
Workshop on sound management ofPBDEs and phasing-out 
opportunities in S Lanka 

Held on 27 th November 201 Water,s Edge, BattaramuHa, Lanka 

Organized by  

Ministry ofEnvironment & Renewable Energy  

In Collaboration with  

Basel Convention Regional Centrefor 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 (SA CEP) 

MRS.TISSERA
Typewritten Text
5

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text

MRS.TISSERA
Typewritten Text



Introduction 

Project on Sub regional Action Plan (Asia) for Polybrominated diphenyl (PBDEs) 
management and reduction was developed by Stockholm Convention Regional Capacity-
building and the Transfer of Technology in and the (SCRCAP)lBasel Convention 
Regional Centre Asia and Pacific (BCRC, China) with Cambodia, Laos, Mongolia, 

Pakistan, Lanka to access pollution characteristics of in main waste recycling to 
reduce risks caused by PBDEs a demonstration of application of Available 
Techniques (BAT)lBest Available (BEP) in sectors and propose a pollution 

national 

The on Sound Management and phasing-out opportunities in Sri Lanka was one 
of the actIVIties the above project in addition to report prepared on "National Summary 
Report on Present Status of Management". The workshop is jomtly by BCRC/ 

China, Ministry Mahaweli Development and EnVIronment SACEP. financial support 
the workshop is provided by BCRC/China through The total project cost is USD 
3,950,000 and co- is USD 11,800,000. 

are chemical compounds, which were and are "AtC'U;)J used as 
retardants m products such as electronic equipment, plastic housings, L\;;ALll\;;:> and polyurethane 
applications. They are one of the most hazardous industnal Persistent Pollutants (POPs) 
!pnt;f1p~ by the Stockholm Convention (SC). Hexabromodiphenyl and heptabromodiphenyl 

Tetrabromodiphenyl ether and pentabromodiphenyl ether are considered as under the 

Sri Lanka a party to SC, for which amendments have into force on 12 
The Ministry of Mahaweli 

& Environment, the the 
nrro'Al't while USD under the and the I'A_hn'.lnl'ln 1,420,000. 

m-kind contribution calculated as Co-financmg is from Ministry Mahaweli 
Development Environment and other stakeholders including coordination, 
office, etc. project will in year 6 and project is 3 

Objective of the Workshop 

one day workshop to the background information creating awareness a.lIlVIl.:,t, 

stakeholders on "Sound Management of in Sri 
held on November 5 at the Lanka in collaboration 

with regional for the Pacific Stockholm Convention 
Capacity-Building and Transfer of Technology in and 

(SCRCAP) China and Asia Co-operative EnVironment Programme (SACEP) ana an 
international POPs About government officerslindividuals were 

at the stakeholder institutions. Agenda I) of 
workshop and (Annex II) are attached. 
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Summal), of the WOI'k Shop 

The workshop was started with the Remarks by Mr. Jayatilake, 

Resource and International !Mimstry . Development 

EnVIronment. 

{'\"J'>nllJ'>'" of the POPs hemlcal management 

management of the country. He 

their special impacts and and future 

to control POPs Ministry as the point of Stockholm Convention to Sri Ld.UM. 

presentation is in Annex III 

On behalf of the Ms. Fang Assistant was Welcome .l'..vlHa.l 

and explained of the workshop is to out the out opportunities of 
. Lanka. She about resource allocation 

Regional 

At the end the session, self introduction the participants were made and participants 
a brief introduction of them and their' 

Technical Session was started with the made by Ms. 

BCRCIChina. Introduction of PBDEs, theIr risk, use, were presented 

she explained production and use to be by Parties subject to 

articles containing include; electronic 

eqUlpments IULvllUI foam and intenors In and drilling 

construction to the complexity magnitude of the PBDEs, 

represents a for many Parties. the presentation explained the 

physical nature production and their risk to The 

is attached in Annex IV 

Roland Weber, POPs was of presentations on 

for the PBDEs listed Stockholm Convention- a tiered approach", 

"Introduction to draft on Sampling and Analysis of POPs in Products and Articles", 

on PBDE and monitonng in articles, products and waste" and Alternatives to 

and substitution approaches. is working in the management and involved in 

and Updated of National Implementation of POPs in many including 

stressed the importance of Environmental Management while presenting 

case studies countries. I'lAmea that immediate to be taken for 

ofPBDEs. .ttached in Annex V 01-~~TH" are 

Ms. LIU, of presentations on Management 

E-waste plastic In China" samples of 

The presentation was based on the studied by BCRC/China. is one of 

of Environment Sound Management e-waste in the Ms. Fang 
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explained about the duties responsible with to e-waste 
management The are attached in Annex V1 

Prof. Ajith Alwis, Head-Faculty Chemical University of Moratuwa 
and of the update project was a presentation on Status ('T\r..T">T:'C'< 

presentation was based on preparation the N1P 
and study conducted under project on PBDES management. Prof. Ajith 

explained that production of in Sri Lanka is zero. though PBDEs are 
considered to no longer produced, for their elimination is the identification 

stockpiles and containing and their disposal at end-of-life to the 
Mainly are two types material flows of electronic 

equIpment (EEE) and related waste and transport sector and end-of-life (ELV). In 
order to out of PBDEs Lanka, an environmental Sound of PBDEs is 
essential and management are to be soon. The presentation made by Prof. is 
Ul\avllC;U in Annex vn 

During the and Answers partiCIpants were allowed to questions and 
clarifications the respective presenters. Finally, all participants workshop were 

. interest to support the upcoming project on 

way forward closing remarks the workshop were by Mr. S M Assistant 
International .,l"C'lUUVH:>, Mahaweli Development 

thank to Dr. Roland International 
from BCRC/China, and 

are many actions 
those actions can implement lV~C'lllC'1 the PBDEs 

are several projects related to chemical and waste 
and approach can taken to . them 

III the country. 
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Workshop OIl Sound Management ofPBDEs and Phasing-out Opportunities in Sri Lanka 
27tJl November 2015 at Water's Edge Hotel, Battaramulla 

Organized by: 
Air Resource Management & International Relations, Ministry ofMahaweli Development & Environment 
III Collaboratio1l with, 
Basel Convention Regional Centre for Asia and the Pacific (BCRC)/ Stockholm Convention Regional Centre for 
Capacin;-Building and the Transfer of Teclm0 logy in Asia and the Pacific (SCRCAP), China 
And 
South Asia Co-operative Environment Programme (SACEP), Sri Lanka 

PROVISIONAL AGENDA 

•TOPICTIME 
~ 

PRESENTER 
... 

09.00 - 09.30am Registration of Participants 

Session I: Introduction and Objectives of the workshop 
Secretary/Additional Secretary, Minisby of09.30 -09.40am Welcome & Opening Remarks 
Mahaweli Development & Environment 

Ms. Fang LIU, Technical Assistant 
Objectives of the Workshop09.40 -9.50 am Basel Convention Regional Cenb'e for Asia and 

the Pacific (BCRC)/Stockholm Convention 
Regional Cenb'e for Capacity-building and the 
Transfer of Technology in Asia and the Pacific .- (SCRCAP), China 
ALL09.50 - 10.00am Introduction of Participants 

10.00 -10.15 am POPs Management In Sri Lanka Mr. Anura Jayatilake, 
Director, Air Resource Management & 
International Relations, Minist1y of Mahaweli 
Develapment & Environment 

Tea/Coffee Break 10.15 -10.30am 

Session 2: Introduction of Polybrominateddiphenyl ethers (PBDEs) 

10.30 -10.50 am Introduction of PBDEs (properties, risk, Ms. Fang LIU, Technical Assistant 
use & end of life) BCRC/SCRCAP, China 

Questions and Answers10.50-11.05 am ALL 

Session 3: Inventory of PBDEs 

11.05-11.25 am Guidance for the inventory of PBDEs Dr. Roland Weber 
listed under the Stockholm Convention- International Expert on POPs 
a tiered inventory approach 

Questions and Answers11.25 -11.40 am ALL 

http:11.05-11.25
http:10.50-11.05
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Session 4: Monitoring of PBDEs in articles: case studies 

11.40 -12.DOpm Introduction to Guidance on monitoring Dr. Roland Weber 
on new listed POPs in articles (with I nternational Expert on PO Ps 
special emphasis on PBDEs ) 

12.00 12.10 pm Questions and Answers ALL 

12.10 - 12.45 pm Presentations on case studies Dr. Roland Weber 

International Expert on POPs 

12.45 -1.00 pm Questions and Answers ALL 

Lunch1.00 - 2.00 pm 

Session 5: Articles containing PBDEs identify and analysis 

2.00 - 2.20 pm E-waste Management including E-waste Ms. Fang LIU 
plastic in China Technical Assistant 

BCRCjSCRCAP, China 

2.20 - 2.40 pm Testing of PBDE samples and Challenge Ms. Fang LIU 
of PBDE analysis Technical Assistant 

BCRCjSCRCAP, China 

2.40 - 2.55 pm Questions and Answers ALL 
¥ po". '" 2.55 - 3.10 pm Tea/Coffee 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 

3.40 - 3.50 pm Questions and Answers ALL 

3.50 - 4.10 pm Present Status of PBDESs Management Prof. Ajith De Alwis 
In Sri Lanka PBDEs ExpertjNIP project 

Head-Faculty ofChemical & Process 
Engineering, University ofMoratuwa 

4.10 - 4.15 pm Questions and Answers ALL 

Way Forward 4.15 - 4.25 pm Mr. S M Werahera, Assistant Director, Air 
Resource Management & International 
Relations, Ministly ofMalurweli Development & 
Environment 

04.25 pm Oose of Programme 
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in LankaPOPs 

Mr. Anura 
Director 

Air Resource Management & International Relations 
Ministry of Mahaweli DeveloDment & Environment 

Date ofAdoption: 22.05.2001 
Date into Force: 17.05.2004 
Date of Ratification Sri Lanka: 22.12. 2005 
Date into force in Sri Lanka: 
22.12.2005 
Number of Countries which have ratified the 

Convention: 179 

National Focal Point: 
 of Mahaweli 

Development & Environment 

Competent Authority: 


Pesticitles-Regi,1rar of Pesticides CROP) 


Industrial Chemicals: Central Envlronmenl AUlhorily (CEA) 


Special 

.. Persist in the environment for 
periods 

.. Capable of 

.. Bioaccumulation in human and animal 
tissues 

.. BiomagnifY in food chains 

.. Potentially on human 
health and the em-ironment . 

.. Grass hopper effect and cocktail effect 

Stockholm Convention on 
Organic Pollutants 

To protect 

remain intact in the 
environment 

long periods, become widely 
distributed geographically 
accumulate in fatty of 

humans and wildlife. 

What are the POPs? 

