrains [ Expandable polvstyrene
462 \ dibromoethridibiomo- f EPS)
herolohiesue /
Grent Lakes BE-5f W Expandsble polvstrrene
Chemen! {EPS; .

Source: Morose 2006

HBCDD Alternatives for use if
EPS and XPS Polystyrene Insulation

B. ResinfMaterial Substitution

Polyurethane and Polyisocyanurate Products.

» Most rigid foam boardstock is characterized by a
high polyisocyanurate content and is usually
based on lower-cost polyester polyols. These
polyisocyanurate modified urethane foams are
used in a variety of construction applications, and
are commonly referred to as “polyiso” products.

HBCD Alternatives for use irf
EPS and XPS Polystyrene Insulation

B. Resin/Material Substitution
Polyurethane and Polyisocyanurate Products.

Key Health, Environmental and Performance Concerns:

Following flame retardant chemicais: tris monochioropropyl
phosphate (TMCPP), tris chioroethyl phosphate {(TCEP} and
diol from tetrabromo phthalic anhydride.

» TCEP is categorized as carcinogen (e.g. listed in California

> TMCPP is of low to moderate acute toxicity. Current
assessment of neurotoxic properties.

» TDCPP & metabolites are carcinogen.




HBCD Alternatives for use i’
EPS and XPS Polystyrene Insulation

B. Resin/Material Substitution
Other Insulation Materials — inorganic materials

» Blankets {fiber batts or rolls}): Blanket insulationis
usually made of fiber glass or rock wool. Batts with special
flame resistant facing are avallable where the insulation wil
be left exposed. Fiberglass is a synthetic vitreous fiber.

» Loose-fill: Loose-fill insulation is typically blown into
place or spray-applied by special equipment. Materials useq
for blown-in or spray-applied insulation include rock wool,
fiber glass, cellulose, or polyurethane foam. Loose-fill
cellulose insulation is commonly manufactured from

recycled newsprint, cardboard, or other forms ?{[msL
paper, vermiculite or perlite (expanded naturally minerals).

|

HBCD Alternatives for use irr
EPS and XPS§ Polystyrene Insulation

C. Resin/Material Substitution & Production Redesigr

» When using alternative building insulation materials,
the necessary flame retardancy is often provided by
use of a thermal barrier.

» Thermal barriers are fire resistant coverings or
coatings that separate the insulation material from the
building interior. Thermal barriers can be used fo
increase the fire retardant performance for various
types of insulation.

» Commonly used thermal barriers include: gypsum
board, gypsum or cement plasters, perlite board,
spray-applied cellulose, mineral fiber, or gypsum
coatings, and select plywoods.

HBCD Alternatives for use i
EPS and XPS Polystyrene insulation

3. Resin/Material Substitution

ey Health, Environmental and Performance Concerns:
- The fiber glass blanket/batt, loose-fill fiber glass, perlitg
and loose-fill rock wool have a lower R-Value than XPS§
boards and therefore may not be desirable for applications
where high R-Value is a critical property.

> When fibers are suspended in air they can cause initation o
the eyes, nose, throat, and parts of the lung. Animal studies
show that repeatedly breathing air containing synthetic
vitreous fibers can lead to inflammation and fibrosis of the
lung. (Agency for Toxics Substances and Disease Registry,
2004) EU: Accomplished improvement of fibres in
respect to health concerns,

- Some fibres have melamine based binders iformaldenvde)

Conclusion HBCDD Substitution”
in Polystyrenes (EPS, XPS, HIPS)

German Environmental Agency (UBA 2008):

» No phase in flame retardant for HBCDD in polystyrene
applications {XPS, EPS and HIPS).

» Arange of alternative insulation materials is
commercially available and can substitute HBCDD
containing polystyrene in many applications.

POPRC: HBCDD list in Annex AorB

Sweden: propose fo evalute if XPS/EPS would need
an excemption if HBCDD would be restriced in EU.

BASF {largest producer of XPS/EPS Europe}:

»in a few years substitution possible.”

HBCDD in Textiles =
Key Contamination Source

» Awide range of alternative flame retardants {non-
halogenated) and/or alternative textiles are
available (see DecaBDE textile). Therefore
substitution of HCBDD in textiles no issue.

> EPSIXPS producing industry (HBCDD use} (Germany):
“The dispersive use of HBCDD in fextiles is a main
cause of environmental and human confamination. A
second impoitant source were releases from industrial
production (e.g. Aycliffe/UK stopped 2003). These two
refeases mainly causes current pressure on HBCDD.”

=> HBCDD industry should have a vital interest to stop
application in textiles and optimize releases from

production to continue their core business {(XPSIEPS).