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

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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The initial 12 POPs 

Annex A (Elim ination) 

.Aldrin .Chlordane .Dieldrin .Endrin 
• Heptachlor .Mirex .Toxaphene A PCBs 

./A Hexachlorobenzene 

Annex B (Restriction) 

.DDT 

Annex C (Unintentional production) 

.Dioxin .Furan .Hexachlorobenzene .PCBs 

~ 
• Pesticides .'ndust/lal chemicals .By-produas

'n;v.:?;..:\,M 
..... ~ IC>"': '· -_· · 

Nine new POPs 

f'I-lueIToott.o'·'tLJ-.. 
lJ~nnn,. 

11~ ... ~~dtl_"' t.hJ!..,", lO.U-. 1I' l'r ttObt.tW'! l,<.:.!" 

~q·bt '.d~ -.ftr . 
l'~" "til> 
f"r......-'t.1\.,."" '.·• ., .. 

P~ ......,. 

H<-"I"_"t.r.......~..·'JI·:·oft) l ... .J"'\~IOtI"rtfojoj, C""-. 

1 l< 1'''"'~ 
H~·.. I.rr..., .... )~ ..,,~, ,...J\.4:F _.f 

11,.f'I ~r·lbt·l:J' r-I ..,," ·tI'·T4 
fI~·I."'\ ,_c."", 

U.:i..• j ,I .. ~ ..... ' !Ul t """i. t:'l! P"~ ~ . t-'l • ..• 1'..1 I 

J' -I ,\all" 11 

I itt.. ~,, ·. r,.-N...... I.-,,::toosn. 

1 .1; UJ..,Wl I,t.I, t"M"Il.i"f'q:.!... rW-tolltf1.l' ,'1 ·"L,e.:r <'l 

l!t~ :.:r:'! """N1'~ " """'Jl\.iA.> h 1 ti lt;,"tol 

\. ,'::.. C I frol4l.t •• ~'N'!".......
"dlU"'~""'t.U''''''''• .... 
j 'l" ...,... 

1't9"n.~~.. l u!rool . ... ~i .f 

' ~:~,.:::r'r"""'..' .h,>' 
~ . •""...bl'.......,.·....u.-j" ...,'"h~_ · 
~ Ptr.I..a6o!.,....,..D~.J~ttJwr .A~ 

;~~~~I 	 .~$I.~s .l.JflGIusl"Mehem.c:tIs _S y.prod:.ds 

'~~\~~;T~':: 

Coot.... 
• Development and publication of awareness materials on POPs and 

related health impacts (Videos, Exhibition models, Leanets, 
Posters, CDs) 

Participation for National & International meeting! workshops! 
seminars! trainings! COPs in relation to POPs management 

• 	 In collaboration with the Basel and Stockholm Coordination 
Centre for Asia and the Pacific, China (BCRC) and three other 
Asian countries (Cambodia, Lao PDR, Pakistan) have completed 
the regional project on Capacity Strengthening and Infonnation 
E~change on PCBs Management in Sekcted Asia Countries to 
strengthen the national institutional capacity on PCBs elimination 
and management at regional leveL 

j ''t ....!I:.:.kol.: ( .... IIJ••T'11·rl....,. 

t.: l~l e"" f t'b(.l f j •• <:",..• rI .. lUI .",rlT1 r " .tq.'Lh"" b, 
... ,--tJ.II"'Jrftt')' A11 l l1 4".\nn-J, D 
·.......,'lnloru,.,_ 

r, 'r: ",t1r'I.:.-l:; 1II.S~"",rl ,:,. ~ itifl. u,• p"\~, iur." ..,(-,...".. 

;~' J. .\ ,Qru .\ 

~ 


~ 

I~~?~~!f.~~ 

;W}~::-:~·~¥ 

t  
~ 
~ 
~"2;.{t.f(J~t 

POPs are coming under 3 Annexes 

• Annex A: Parties must take measures to eliminate the production 
and use of the chemicals li sted under Anne~ A: Speci fic exemptions 
for use or production are listed in the Annex and apply only to 
Parties that register for them. (Elimination) 

• 	Annex B: Parties must take measures to restrict the production and 
use of the chemicals listed under Annex B in light ofany 
applicable acceptable pwposes and/or specific exemptions listed in 
the Annex. (Restriction) 

• Annex C: Panies must take measures to reduce the unintentional 
releases of chemicals listed under Annex C with the goal of 
continuing minimization and. where feasible. ultimate elimination. 
(Unintentional production) 

ctivities conducted to implement the 

onvention at country level: 


• Ministry Submined the 	I" National Implementation Plan (NIP) 
in 2006 and now in the process of making the 2" NIP 

• 	Development ofHarrnonized System (HS) codes for 
prioritized POPs Chemicals in collaboration with Department 
of Customs 

• 	Capacity building of stakeholder institutions for the 
formulation of national inventories 

• 	Development and update the of the National Inventories for 
PCBs, Unintentional POPs and Pesticides identifYing existing 
situation of the country and future trends 

• Development of PFOS and PBDEs inventories 

• Public awareness on POPs including school children 

• 	 lnfonnation Exchange & submitting National Status to 
Stockholm Convention 

Coot.... 
ConlrOlofPesticidcsAct No. 33 of 1980 - RegulaLion ofimpons. resLriction 
and ban of pesticides tJuough registration and gazette notification. All POPs 
pesticides have banned. 

Imports and Exports (Conlfol) Act No.1 of 1969 -Regulation of import of 
induslrial chemicals including POPs chemicals. Government E.xuaordinary 
Gazette No. 1813114 of05.06.2013 oftJle import and Export ConlIOl banned 
PCBs 
Technical Advisory Committee Meeting for the management ofinduslrial 
Chemicals on Implementation of the Rollerdam Convention in Sri Lanka 

Establishment ofa National Coordinating Commiuce for the implementation of 
tJle Basel Convention ill Sri Lan.ka. Basel. Stockholm. ROllerdam CoJnventioJrlS 
and SAlOd related issues are diswssed at the meeting 

Study Oil Socio - Economic related to proposed EPR system 011 COlllloJl E~ 

waste to conlfol associated POPs. 


Program with pesticide induslries for management of big pla.~c containers to 

minimize the possible mismanagement activities including bwnin~ (TIUs 

program is scheduled to be extended 10 fanners too). 


http:ft'b(.lf
http:y.prod:.ds


• Project on Sub 
Management and 

Activities 

countries are Cambodia, Lao PDR Mongolia, 
Lanka ·GEF CEO approved 

of 

• Preparation of list of products and HS Code for the issuing a new 
gazette through Import and Export Control Department 

• Banning and to reduce 
effects on environment and burning. 

Thank 
For further infomlation: 

'r Resource Management & International Relations 

inish'Y of Mahaweli & Environment 

980/4 A, Place 

Ethul Kotte 

Tell Fax: 011-2888248 


Email:eecon~:a@~ajho~•. com 
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Introduction to PBDEs 

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 

f1r";': .;"W,·,M.w;·=.=1)
27" Nov. 2015 

characteristics and properlies 

Production and uses or PBDE!' 

Risks associated with PBDEs 

PBDEs End or lire 

characteristics 
• 	 They are structurally similar to the PCBs and oth~r polyhaiogenaled 

compounds, consisting of two halogenated aromatic rings. 

• 	 PBOEs are cJ.as.sified according to the average number of bromine atoms in 
the molecuJe: Mono~. di-, tri·. Tetra-, penta-, Hexa-, hepla-, Octa-. Nona-, ilnd 
Decabromodiphenyl ethers. 

• 	 The family of PBDEs COnsisLo; of 209 possible substances, which are called 
congeners (pBDE ~ C"H"o-"Br,Q (x~ 1,2, ... , 10 ~ m + n)). 

• 	 Higher brominated PBDEs average more than 5 bromine atoms per molecule, 
accordingly. lower brominated PBDEs average 1-5 bromine atoms. The most 
h.azaIdous congeners are tetra- to heptabrominated PBDEs because they can 
best bioaccumulate. 

• 	 Polybrominated di P'lfJMlJ;;as<;;;trlltlE1, §J~~eIOW) are a group of 
industrial aromatic organobromine chemicals that have been used since the 
19705 as additive flame retardants in a wide range of - mainly - consumer 
products. 

srm-C)())---sro 

Strucrure orpolybrominated diphenyl ethers (PBDEs) 

• 	 The boiling point of PBDEs is between 310 and 425 0 C and their vapor 
pressure is low at room temperature. PBDEs are lipophilic, and their solubility 
in water i:i low, especially for the higher brominated compounds. 

• 	 As persistent organic pollutants (POPs), PBDEs resist degradation and tend to 
bioaccumulate in living tissues. Hencc, elevated concentrations of PBDEs are 
being detected worldwide in various environmental matrices, both in urban 
and remote areas alike. 
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• 	 Commercial-PentaBDE (c-PenIaBDE) is produced mainly in Israel, Japan, tl,e 
United States, tlle European Union and CIUIia(UNEP 2010). Production 
ceased in the Ewopean Union in 1997. II is assumed that since the late 19905 
PentaBDE has beal produced in decreasing quantities. and that production 
ended in 2004(UNEP 2010b) . 

UNEP 20100: Technical review of the implicaliolls ofrecycling commercial 
penIa ami octobromodiphellyl ethers. Stockholm Convention document for 
6th POP Reviewing Committee meeting (UNEPfPOPSfPOPRC.612) 

UNEP 2010b: Supporting document for technical review 0/ tbe implicol;OIlS 
0/ recycling commerc;al penla and octabromodiphellyl ethers. Stockholm 
Convention documenl for 6th POP ReViewing Commiflee meeting 
(UNEPIPOPSfPOPRC.61INFI6) 

• 	 A compilation of PBDEs production data, prepared for the POPs Reviewing 
Committee of the Stockholm Convention, estimated the total production of all 
PBDEs from 1970 to 2005 as between 1.3 million and 1.5 million 
tonnes(UNEP 2010a). The total amoWlts ofc-PentaBDE and c-OctaBDE used 
globally were estimated at around 100,000 tonnes each. The production of c· 
DecaBDE. which is not listed as POPs, was estimated at over 1.1 million 
tonnes wltil2005. While the production of POPs c-PentaBDE and c-OctaBDE 
ended in 2004, the production of DecaBDE continues. Since 2005, Ille 
production ofDecaBDE has been about 100,000 Ions in the world, this figure 
has remained at approximately the same level for maJlY years. 

;-~. 1.:- :~r i' '.:I·~t.~ 
• 	 Commercial PBDEs are synthesized by bromination of diphenyl ethers lUlder 

conditions resulting in mixtures of brominated diphenyl ethers. The 
commercial product!; predominantly consist of Penla-, Ocla-, and 
Decabromodiphenyl ethers. 

• 	 The composition of commercial brominated diphenyl ether.; is given in Table 
below. 

in =-" I!"'-
h :n8..1!J!':'to,. " l'':tJ:{X : ''':! tX :,::!I.)f .......; (,;..,.-;!:<';; :.... j i):i.:::~!:·" 1, 

1)::1,..,-:(•." ~ .: 
k~' 


It;' ..!;t4> ... ~ ~ =,:  
,.,,-~r' t,,:~ -:! 
 !Hi 
;';~ .'Mii:'" :; 7 ~!' !:;..!; 


H,f.:'.~~· !~. ..;.; 


'~~~Gk Jl· ::~ 

rt:~bC: :'J...,: ::.: ..~ 


D,.~~:t-! · [;: ;;:f··":--"  
~~;;; .. ~_~.;~~~.:~~:;:-;..;..,::$.-:~:.~.~..-:::;;:~--:~. ~~:~:;;nci ~7"';,~···~ ·~·;~~:~· : , ~ 
;:,'"":"'~"--:!>,:~;;;!.': : ";:'; t::~. .!_";" .!' :~ r.<--· -Y. ;··t~"': -~~ :-:.! 'It: ~"':' .1 ~ · . r' :;"_~ ..-<.C:=-~ , : ~ • ...,(. ,- ., ); 
;.~~; ~ l ( j ~~. :I. :.::::o" . ~. ' .... ,•.~: .:~\::. ~ ~ ~". ~/; 3.1" '.:··' : .. ". ~:= . ;~ ~t ~.~ .~. " . r:.~;, ~ . ! f ·.... 
~~::_~:.: ~~:' ~:::':~:;: :;,~; : ~,..• .~,," ~(' ',. : i " , .;.i =-.:.:.~ <:..,.,.., . ;....-....r .l: ~.t"~:r:: ~~~" .~(" 1)' <! ~ '•.:,~- . 
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,..~~ 

• 	 Commercial-OctaBDE (c-OctaBDE) has been produced in tlle Netllerlands, 
Fran"" the United States, Japan, the United Kingdom and Israel. Production 
stopped in the European Union, the United States and the Pacirtc Rim in 2004, 
and there is no information indicating that it is being produced in developing 
countries(1lSEF 2007). 

• 	 BSEF 2007: Bromine Sciencc and Environment Fontm. AJIIlex E response 

~;;,,~·,~,·((~.bf:.'.!':·;r! 

• 	 The major manufacturing sectors that have used PBDEs are (SSC tI 01. 1015): 

Organobromine industry~ 

Electncal and electronics industry; 

Transponation industry: 

Furniture uldustry; 

Textiles and carpet industry; 

Construction industry; 

Since PBDEs are present in these end of life material flows they ender different 
recycling schemes and are relevant for the recycling industzy 

ssc.UNEP. UNlOO. UN/TAR. UN (10/5): Guidance on btsllNailable ttclllliques 
alld bur environmentalpro"t'usfor I"~ rccyclt'lIg onddisposol ofwasles 
cOfl/oi"illgpolybro"li"oudd,phell),1 tthas (PBD&) listed ullder the Stockholm 
COlrvt lllirm 0" Pers{slm( Orgollic PolluttJlIIs. (Drofl) 



.. Electrical and electronics indu:3try~ 

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

.. Transportation industry; 

Most presl:!J1t··day PBDEs are used in the transportation in conveyor belts; rubber 
pipes for insulation; and the textile coatings of seating in automotive, aircraft, and 
trains. 

• Fumiture industry; 

PBDEs have also been applied to back coatings and impregnation for carpets, as 
well as furniture coating in homes and office buildings, and PBDEs are added into 
polyamide polymers as coating fOf furniture. 

• Textiles and carpel industry; 

Fabrics; curtain; caIpe~ coating, ect 

e Construction industry~ 

PBDEs are incorporated into potentially flammable construction materials to slow 
down andlor inhibit combustion. Polyurethane foam containing PBDEs is also 
usOO for :sound insulation. 

Material flow c-PentaBDE containing articles 

It is considered that berv.reen 90% and 95% of the use of c-PenlaBDE was for 
the treatment of PUR foam. These foams were mainly used in automotive and 

applications. Minor uses included textiles, printed circuit boards, 
. sheets, conveyer belts, lacquers and possibly drilling 

oils. (yNEP, 2007) 

UNEP. 2007. &porJ 0/ the Persistent Organic Pol/wants Review commillee on 
Ihe work 0/ its third meeting - addendum. Risk managemem evaluation on 
commercial penfahromodipheflylether. UNEPIPOPSIPOPRC 312 01.4 ddi 

? 

The main former use of c-OctaBDE was in acrylonitrile-butadiene·styrene 
(ABS) polymers, accowuing for about 95% ofc-OclaBDE supplied in the EU. 
The treated ABS was malitiy used for housings/casings of HE, particularly 
for cathode ray tube (CRT) housings and office equipment sllch as COpying 
machines and busi.ness printers. Other minor uses Wen! high impact 
polys\yTene (HIPS), polybu'ylene l"r"Phthaiate (PBT), and polyamide 
polymers. Although the majority of these polymers were used in electronics, 
there wa:,. also some use in the t.Ia.n.sport sector 

Other minor uses found in literature include nylon, [ow density polyethylene. 
polycarbonate, phenol formaldehyde resins, unsatw"aled polyesters, adhesi\'es 
and coatings. (yNEP 2010 a,b) 
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DecaBDE is widely used in rubber, piasties, fibers and other materials 

3S additive O:srnc retardant, 
 I i,'",: ::,:: .,:. ..·.'c. :':,.: 
o.c.BDE is now acknowledged as POP by the POP Reviewing 
Comruilte and will be recommended to be listed at tile next Stockholm 
Convention Conference of Parties. 

l>tt;l·:. 'WN'.·J. b.:~.t:tl 1:'!;>.;~. hetCCIt 

.: 	 .. 

• 	 The pers.islenoe ofPBD£ compPo~P~e environment is well documented. 
The only relevant degradation pathways identified until now are photolysis., 
anaerobic degradation and metabolism in biota, acting through debromination 
and producing other BDE which may have higher toxicity and 
bioaccwnulation potential. m 

• 	 Main routes of h,unan CXJX>Sure to PBDEs include ind~,posure b)' e.g. 
ingestion of (house) dust, inhalation of PBDE<ontaminated air and possibly 
skin contact. Also food intake cause additional PBDE exposure. Furthermore 
occupational exposure is relevant 

• 	 Moreover, PBDEs were aU detectable in the collected human tissue sample;, 
such as pla«''lltas, umbilical cord blood, breast milk, blood and serum, hair, 
kidney, liver,. and lWlg~ some reseaJ'ches showed signiJjcant statistical 
differences between the hwnan in the exposed areas and control areas, which 
showed that they had entered the subjects' bodies through tile envirorunent and 
dietary exposwe. 

hr:p'..~·~..IY,;I.f;.o:. 

Global comparison of PBDEs in human milk 
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Use and human exposure of POP-PBDEs 
PBDE human milk levels from 3rd WHO study for the  
different regions show high levels in USA.  
Largest use of POP·PBDE in North America with specific  
flammability standards for e.g. furniture and transport.  

2:-:, 

2ro 

~ It£> II 
Ii 

1~ .co 

_L-I .... 

:.,.i~i <-.f>::~,/' ,;l <;./' J/ ':i/ j>',l ,': ,/:;/~' g 
z,7 'M:.tlisch R (2003) n:sulls3rd WHO hum:.ln milk s:urve 

.1: ..... ..." 
I ~':. -:.·..J, ·;.;~;.;C ~··'-'::~ ~....l, H-;:X...:'~ ". ~. :~. ~ " " -.!. c, , (,· It ~,..¥!.;:. ~ e:", 

According to Xing et al. (2009), residents living near an e-w3ste recycling 
area in Taizhou had higher concentrations ofPBDEs in breast milk (with a 
value of 59.3 nglg lipid wt) than those at other sites (Leung et al., 2010) 

Compared ,vilh the e-waste recycling sites, breast milk samples from 19 
provinces in China (non-e-WaSh!-recycling sites) had low levels of PBDEs 
(mean: 1.49 nglg lipid WI, ranging from 0.56 to 3.5 ng/g lipid 1\'1) (Ni et 
aI,2013). 

References: Q. Song. J. LI / Env;ronmellllulemoliol1ol6S (2014) 81-93 



• Dispo;;al orPOP·PBDE-<Xlntaining mat.rials to landfills• ""'''gyilTlllrerial """'very li:om POP-PBDE-containing malerials 

Ih.lrlJispo,oi" (Ba,ul ConvenliOn, 2002) 

POP·PBDE·containing materials like WEEE 

Contacts~ 

Basel Convention Regional Centre for Asia and the Pacrnc 
Stockholm Convention Regional Centre for Capacify~btllfding and the Transfer 
ofTechnology in Asia and the Pacific 
Add: Sino-Italian Environmental a(ld Energy Building. TsinghlJa University 
Tel 85 10 62794351 Fax: 86 10 62772048 
Email: 
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Workshop on Sound Management of PBDEs and Phasing-out 
Opportunities in Developing Parties 

27. November 2015, Colombo, Sri Lanka 

Guidance for the inventory 
listed under the Stockholm 

Convention - a tiered approach 

Dr. Roland Weber 

POPS EnVlfonmental Consulting, Germany  
roland, weber10@web,de  

BDE Inventory Guidance 

Guide to identify/quantify articles containing POP·PBDEs 
in imoort/exoort, use, recycling and wastes; 

to estimate information 
r.mnnlptp the inventory; 

• Give information for prioritization in POP·PBDE action 

Why to develop a POP(-PBDE) Inventory ? 

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

• 	 It allows the assessment whether the curren! country 
situation meets the SC requirements and where no!. 

• 	 It provide 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,  

Content/Structure of 
I 

STEPS TO CONDUCT A POP·PBDE INVENTORY' 
1 Planning ofthe Inventory 

1. National inventory team: 
• Mulli-stakeholder inventory team wilh necessary competences and 

access to relevant inventory informalion for the differenl seclors, 
• This team would comprise government ministries (chemicals and 

waste customs, private sectors, NGOs, research 
(working on and resource/waste management and possibly 
material nows) , 

2. Identification of stakeholders 
• For the different sectors key stakeholders need 10 be contacted 10 

get access to the necessary information in the different sectors, 

"'---~"j'--	 on the needs and availability, stakeholders could  
leam members or just support with  

data/information.  