Information on Socio-Economibt
Considerations (Annex F)

(a) Efficacy and efficiency of possible control measures in
meeting risk reduction goals:

(i) Technical feasibility; and

{ii} Costs, including environmental and health costs;
{b} Alternatives (products and processes):

(i} Technical feasibility;

(i} Costs, including environmental and health costs;

iiil Efficacy;

{v} Availability; and (vi) Accessibility;
It is of key importance to evaluate PBT criteria for the
alternatives! Important for human and environmental risk

producers and users {approach of REACH!).

assessment but aiso of key impotance for the rdustdal_
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Printed Circuit Boardas: TBBFA and Alternative FRs«
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European Research Project ENFIRO: LCA of
Environment-Compatible Flame Retardants

¥» Objective of ENFIRO: To study the substitution
options for specific BFRs by a prototypical approach.

» ENFIRO offers a prototypical case study on
substitution options resulting in a comprehensive
dataset on the viability of production, application, and
environmental safety, including a life cycle
assessment {LCA)

» This will finally result in a recommendation of certain
FRiproduct combinations. The case studies will give
recommendations for industrial and governmental
stakeholders.

hitp:/fwww.enfiro.eu/

European Research Project ENFIRO: LCA of
Environment-Compatible Flame Retardants

ENFIRO Work Plan
{2008-2012)

Selected applications:
. « Printed circuit boards
| s é;‘”::;’; « Electronic components

« Injection moulded produc
« Textile coatings
» Intumescent paint

Bl ol
.

ausetmmen]

shuding

Ecological Priorities for:
Choice of Flame Retardants

Recommendation German Environmental Agency (2008)

1. Measures for reduction of the flame retardant in product design
(use of less flammable materials, introduction of fire walls,
adoption of the amount of flame retardant to the demand)

2. Inorganic flame retardants (Aluminiumhydroxid,
Magnesiumhydroxid, red Phosphorus, NH3-polyphosphat}.

3. Reaktive embedded, halogen free organic Nitrogen- and
Phosphorus-compounds

4. Additive halogen free organic Nitrogen- and Phosphorus-
compounds, non persistant, non-bioaccumulating without long-
term human toxic or ecotoxic effects

§. Reactive embedded halogenated flame retardants.

6. Additive halogenated flame retardants which are no
non-bicaccumuiating without long-term human toxiq or ecotoxlc

effects.



http:http://www.enfiro.eu




Study on Chlorinated Paraffins

» Short, medium & long chain chlorinated paraffins
» 1 million tons production {mainly China & India).
» Substance flow and LCA of CCPs

> Env./human fate of chlorinated paraffins.

» Degradation products of chlorinated paraffins
{hydroxy-, carboxy-metabolites?}

» What are UPOPs in these materials?
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PBDE in Sri Lanka
— Assessment and Management

* Min of Environment

* Central Environmental Authority
* Industrial Technology Institute

* Ministry of Health

* University of Moratuwa
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Second-hand EEE imported in the
inventory year and the previous
years {base for estimating stocks);
EEE stocks (in use and/or storad
in the possession of consumers);
EEEentering the waste stream,
i.e. WEEE;

WEEE plastics for recycling {from
domestic WEEE and imported
WEEE polymer fraction).

+ Ministry of environment and ministry of industry;

* Basel Convention focal point {and stakeholders in
Basel activities on e-waste} ;

+ Importers and exporters of electronics ;

O

»

* Retailers of electronics and second-hand

electronics;
¢ Recyclers of WEEE;
= Recyclers and users of polymers from WEEE;
* Research group working on EEE/WEEE
+ NGOs working on WEEE/POPs ;
« Other relevant stakeholders in the country.

Total POP-PBDEs in EEE can be calculated as:

d ‘%BDEU) = Mg X Toqiymertk) X Crape(;polymer(k)
E \ content of the

|

amount of POP- L e
PBDEs{i} in [ke] | amountof EEE{j} in total polymer \ POP-PBDEs{i}in
{intonnes) fractionin the t'ota!' polymer
[weight-%] fractionin
[kg/tonne]

Information needed
e aninventory of stocks and flows of FEE/WEEE
¢ the share of the polymers in different EEE/WEEE categories
e the POP-PBDE content of those polymers










w

Moving Forward after Inventory

Suggested handlield XRF equipient
Model: Niton XL3t Handheld XRF, Manufacturer Thermo Scientific USA

Frgoe b Wi XU Sexn?

PBDEs measured in WEEE plastics (EU 2010}

Penta | Octa | Deca |

WEEE Large household appliances w/o
cooling and freezing appliances
Small household appliances

Category

ICT equipment without CRT- and flat
screens

Consumer equipment without CRT-
and flat screens

not detected or at average concentrations clearly {.e. more than an order of magnitude) below
he RoHS Directive maximum concentration value (MCV) of 0.1%

average concenirations below {yeliow cells) or in the vicinity (orange celis) of the RoHS MCV
average concenirations above the RoHS MCV of 0.1%

XXX plastic type predominantly containing the substance

{Sonrxerwiger etal, 2010, Wiger et af. 2022}
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