MRS.TISSERA
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Step 1 - Planning of the Inventory 

3. Objectives and scope : 
Setting objectives of the inventory and decide on scope 
considering the national circumstances 
Use outcomes of initial assessment for scope setting 
Consider availability/need of resources and capacity 

4. Development of workplan: 
For the different inventory sectors 
Setting time frame 
Allocation of resources for planned activities 

Step 2 - Choosing Methodology for data collection 
(Tiered approach) 

id entified 
st .. keholde ,s 

Desk study. 
(onsull at ions with 
s1 .. kcholdels. 
inform ..tion (,om 
custo ms 

Oulputs/results 

:Il::====±:====::;:::"":>:> ~~::: in k~' sectors I 

Qu antification: Se-a\e of 

Ovcrvic'w of foeal sectors! 
Ddinil ion of5cope 

IComplex ily of in...e nlory I 

Inventory EEE and WEEE 

The inventory of POP-PBDEs EEEMlEEE should address: 
Imported (second-hand) EEE and WEEE 
EEE stocks (in use and stored) 
EEE entering the waste stream (WEE E). 
Recycling of WEEE polymers (own/imported polymer) 

Step 1 - Planning of the Inventory  
Development of the workplan(s)  

The core inventory teams are expected to develop a work plan 
for the inventories, which can be discussed with the 
stakeholders. Elements of a workplan include: 

Identification of the sectors and inventory strategy;  
Methodologies to be used (in inventory guidance);  
Activities needed and assignments;  
Resources allocation including responsibilities and budget;  
Ttmeline and milestones.  

The inventory team may need to augment and revise the work 
plan as the inventory proceeds. 

Step 3 - Collecting and compiling data from sectors 

~~ 

L 
FURNITURE, MATIRESSES, CONTAMINATED SITES 

TEXTILES, RUBBER 

POP-PBDE inventory plastics in EEEfWEEE 
Inventory considers relevant life cycle stages for data 
compilation of POP-PBDEs in plastic of EEEMlEEE 

Import 
EEEMlEEE eee in 

(Soetion4 .3.4 .1) usektoc k 
(Section4 .3.4 .2 

12 
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EEE and WEEE 
Development of an in-depth inventory 
c-OctaBDE in CRT devices can be calculated as follows: 

MpBDE(i) = MEEEUl * %(Polymer) * Conc PBDE(i)/Polymer 

Information is needed about the amount of (W)EEE in the  
country, the share of the relevant polymers in different  
(W)EEE categories and the content of POP-PBDEs in those  
polymers.  

Adopt of a three step approach: 

1. Inventory of stocks and flows of EEEIWEEE in the  
country.  

2. The estimation of the polymer fraction in relevant EEE  
and WEEE containing POP-PBDEs.  

3. Estimation of POP-PBDEs content in the polymer fraction . 

! I 

PBDEs measured in WEEE plastics (EU 2010) 
Penta I Octa Deca Deca 
BDE BDE BDE BB 

Cooling and freezing appliances (all I ABS 
plastics, except foams) 

• 7 

Step 3 - Collecting and compiling data from sectors 

fCt ~~';-lr'" ~~

CONTAMINATED SITES 

' 

FURNITURE, MATIRESSES, 
TEXTILES, RUBBER 

POP-PBDE content in the polymer fraction 
• 	 The data for c-OctaBDE content in WEEE polymers fractions are 

derived from a study in 2010 in Europe in different countries 
Category/Article 

3 [CT equipment without monitors 

Total PSDE fPOO{ (in kg/tonne) 

Minimum Ma:llimum Mean 

0.05 0.4 0.225 

4 Consumer 
monitors 

equipment without 
0 .15 

3 CRT monitors 
0 .14 10.6 254 

4 CRT-TVs 
0.05 3.54 0.87 

Source: W:lger el al. (2010) RoHS Substances in Mixed Plastics from Waste Electrical and 
Electronic Equipment. Final Report. 

• 	 Restriction of Hazardous Substance (RoHS) Regulation EU is 
1000 ppm PBDE (1 kg/tonne). Also suggested as provisional 
Basel Convention low POPs content for waste. 

POP-PBDE content in the polymer fraction 
• 	 Are the data representative for other regions? 

• 	 Study on E-waste plastic in Nigeria. 
• 	 Same order of magnitude in CRT casings (total 382 casings were 

sampled and screened and analysed for PBDE). 
• 	 In the Nigerian study the CRT casings from TVs had higher values 

(0.69%) than the TV CRTs in EU study (0.1 %) (Nigeria has very old 
TVs in stocks). Opposite with computer CRTs (0.1 versus 0.25%). 

• 	 Therefore there are some regional differences in the PBDE content. 
However the concentration range seems the same. 

• 	 On the long term the average concentration of c-OctaBDE (and c-
PentaBDE) will decrease along with the phase out of c-OctaBDE, 
Therefore on the long term these impact factors will change and will 
need an update. 

• 	 However c-DecaBDE will be listed in the conventions and by this the 
values of PBDEs listed in the Convention will increase considerably . 

Transport Sector 
' -<.p'" 

Large material flows of goods and waste: 
- Cars, busses, trucks, trains, planes, ships 

End-of-life management: 
-	 Recovery of materials and of managing pollutants. 

POP-PBDEs in transport: 
- C-PentaBDE: major use in flexible PUR foams 

(seating; head rests; car ceilings, back-coating of 
textiles). 

- C-OctaBDE: Minor use in plastics parts 
door panels, steering wheels; bumpers). 
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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 

I Import 
i potymers-
I for-recycling 
I(Section5.3.10; I i I 
I section4.3.4.4) I L ___-' 

SC Guidance formula used for 21 

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 c-PBDE in PUR foam is published and the levels  
in treated name 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.  
of 20 cars where treated with c-PentaBDE (regional factor of 0.05).  
It is known that Europe and Japan phased out c-PentaBDE in the 1990s.  
Therefore for both regions the impact lactor 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. Bestwould be monitorings of large  
sets of EoL vehicles with XRF and then confirmation analysis (with  
information on producer, year and production origin) for better factors.  

PBDE inventory in other (former) uses 
Olher use sectors of POP-PBDEs (furniture, mallresses, textiles,  

cons1i'uciion materials, llibber, and drilling operation) are thought  
to be of minor relevance for most countries due to:  

• 	 Relative low overall use volumes of POP-PBDEs in mosl of 
these other application (except furniture for which a large 
share of c-PentaBDEs was used in PUR foam); 

• 	Lack of flammability standards in mosl 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 articles 
from countries with flammability standards and related stocks 
(e.g. export of furniture from US or UK). 

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-PBDEs content of vehicles forthe different 
categories (cars/trucks or busses) in the live cycle stages: 

Amount of POP-PBDEsVehlclc category = 
Number of vehiclesca,egory (manufactured 1975 to 2004) x 
amount POP-PBDEsc.tegary x F,eglan.1 
Where: 
"'Number of vehiclesca''90rt is the number of vehicles (manufactured 
1975-2004) present in a category (car, bus or truck) calculated for the 
different life cycle stages. 
'"Amount POP.PBDEs"",ego'Y is the amount of POP-PBDEs in a 
individual car, truck or bus treated with POP-PBDEs 
"'F,,,,,Jon.o' The regional factor of percentage ofPOP-PBDE impacted 
vehicles produced in a region (1975s to 2004) 

CONTAMINATED SITES 

22 

Step 3 - Collecting and compiling data from sectors 

FURNITURE, MATTRESSES, 

RUBBER 


PBDE inventory in other (former) uses 24 

• 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)  
is/was 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-PBDEs in rigid PUR foam.  
(Considering that the main use of HBCDD is in insulation  
(XPS and EPS) the sector will become more POPs relevant.  

,r'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.  



Landfill and surrounding 
from leachate from 
POP-PBDE- containing 

Non BAT-incineration of POP-
PBDE containinh waste 
ulscnaroe of POP-PBDEs via 

wastes 

Thank you for your !!ltt""ntin 
More Information 
Basel Convention: www.baseUnt 
Rotterdam Convention: www_pic.int 
Stockholm Convention: http://chm.pops.intf 
Montreal ProtoeollVienna Convention: 
SAICM: http://www.saiem.org! 
POPs phase out &. alternatives http://poppub.bcrc.cnl 
OECDIIOMC: http://www.oecd.org/chemicalsafety/ 
Science: www-ipcp.ch; http://greensciencepoticy.org/ 
NGO: www.ban.org;www.ipen.org;www.ihpa.info; www.chemsec.org 

Better·world·links: ;;;iI;;.;=;;~ 

Application sites of sludges Agriculture land 
containing POP-PBDEs 

29 

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  
develooment of an Action Plan for POP- PBDE containing  

and updating the NIP. 
nA"A~~"F\J aclions will be valuable 

used for applying for funding 

5 - Preparing an il1ventory '0 

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. 



Stockholm Convention POPs - From 

COIhen: 

OTBBP-A epoxy ollgomtrJpolymer 

CSromln.Jttc:l potystyrtnt 

ClTBBP-A pgtycal'tlonatt oUgomer 

CSIs(trlbromopheno;cyJeth. n t (BT8rf'E) 
-Trtbromophcnol (TBrP) 
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Annexes to POP-PBDE Inventory Guidance 

Annex in inventory 

• SC4/18: Listing of tetrabromodiphenyl and pentabromodiphenyl ether 

• SC4/14 Listing of hexabromodiphenyl and heptabromodiphenyl ether 

• List of EEE/WEEE inventories from developing countries (with web-links) 

• Questionaire for gathering information on EEE/WEEE 

• Questionaire for gathering information on transport sector 

In Annex or otherwise available on UNIOO/Secretariat website 

• 	 Case study on inventory of PBOEs in electrical and electronic equipment 
(EEE) and related waste (WEEE) 

• Case study on PSDE in the Transport Sector 

I 
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Trends in the annual consumption of 
Flame Retardants in Japan (1986-2008) 
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Source: I. Watanabe, 5th International Symposium on Brominated Flame 
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ASSESSING POP-PBDEs and BFRs IN E-WASTE  
POLYMERS IN NIGERIA  

~h\~!l!£\tI11Nrf.1Ji.~l}'o~iH3'r\\W~~'MISn1rr1J~r§~KIB~p M4, 

Ibadan, Nigeria; Weber R' 

2Basel Convention Coordinating Centre for Training &  
Technology Transfer for the African Region, University of  
Ibadan, Nigeria;  
3Fraunhofer-lnstitute for Process Engineering and Packaging,  
85354 Freising, Germany, 4Empa Technology and Society  
Lab, 9014 St. Gallen, Switzerland;  
spOPs Environmental Consulting, Ulmenstra: ~~ 


Goooinaen. Germanv '  
UNIVERSITY OF ISADAN This study is a collaborative research between 

l\Ur,\ ·I . ·;-:; "·;':'~ Stockholm Convention Secretariat, Geneva; the 
Basel Regional Coordinating Centre for Africa; 
Fraunhofer Institute Frei s ing, Germany; EMPA 
Switzer1and and the University of Ibadan. 
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Step 4 - Managing and evaluating the data 

Data management 
Assessment what information to use for reporting 
Inventory data would be managed in a database 
(waste database; contaminated site database) 
Data of EEEIWEEE and transport are valuable for the 
(waste) management of these material flows. 

Data shared with other (governmental) institutions. 
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POP-PBDE inventory transport sector Nigeria 
In a pilot project in Nigeria POP-PBDE inventories and material & 
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South-North of monitoring POP- J7 

PBDEs in E-waste plastic in Nigeria 
159 Television samples analysed had c-Oc\aBDE and 

0,1% to 29,00% with 

was 0,05% (See Table 1) 

Brand Year of 
manufacture 

Consumer Color TV )986 
)986 
1989 

Germany Saba Color TV J983 
Germany Saba Color TV 1988 

Pi' {"I..:r ;\ll<) ',J;_I (',1(11!lhl HillJ 
I{' ',9S HI \1 .~OO5 

I'CCRT I l)jr, ((,ld"_1 C f lrull[ll; _~fHlJ 

• Based on WEEElEEE 
the stockholm Convention PUP+'HI Jt' 

to calculate the total BFR content 

soooooo 

4000000 

3000000 

plastic in 39Material 
•s~g~1ftow of WEEE plastic in 

$1QoCk$rll 

4, 
Inventory team - working group organisation 

Inventory team POP-PBDE in polymers of transport sector 
• Polymers in vehicles is a component of an inventory of trans.port sector 
• Multi-stakeholder inventory team with necessary competence, and 

access to relevant inventory information. 

• Task team leader POPriPSDE in polymers transport (inventory transport sector) 
• Ministry of transport or other ministry respons1ble for transport sector;  
" M!nistry responsible for waste management;  
.. Association of Importers and exporters of cars and vehicles;  
• Retailers of vehicles (in particular, second·hand 'Vehkles); 
• Association and/or main stakeholders 
• Association and/or main stakeholders of polymer recycling;  
.. University groups working on matenal flows or transport Issues;  
• NGOs working on transport; NGOs working on  
.. Other relevant stakeholders in the country .  

EEE and WEEE  
Cathode Ray Tube (CRT)  

• c-OctaBDE in CRT devices can be calculated: 
MpBDE(i) =No CRTs/capita (Region) x population x  
MpBDE/CRT  

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

• 	 CRT monitors (lVs 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-PBDEs in the EEEIWEEE sector in the country, 
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EEE and WEEE Preliminary inventory-
Cathode Ray Tube (CRT) 
MpBDE(i) =No CRTs/capita (Region) x population x MpBDE/CRT 

CRTs/capita (Region) is compiled in the guidance 

43 

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 
i25kg .. I'd".' In ... 1 __ . ,.

Total welt:"' 
CtJuntry!Rcz;lon ! (lO'IOI'InCS) 

"'''~~'''''~I' 
I'MI~d'~~"""W~.~~1 

l.ioC."'''". 

I~"'''''''''''''''' 
, ........... "''1~'!<) 

-,~ 

'''''''' 
CRT_IgTrt/p ...."n 
(kg/u"ln) 
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Guidance provided by the monitoring documenf 
The document pro\lides 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: 
• 	On articles and producls possibly containing the POPs listed in 

2009 and 2011; 
strategies for monitoring of POPs in articles/products 

streams; 
• On inventory development aspects such as determining 

emission/impact factors; 
be used for import control and possible monitoring at 

or at consumer protection level; 
useful for the assessment of human exposure through 
use and through recycled materials. 

Workshop on Sound Management of PBDEs and Phasing-out  
Opportunities in Developing Parties  

27. November 2015, Colombo, Sri Lanka 

Introduction to draft "Guidance on 
and Analysis of Persistent Organic 

Pollutants in Products and Articles" 
Relevant to the substances listed in Annexes A, Band C  

to the Stockholm Convention on Persistent Organic Pollutants  
in 2009 and 2011  

Or. Roland Weber 
POPS Environmental Consulting, Germany 
roland.weberl0@web.de 

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

1.3 Types of articles and products: 
and other material, which may 

in 2009 and 2011 (Annex 1). 
nnl'",n:tj"llv POP-PBDE containing articles and 

materials are 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. 

for listed 2013 chemical (HBCD). 
2015 chemicals (PCP/PCA; PCN) 

by for monitoring PBDE 
in articles and products 

Step 1: Survey of products and articles possibly containing 
POP-PBDEs 

survey would be conducted to 
presence of consumer products in 

conlain POP-PBDE. 
contain POP-PBDE and 

further used in plastic from WEEE recycling or 
polyurethane foam different end-of-life products) 
would be targeted considering the need 10 register for exemptions 
for POP-PBDE .in recycling. 

• Stakeholders for the different use 	 might be contacted for 
support and input and possiblv for ng samples. Relevant 
stakeholders \0 be contacted different use categories are 
listed in Annex 1-8. 

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 
elaborated for the major POPs groups. 

2A Step by stt:P approa(hn 	 .. 1 

2.4,1 	St~p 1: St!!\,\WQf tlrOOUtb and article..; (ontaij":\np rops listed in 2009 dnd 2Ql1 ,.". 

Stc~l) 2: Sample (olieC\t('ol) 

Stt'!'p ,~'. OptJof'l;li (flJrthH) 'l.creenine in the i<tbot",tOf'l .. 

2.4,4 S-tep 4: Quantification".. 
2.4.S Step 5: ()oWfT':entatiOI1"oo reporting. 

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

Anne)( 1-8 lists. 
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by step approach for monitoring PBDE 7 

in articles and products 
Step 2: Sample collection 

might be conducted by research institutions 
on 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 Ihe import or by 

corno,elenl authorities such as factory control or consumer protection 
autholritiE~S and related institutions. 

• For the major POP-PBDE contaminated material flow 'WEEE plastic" 
a detailed melhodology and a sampling protocol has been 
developed in delail in Wager et aL (2010) in Annex 1 
and Annex 2. This sampling strategy and protocol can be applied (in a 
modified in other counlries and regions having shredder plants 
for ofWEEE. 

of sampling of single EEE for screening of POP-PBDE in 
Ray Tube casings of TV and PC is shortly described in 

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

Step 3: Screening in the field or laboratory: 
• The guidance gives an introduelion 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 10 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 10 minimise the lime and pre-
selection of samples) for confirmation  
extraction and appropriate clean-up steps.  

SIep 3: Screening in Ihe field or laboralory 
• Sample articles can be screened for the presence of bromine in the 

field or in with more sensitive instrument So the fietd 
'""r",,·nir,n approach can already be used for sampling. 

pyrolysis-GCIMS can be used for a 
presence other BFRs types). 

• Care has to be taken lhal such melhods without clean-up 
DecaBDE is not to POP-PBDEs, which 

to false positive results. 
• When screening methods are applied il has 10 be ensured that the 

the screening method is more sensitive Ihan (below) 
for the screening (e.g. required from a certain 

methods for bromine as indicator'O 

as screening tools for 
in some recycling plants (see also PBDE 

BAT/BEP Guidelines). These technologies can also be used for 
screening bromine in other materials like PUR foams, textile or ,ubber. 

Seriten!ne 1ilNh¢ds for bromine- (IS indkatlcr, {or I'OP·PBDEsf!:lHH .. .... 34 

• ..... ",n" """.:}? 

Screening methods for bromine as indicator" 
Step 3: Screening in the field or laboratory - XRF screening 
• The X-ray fluorescence (XRF) technology can be used for detection of 

bromine in polymers or other malerials (detection limit 10-100 ppm). 
• XRF analysis is limited to the detection of bromine/elements in the 

malerial, without any capacity 10 identify the type of BFR. compound. 
• Using handheld instruments the lime requirement for a measurement 

is less then a minute. Precision of XRF screening measurements is 
limited and thus relative standard deviations of up 10 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 Ihe different parts need 10 be screened. 

• 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 Ihe 
operator of handling such materials according to national guidelines. 

for monitoring PBDE 12 

in articles and products 

Slep 4: Quantification 
• Different 	 melhods can be applied for the instrumenlal 

quantification 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. 



I.  

Step by step approach for monitoring PBDE I' 
in articles and products 

Step 4: Quantification. 
• 	 Sample preparalion need to be adjusted & optimized to the materials. 
• 	 Care has to be taken that the polymers do not contaminated the 

instruments (MS) and GC-columns. Oplimized clean-up!!! 

44 So(l'Iple pll'paralic.n. ~):~<?<.1ion .)IlC d;:.J"·u;J... 	 .... 37 

~,':.l PfE',J.o1HlIion of p l?!.t i:: ';a~ple~ ... .. . 	 .. 38 

~A.2 (,o;lr.u. t;Oll of POP· PBDF. ..;nd uther 9FR~ from pclymers ..... 38 

4 . 1~,3 ExtidCrion oi fl~)(: ible and (jgld polyurethane i031'f1 (Bergmann 2006) ... ..41 

4.4.4 Sp~HIC :::~n~jderdt!Oil!. on qualit"' as!>ur.;nc.e .. 	 ..41 

Guidance on screening of newly listed IS 

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 updating of  
the draft monitoring guidance.  

Guidance on screening of newly listed 17 

POPs in products and articles (Draft) 

Best practice case studies: 
• Where available, best practice case studies 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 studies or  
publications were selected with reports available in the  
public domain and the access information provided .  

• 	By inclusion of case studies, the guidance endeavours to  
provide information on already performed studies, and the  
approaches used.  

Step by step approach for monitoring PBDE 14 

in articles and products 
Step 4: Quantification. 
• 	 Also care need to be taken for memory effects and contaminalion of 

the laboratory. Laboratory room analyzing such materials can not be 
used for low contaminated samples like food or environment. 

• 	 ECD detectors are sensitive enough for the PBDE amount to detect 
and can be cleaned easier (heating to 350C). 

~.5 Quonril;:ui.... e (ttnd s£lm,·qU;:!rItital l\·e) In:;llysis ... ..... .  

~. 5.1 POP·PBDE rl21c'Ianllo the Stcckholm CO:"JIJcotion ilnd rnCa~ur!?ment standilrds .. 

4.5./. instrument.')1 r.nd \ ~·s i!\ of pop·rSOEs .. ...... . 	 ...4 

4.5.:1 Example of <l GC/M,) 'i!!'t~ln~ fI.'"ld p"rametc~ for Pop·PBnEs lalla HB8j .. .. ... 4 

45.fi Il1t~roCition.;i and natlo~al S!.CIndeftls forrSDE cirlCi I 'l~;s .. .. .. 4 

4.5.5 R<l~'id Li o::'lcrmillJ lir.m t~c h !1I~.p.JC!i (or PBDE alluly:;i::. ..... ith minimb,ed cledrl·up ........... 4  

4.:'.6 c.omrn('rci.:! ;Jvi!iiability of peDE flrlfl l ','sis ... 

Guidance on screening of newly listed 16 

POPs in products and articles (Draft) 

• Where possible, links are made to eXisting international 
standards for analysis of a particular POP. 

• 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 IEC 62321) in respect to RoHS compliance is under 
development and might become available in 2013. ' 

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

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 a good case study (not to repeat!) . 

• 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). 

• New case studies can be added and linked. Best if they are 
described as a case study in the internet (as publication or in a 
report available in internet to be directly linked), 
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Thank you for yourPOPs in products and articles (Draft) Questions?Approach of case studies 

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

(d51!: stud:!;:;; of PBOE scree-ni.'"lg I1lycdvcU., articles 

Monilonng of PiJ,OF'~ in '/iECE pl;;~tic in.;:U {;N;jgH et dL 201':};'. 

Deif"nnlf(,)tl<JrI of POP;.·pgor .'1n,;1 Bf.Rs m wHf r,lil:.tic:s in Niger!;) 
/.012)8(; 

MOI1I:orinn 01 BFR:; 

MOf'imlrine of PQP-PBDE in children i,OyS.. 

Need of further improvements of the draft 21 

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 (HBCD) (draft is 
developed and currently assessed in the laboratory) 

• Inclusion of new lisled POPs (PCNs, PCPfPCA)-

of newly listed 
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 

:!3 	 14 
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31 

Japan technology 

http://www.pops.int 
ssc@pops.int 

Guidance on screening of newly listed 21 

POPs in and articles (Draft) 
1.3 Screening approaches for newly listed POPs: 
• The guidance has compiled approaches for sceening of 

newly listed POPs in articles - PFOS 

21 

.. 2l 

24 

.. ... 2. 


,_ 24 


S<:H?t:nine or Pfe's ~!HI rel.)ted 5~/bHJ:1(8!.· HS·6C-E!-M5 Of HS·G(~(!·MS ... 1') 


3,3,8 ~<:fefnf!~g of PFOS 3!i(t re:attd ~l/b)tar)'f!> in artldes v.1th DARl ·laf 

3,3,9 S ... r("enipl; vi PFO~ and fiFe:; in "nkk-j wilh 3C.{'.HJt(" rr,~s.s byHRMS". 

!h...!OrilH:'/or£;)notluO(;Ilc cherni;:af; '-" 

ScIf.'E'mng of Fluorine v.'ith WD-XRf-An,3Iy'Silo ,. 

3.3.4 Fluorif1(: "aF,("Hing with :<;F Nl'vlR sp€'ctro.scopy (Tri<?!" lOll, Ellis H aL :lOCO} .'. 

'Srn:€'OIf1€ of Fluorine. Sliding rp$rk sp.ectro;COPt' !Wel! et al. 2011:. 

3.3,6 'Scl'ct?ning of Fluorin€ PE...T·GC·£PED {Woh 21.3L lOll} '" 

Guidance on screening of newly listed 2. 

POPs in products and articles (Draft) 

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

mailto:ssc@pops.int
http://www


What are the analytical future challenges? 
How many potential POPs in use? 
574 Potential POPs 193 Chemicals ''very POP" group 

ltuo.,)nat.ed 
.. chlorinated 
:": b.'omlnaled 

iodinated 
III severa! hatogans 

00 ha!ogsns 

M. Soherlnc.r.1 al.. 120121. Almos. Poilu!. Res. 3 001: 10.5094IAPR.2012.044 

26Guidance 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 S(udles .. .82 

C:r;Se ~tlldl€'s of PElDt: SCf€'E'nini:: in pro<!Ln.:t\ .. rtictE's dnd VJ.'l;:t!?s .. ..86 

Monitoring of PEDEs. in WEft p!a:){ir in HI P/,f,agE-t" E't al. 201O~,. ... 86 

Deteflnin..ltton of POPs-PBOE 3!l{i BFRs III \VUE plJstio in Nigeria (Sir.dil\u oat ai, 2011 Jmi 
2(12)36 

Monitoring of 8FRs. in pOiymers of el€ctronic!:. Oli )"!lis.s market iBdllt€'lrn,wfl et ..;1.1010).38 

Monitoring POP·P9VEs: in carpet r('l)ond from recycf-.;d PUR fo.am (DiGangi +:::l.31. 2011) ... S9 

Monitoring of POP-f'EtDEs. ilnd other flame tE't.HOJr.b in bdby pr()a~ICb (StJpl€'tc'n ~t J!. 
2011) 90 

Monitoliflg 0;' POP-PBDE in ch1!drPIlI,oy,;,., .. ~IO 
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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 cas.e s.tudles ...•.. . ......•.......... 82  

Case studies of PeCSz, HCB .2nd PCDD/PCOF in article!. ~,:;ncl prodUcts ..9 

Screening of unintE'ntion.,;Hy POPs. in lhlor";lilqulJ l"t CIt 2012)"" .. 92 

1\:Jonttoring of HCS in {Government of laJ:Mrl 2006 and 2007 } .... 92 

MonItoring of pestki<it~ for unln!frttiooally POPs (HU~ilg et a!. 20l2', Holt ft al. 2010) .. 
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ase studies on PBDE and HBCD monitoring 
in articles, products and waste 

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

to (useful) monitor PBDE in articles 

• 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 countries, there is a risk that similar 
monitoring studies are in several countries adding no new 
information and wastlng time/resources hardly available. 

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

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

of Guidance on screening 
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 and methodologies (sampling 
and analysis) - and to to this (not to repeatl). 

• 	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 listed/linked on POP-PBDE in articles/products. 

ANNEX 3 Case $h.ldie~ .. ".82 

(M;;;:- .Hudie'.• \'If PSDE ~tf&pnl!1e in p'O.J'1l !'S>• .'II t~(I,-,,'.. ",n,i ;/'''~~.i''i" .. ""S6 

MQrHtoring of por~pso£$ ~nd other tlame ~tarcidl1H in \);)IJ.. PH;'t1tlttz {'>tap;et""1! e: ,~L 

• "1) 

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

The study gives a broad ovelView on the current POP-PBDE content 
of the polymer fractions of WEEE categories in Europe (which 
originated/s largely from imports from Asia as in other regions). 

It further gives an ovelView on other critical RoHS relevant pcllutants 
in plastic which might be relevant today for other regions too . 

The developed PBDE factors from this study are used for the 
Stockholm Convention inventory guidance, 

mailto:O@web.de


Penta 
BDE 

Octa 
BDE 

Oeca 
BDE 

Oeca 
BB 

WEEE 

Category 

Large household appliances w/o 
cooling and freezing appliances 

ASS 
PP 

Small household app~ances 

ICT equipment without CRT- and fiat 
screens 

ASS ASS 
HIPS 

Consumer equipment without CRT-
and nat screens 

ASS ASS 
HIPS 

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

r-- nol detected or at average concentrations clearty(l.e. more than an order of magnitude) below 
the RoHS Directive maximum concentration value (MCV) of 0.1% 
lIIIIerage concentrations below (yellow cells) or In the vicinity (orcmge cells) or the RoHS MeV 

___ average concentrations abovelhe RoHS MCVofO.1% 

XJ()(: plastic type predomln.!lnny cont.!llnlng the subs1ance 

(Source:WligoretaI.2010;W2Igerelal.2012) 

Case Study: Assessing POP-PBDEs and BFRs in  
CRT casing plastic in Nigeria  

SindikuOK1, 8abayemi J.O', Osibanjo 0 12, Schlummer MJ I Schluep M~. Weber R5 

'Department 01 ChemislJy. Faculty 01 Science. University ollbadan. Nigeria: 
18asel Convention Coordinating Centre for Training & Technology Transfer for the 
African Region. University or lbadan, Nigeria: 
JFraunhorer-lnstifute for Process Engineering and Packaging, 85354 Freising, 
Germany. 'Empa Technology and Society Lab.9014 St. Gallen. Switzerland: 
'POPs Environmental Consulting. Ulmenstrasse 3. 73035 GOppingen. Germany 

~~ 
UNIVERSITY ;~.~- .1~~1~ Tllis study is a c~"aborative ~esearch 

Geneva; the 
fOf 

Germany; 

beLweenl 
stockholm Convention Secretanat, 
Basel Regional Coordinating Centre 
Fraunhofer Institute Freislng, 
Switzerland and the University of Ibadan. 

l,;ase ,=>way: ASseSSing t-'Ut-'-t-'I:)UI:.S ana 
BFRs in CRT casing plastic in NIGERIA 

·5 samples out of the 159 Television samples analysed had c-OctaBDE and 
relaled POP-PBDEs with concentration ranging lrom 0.1% 10 29.00% with 
an average concenlration for all 159 TV samples of 0.69% c-OclaBDE. 

• 3 samples out of the 224 computer CRT sample screened for BFRs had c-
OctaBDE with concentration ranging from 0.87% 10 5.09% with an average 
concentration recalculated to total polymers of the 224 computer CRTs 
was 0.05% (See Table 1). 

TV and PC CRTs where OctaBDE was detected > 0.1 % 
SAMPLE 

Type 
Conc.ofc-
OctaBDE 

(%) 

Country 
(production) 

Brand Ye ar of 
manufacture 

TV CRT 29.00 U.K ITT Consumer Color TV 1986 
TV CRT 6.41 Cermany Saba Color TV 1986 
TV CRT 0.10 China Anlle-ch Color TV 1989 
TVCRT 0.66 German ' Saba Color TV 1983 
TVCRT 5.93 G ermanv Saba Color TV 1988 
P('<'~ Rl ~)I<) l. .. ~ ...~ I :MIlP:I, :00.1 
{WeRT 0. 16 l'. ~ . . \ 1n.\T ! OO 5 
['C C R(" I·I.S~ l-:-hill:L '·(ItIl1H I Q 1I Jl\~ 

nces In 

CRTTVs 

Case Study: Assessing POP-PBDEs and  
BFRs in CRT casing plastic in Nigeria  

Specific features of the case study on BFR screening and PBDE in 
WEEE plastic are : 

• A sampling methodology of CRT polymers for individual electronics 
and for countries having no shredder plants (and where the EMPA 
approach is difficult to apply) have been developed. 

• Bromine screening was applied and POP-PBDE content separately for 
the different main importing regions (North America, Asia & Europe). 

• Product specific information (producer, product name & year, region of 
origin) on POP-PBDE/BFR content in the CRTs products specific. 

• With.the generated data set POP-PBDE impact factors for plastic of 
TV CRTs (6 .9 kg c-OctaBDE/tonne TV CRT plastic) and computer 
CRTs (0.5 kg c-OctaBDE/tonne PC CRT plastic) in Nigerian. Based on 
the EEEIWEEE inventory of Nigeria these impact factors have been 
used for developing the POP-PBDE inventory for Nigerian EEEIWEEE. 

POP-PBDEs and BFR inventory Nigeria (TV-CRTs) 
• Based on WEEE/EEE inventory of Nigeria and the melhodology of 

the Stockholm Convention POP-PBDE inventory guidance and the 
national adjusted emission factors a PBDE inventory was developed. 

TV 
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• For robust impact factors eilher hundreds of single samples need to 
be analYsed (Niaeria) or composit samples from shredder (EMPA 
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• 	 The Swiss competent authorities monitored in 2000 consumer 
products the presence of brominated fiame retardants including 
electrical devices, building materials and lighting equipment. 

• 	 The aim of the survey was to evaluate the compliance of commercial 
articles with the provisions of the Swiss restrictions on BFRs: In 
SWitzerland, the placing on the market and use of PBBs, c-
PentaBDE, and c-OctaBDE as substances on ITS own, as well as in 
preparations with contents of each of these BFRs equal to or 
exceeding 0.1 % by mass is prohibited. 

• 	 Only 2 from the approximately 2000 samples contained c-OctaBDE 
above the 0.1 % RoHS threshold. 

Specific features of the case study on PBDE and other RoHS relevant 
substances in WEEE plastic are: 

The study is a comprehensive market survey with a three step 

Specific features of the case study on PBDE and other RoHS relevant 
substances in WEEE plastic are: 

The study is a comprehensive market survey with a three step approach 
to monitor brominated fiame retardants in contemporary products 

Screening of BFRs in products 

Analysis of the bromine posITive samples for prohibited POP-PBDEs 
and common used fiame retardants 

Scanning of bromine positive samples where the BFR wsd not 
determined to screen used/new brominated fiame (Zennegg et al. 
2011) 

Santelmann E. Ammann A, Nlif U, Tremp J. (2010) Brominated flame retardants in products:  
Results of the Svwriss market survey 2008. BFR 2010, April 7-9. Kyoto. Japan  
http://vMw.bfr2010.com/abstract-downloadl2010/90004.pdf.  
Zennegg et al (2011) Identificalion of ·Novel~ Brominated flame retardants in new products of the  
SWiss market Organohalogen Compd 73, 1238-1241 hHp:lfMvw.dioxin20xx.org/pdfsJ201113101.  

Case Study: AsseSSing PBDEs and BFRs In 

new products on the market in Australia 

• A three-tiered testing strategy comparing results from non-destructive 
testing (X-ray fiuorescence (XRF)) (n =1714), a surface wipe test 
(n=137) and destructive chemical analysis (n=48) was undertaken to 
systematically identify BFRs in a wide range of consumer products. 

• XRF rapidly identified bromine in 92% of products later confirmed to 
contain BFRs (rem: the 8% probably contained non extractable BFRs). 

• Surface wipes of products identified tetrabromobisphenol A (TBBPA), 
c-octaBDE congeners and BDE-209 with relatively high accuracy 
(>75%) when confirmed by destructive chemical analysis. 

• A relationship between the amounts of BFRs detected in surface wipes 
and subsequent destructive testing shows promise in predicting not 
only the types of BFRs present but also estimating the concentrations. 

Gallen et al. (2014) Towards development of a rapid and effective non-destructive testing strategy 
to identify brominated FRs in plastics of consumer products. Sci Total Ertviron. 491-492:255-265. 

The study gives an insight on BFRs used in electronic products 
imported to the European market. The study shows that the POP-PBDE 
content in current products on the Swiss (and therefore European) 
market is small. From the approximately 2000 samples: 

Only 2 contained c-OctaBDE above the 0.1 % RoHS threshold. 

17 samples contained DecaBDE above the RoHS threshold of 0.1 % 

The study further gives an overview on other critical RoHS relevant 
pollutants which is relevant for other regions with RoHS like legislation 

The results of the third screening level of unknown BFRs in the samples 
by EMPA revealed that some of these samples contained e.g. 
hexabromobenzene or pentabromobenzene where the chlorinated 
analogues (HCB & PeCB) are prohibited by the Stockholm Convention. 
Bantelmann E. Ammann A. ~f U. Tremp J. (2010) Brominated flame retardants in products: 
Results of the SoMss market survey 2008. BFR 2010. April 7-9. Kyoto. Japan 
http://www.bfr2010.com/abstract-downloadl2010190004.pdf. 

Case Study: Assessmg PBDEs and BFRs In 
children/consumer products (Washington State) 

• 	In 2012-2013, the Washington state Department of Ecology assessed 
the presence of fiame retardant chemicals such as PBDEs, HBCD and 
other fiame retardants in general consumer and children's products. 

• 169 products from 30 retailers in Washington State were collected 
2012/13. Product types were seat cushions, mattresses, upholstered 
furnITure for children, electronics, clothing, and baby carriers. 

• The majority of samples tested (94%) did not contain PBDEs above a 
reporting limit of 100 ppm. Therefore manufacturers have moved from 
PBDEs in products available to Washington State consumers. 

• Problematic alternative fiame retardants were still being used. 

Washington State Department of Ecology (2014) Flame Retardants in General Consumer and  
Children's Products. https:llfortress.wa.Qovlecv/publications/publications/1404021.pctf  

https:llfortress.wa.Qovlecv/publications/publications/1404021.pctf
http://www.bfr2010.com/abstract-downloadl2010190004.pdf
http://vMw.bfr2010.com/abstract-downloadl2010/90004.pdf
http:ImponeduJ.td


Case Study: Assessing PBDEs and BFRs In 
children/consumer products (Washington State) 

• A subset of samples were tested for H'BCD, TBBPA and a newer name 
retardant mixture called Antiblaze® V6 (V6). All three name retardants 
were found in some of the samples analyzed. 

• Numerous products were found to contain chlorinated phosphate 
name retardants, in particular tris(1 ,3-dichloro-2-propyl) phosphate 
(TDCPP) but also tris(2-chloroethyl) phosphate (TCEP) and tris(1-
chloro-2-propyl) phosphate (TDPP), and the non-halogenated 
phosphate triphenyl phosphate (TPP). The majority of these samples 
were foam and many were children's products. 

• Overall a number of samples were found to contain a name retardant 
identified as a chemical of high concern to children (CHCC) above the 
reporting limit established in the Children's Safe Product Act 

Washington State Department of Ecology (2014) Flame Retardants in Gene ... 1 Comumer and  
Children's Products. https:llfortress.W3 .~ov/ecy/pijblieations/pubricationsf1404021 .pdf  

Case Study: Assessing PBDEs and BFRs in 
plastic toys (China) 

Specific feature of the study analysing PBDEs and other BFRs in toys: 
"This was the first study to examine the concentrations of PBDEs and 

other BFRs in toys, and the potential exposures to children. 
• Revealed the broad use of recycled WEEE plastic in such sensitive 

use area like children toys. 
• The study highlighted that because of extended periods of play, 

mouthing behaviour, and frequent hand-to-mouth contact, toys may 
pose a significant pathway of BFR exposure in children. 

Chen et 31 (2009) Brominated Flame Retardants in Children's Toys: Concentration. Composition, 
and Children's Exposure & Risk Assessment. Environ Sci Technol 43, 4200- ~~;.._.=,--__ 

AJ" 'vv~vv"'::1 

PBDD/F in polymers in vehicles (Japan) 
• The XRF survey showed that 32 out of 515 materials/components 

investigated (6 .2% of the total) contained> 0.1 % by Bromine weight. 
• These samples were further analysed for PBDEs and HBCD. 

Subsequent analysis by mass spectrometry confirmed that 16 
samples were treated with either the technical PBDEs or HBCDs; this 
result indicates the use of alternative BFRs in the rest of 11 samples. 

• The congener and isomer profiles of PBDEs indicated that 12 samples 
including 9 seat fabric samples were DecaBDE treated materials. 

• Only a set of seat fabric and PUF collected from a foreign car (ELV-1 0) 
were found to be treated with the PentaBDE technical mixture. 

• High HBCD contents were found in only 2 noor covering samples 
(none of seat fabric). 

• Also PBDD/F were detected with highest levels in the PBDE samples. 
Kajiwara Takigami et al. (2014) Brominated flame retardants and related substances in the interior 
materials and cabin dusts of en~of-life vehicles collected in Japan. Organohalogen Compounds 
76. 1022-1025. http://www.dio)dn20xx.org/pdfsI2014/1015.pdf 

plastic toys (China) 
The study assessed the presence of PBDEs and other BFRs (including 
PBBs, 1 ,2-bis(2,4,6·tribromophenoxy)ethane (BTBPE), decabromo-
diphenylethane (DBDPE)) in children's toys from South China. 
'In all samples PBDE or other BFRs were detected. 
• The median BFR concentrations in the hard plastic toys were notably 

higher than values in other toys. The PBDE concentrations were 
below the threshold limit (1000 ppm) required by the European RoHS 
and WEEE directives in all of the toys, except for one hard 
plastic toy with a total PBDE concentration of 5344 ppm. 

• High OctaBDE and NonaBDE indicated debromination 
during production or recycling in some samples. 

• The BFR profiles in the toys were consistent with the patterns of thei'r 
current production and consumption in China, where PBDEs, 
specifically decaBDE product, were the dominant BFR, followed by the 
emerging DBDPE. 

Chen et al (2009) Brominated Flame Retardants in Children's Toys: Concentration. Composition, 
and Children's Exoosure & Risk Assessment. Environ Sci Technol 43. 4200. 4206. 

• A total of 40 End-of-Life Vehicles (ELVs) manufactured during 1993 
and 2004 were investigated at an ELV-dismantling plant in Japan. For 
comparison, 5 currenlly-used vehicles manufactured during 2008 to 
2012 were also included in the study. 

• Interior materials/components including dashboard, door trim panel, 
automotive headliner, car seat fabric, seat polyurethane foam (PUF), 
plastic parts of car seats, noor covering, noor mat, and soundproof 
material were collected from each vehicle. 

• In a first step, a screening survey of bromine in each component was 
conducted by using a handheld XRF analyzer with RoHSIWEEE mode 
and analytical time was set at 30 seconds. 

• The materials/components containing more than 0.1 % by weight of 
bromine were selected for further chemical analysis. 

Kajiwara Takigaml et al. (2014) Brominated flame retardants and related substances in the interior 
materials and cabin dusts of end-of-life vehicles collected in Japan. Organohalogen Compounds 
76. 1022-1025. http://www.dioxin20xx.org/pdfs/2014/1015.pdf 

In 

PUR foam is recycled to carpet rebond in some regions in particular 
North America (see Draft BAT/BEP Guidance on for the recycling and 
waste disposal of articles containing POP-PBDEs). 
• The study was planned and performed from the International POPs 

Elimination Network (www.IPEN.org) (NGO working globally on POPs 
• Monitoring project of POP-PBDEs in carpet rebond was performed 

with XRF for bromine screening and 26 samples were analysed by 
GC/MS. 

• The study combines bromine screening methodology with confirmation 
analysis (as suggested in this guidance document) 

http:www.IPEN.org
http://www.dioxin20xx.org/pdfs/2014/1015.pdf
http://www.dio)dn20xx.org/pdfsI2014/1015.pdf
http:https:llfortress.W3


contents showed a large variation, even within one 

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

,rl" "",m"I.,rl in different world regions covering industrial and 
Onlv some samples from North America 

from recycling of PBDE treated foams 

Case Study: HBCD in EPS/XPS 
foam in buoy in aqua farms (Korea) 

Monitoring of HBCD in Buoy in aquafarms and related oysters 
elevated levels of HBCD in all tested buoy 

aquaculture farms (28-249f,lg/g; median 91 

• To obtain preliminary Information about the impact of EPS 
ofon farmed oysters, the concentration levels and profiles 

isomers were measured in samples collected from 
aquaculture farms (AF) and coasts. Two times higher levels 
of HBCDs was detected in the farmed oyster compared to the wild 
oyster from different countries (note: different to PCBS Dioxin in fish). 

• Sediment In AF had higher HBCD levels compared to other sediments 
• The study concluded that HBCDs in aquaculture buoy demonstrate an 

YK, Shim WJ. (2013), Expanded polystyrene (EPS) buo 
(HBeDs) in the marine errvironment. 

1 of technical EPS to food and the lack of proper control 
HBCDs in manufacturing polystyrene products, 

• 	 The focus of waste was on plastic waste products which 
were likely to contain such as the automotive and 
electronic waste stream materials PUR & ABS). 

taken of new plastic products sold in Netherlands (toys 
lseholdfoffice items), and manufactured with recycled plastic. 

method that has been 
determine presence POP-PBDEs. The 

method can be to screen samples for POP-PBDEs, 
• 	 In general, POP-PBDEs were found in few automotive 

parts (when found, the car part was from or WEEE items, 
• Seats of American cars were shown to be a POP-PBDE hot spot in 

the with uo to 25.000 uala in PUR foam of a Pontiac car 
seat (mostly 

pop STREAM POP-BDE waste 
at the Base{ COli\lention 

determined the concentration of HBCD in 34 
including EPS and XPS in an Asian country 

liquid chromatography-tandem mass 
for determining HBCD, 

Ke;OIb,'cm0"'lcloclcd"ea,,, 10 polystyrene based consumer products: an evidence 
"nom,,,,",,«", 110,111-119. 

Monitoring of POP-PBDE in 
(the Netherlands) 

investigated how waste materials possibly containing PBDEs 
are sorted, disposed of, recycled, andlor exported in the Netherlands, 

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

and waste electrical and 
are national organizations 

processing, 
• These waste nows are relatively well documented. Many companies 

are involved in collection and the first processing, while only a few 
companies perform the separation of plastics containing POP-PBDE. 

part of these can be traced to companies 
JCing recycled are ready to use in new products. 

In which new plastics are subsequently used is harder 
to trace, as most of this production is not done in the Netherlands, 

Leonards PEG. Br.mdsma SH Jonkers N  
Netherlands: anatysJs and inll'l,}ntOf)",  

POP STREAM POP-SOE 'ltaste 
lit lhe Basel Convention Website), 

PBDEs and FRs in 
(United States) 

PUR foam samples collected from 101 commonly used US baby 

production of c-PentaBDE is considered 

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

• The most common flame retardant detected was Iri5(1 ,3-

Firl2masterEi50 commercial mixture 

dichlorroisioprropyl) phosphate (TOCPP; detection  
nnlvhirnnoi""t••rl aromatic  

of Flame Retardants In POfyurethane Foam Collected from 

monitored for POP-PBDEsand other flame retardants 
et al. 2011), From these products: 

• Five contained POP-PBDE congeners commonly associated 
with c-PentaBDE, suaaestinq that such products are still in-use in 

Case 

~nfh~n'" in waste 

C<)SHmectl\'e. fast 'direct 



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-PBDEs and other flame retardants 
(Stapleton et al. 2011 )124. 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 
to have stopped in 2004 . 
80% of the PUR foam baby products contained an identifiable flame 
retardant additive, and all but one of these was either chlorinated or 
brominated compounds. 

• 	 The most common flame retardant detected was tris(1,3-
dichloroisopropyl) phosphate (TDCPP; detection frequency 36%), 
followed by polybrominated aromatic compounds typically found in 
the Firemaster550 commercial mixture (detection frequency 17%). 

Stapleton et al (2011) Identification of Flame Retardants in Polyurethane Foam Collected from Baby 
Products. Env. Sci. Techno!. 45.5323-5331 http://pubs.acs.orgldoilabs/l0.10211es2007462 

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

Specific features of the study on PBDE and FR in PUR baby products: 
• 	 The study combined bromine screening rnethodology with 

confirmation. A significant correlation was observed for bromine with 
quantitative analysis of BFRs; however, there was no significant 
relationship observed for chlorine and CFRs. 
For the first time a wide range of PUR baby products were sampled, 
screened and analysed for POP-PBDEs and other flame retardants. 

• 	 Based on exposure estimates, the study predict that infants may 
receive greater exposure to TDCPP from these products compared to 
the average child or adult from upholstered furniture, all of which are 
higher than acceptable daily intake levels of TDCPP set by the US 
Consumer Product Safety Commission . 

• 	 The study revealed that flammability standard in a country can result 
in high levels of flame retardant in sensitive products with critical 
exposure to vulnerable groups like infants. New study 2015 on PFRs 

Stapleton et al (2011) Identification of Flame Retardants in Polyurethane Foam Collected from Baby 
Products. Em. Sci. Technol. 45.5323-5331 http://pubs.acs.orgldoilabs110.10211es2007462 

PBDE/BFR contamination of recycled plastic? 
What is the flow of PBDE/BFR in recycled materials? What articles 
are contaminated? What are risks to human and the environment? 

PBDE in chifdren toys China PBDE in lhermo-cuPSamsonek. 
(Chen ".,, ES&T 43. 4200. 2009) Puype (2013) Food 

"'" The recycling flow of PBDE/BFR containing plastic seems largely 
uncontrolled. ~,eed a better life cycle management & controll 

,,,, Increased screening of sensitive products and complain to producers 
and governments might result in pressure. Norrnally no regulation? 

Conclusions 

• Several of the alternative flame retardants detected in baby, children 
and other consurner products are of high concern and are present in 
US stUdies at levels above health concern. 

• Therefore it is recornmended that studies assessing POP-BFRs 
should also monitor other BFRs, CFRs and PFRs of concern. 
New studies should add pieces to the puzzle what FRs are used for 
what products and in which recycling flow and what are the risks. 

Conclusions 

A range of monitoring studies gave already a good insight in  
contamination of different products, reeling materials and waste.  

• The Stockholm Convention POP-BFRs are still present in a range of 
products from recycled materials (at deluted lower POP-BFR level) 
and in products in use and end of life. With relevance to exposure. 
If a study is conducted it is advised that first the available monitoring 
studies are evaluated and then the study outline is developed 
considering the available information . 

• There are much unknowns in respect to PBDE use e.g. in the 
transport sector but also in products produced from recycled material 
and more (systematic) studies should be conducted here. 

Thank you for your attention 
More Information 
Basel Convention: www.basel.int g.3 /\.. c; 
Rotterdam Convention: www.pic.int ""'C""'"""".·. ~,~_ 
Stockholm Convention: http://chm.pops.intl ' ,~~\;iG~;. 
Montreal ProtocolNienna Convention: http://ozone.unep.org 
SAICM: http://www.saicm.orgl 
POPs phase out & alternatives http://POPPub.bcrc.cn/ . 
OECDIIOMC: http://www.oecd.orglchemicalsafety/ -
Science: www.ipcp.ch;http://greensciencepolicy.orgl 
NGO: www.ban.org; www.ipen.org; www.ihpa.info; www.chemsec.org 
Better-world-links: http://www.betterworldlinks.org/ J 
J I I I ~ ' ¥ S gale, • ~;tF'j 

http://pubs.acs.orgldoilabs110.10211es2007462
http://pubs.acs.orgldoilabs/l0.10211es2007462


Guidance on screening of newly listed 
POPs in products and articles 

Annex 1-6 lists 
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approach for PBDE 
in articles and products 

Step 2: Sample collection 
• Samples can then be collected e.g. by the customs at the Import or by 

<'om",,!pn! :>"!horities such as factory control or consumer protection 
related institutions. 

be conducted by research institutions 
collaboration with the ministry or other competent 
or directly with the induslry or waste management facilities. 

• a) The article or the material is listed in Annex 1-B and contains 
brominated name retardants (e.g. the plastic of a computer is labelled 
as containing brominated fiame retardants) 

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

• For the major POP-PBDE contaminated malerial flow WEEE 
detailed sampling methodology and a sampling protocol has 

methods for bromine as indicator 
Step 3: Screening in the field or laboratory 

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

01 are currently applied as screening tools lor 
in in some recycling plants (see also PBDE 

BATIBEP Guidelines) These technologies can also be used for 
screening bromine in other materials like PUR foams, textile or rubber. 

4,3 

4.3.3 f'ictJi(on acuv.1l'on (;ll,.lY,}j>: ,. 
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by step 
in articles and products 

for rnnnitnrinn PBDE 

1: Survey of products and articles possibly containing 

• Before collecting samples, a survey can be conducted to 
preliminarily determine target presence of consumer products In 
use and in re-use that might contain POP·PBDE. 

• Also some material flows known to 	 contain POP-PBDE 
and further used in recycling (e.o. WEEE recvclino or 
polyurethane (PUR) foam from 
would be targeted considering the need to register 
for POP-PBDE in recyCling. 

• Stakeholders for the different use 	 might be contacted for 
support and input and possibly for samples. Relevant 
stakeholders to be contacted for use categories are 
listed in Anne)( 1-B. 

Step by step approach for monitoring PBDE 
in articles and 

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 miqht be available 
compared to the mobile equipmenls used in the 

• Rapid screening methods such as 	 can be used for 
verifying the presence of PBDEs BFRs types). 

• Care has to be taken that by such methods without  
DecaBDE is not debrominated 10 PClP-PRDi=;;  

• When screening methods are 	 It has to be ensured that the 
detection limit of the screening is more sensitive than (below) 
the limit required for the screening (e g. reqUired from a 
legislation limit). 

methods for bromine as indicator 
Step 3: Screening In the field or laboratory - XRF screening 
• 	 The X-ray fluorescence (XRF) technology can be used for detection 

of bromine in polymers and olher materials with a detection limit for 
bromine of 10 to 100 ppm. 

• 	 XRF analysis is limited to the detection of bromine in the 
without any capacity to identify the type of BFR compound. 

• 	 Using handheld instruments the time a measurement 
is less then a minute. Precision of 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 

• 	 If a sample is heterogeneous (e.g. WEEEwith diFferent plastic parts) 
then the different parts need to be screened. 

• 	 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 
of handlina such materials accordinq to national ouidelines. 



Step by step approach for monitoring PBDEPBDE 

Step 4: Quantification 
methods can be applied for the instrumental 

PBDEs and have been reviewed. One accredited 
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. 

in articles and products 

Step 4: Quantification. 
The sample preparation need 

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. 

POPs in products and articles (Draft) 
1.3 Screening approaches for newly listed POPs: 

onroaches for sceening of 

Japan technology 

on screening of newly listed 

......"'M......t'" 
Step by approach for PBDE 

in articles and 

Step 4: Quantification 
The sample 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; 
guidance gives an introduction to screening approaches. 

screening technologies for bromine or fluorine. 
• 	Such screening enables relatively cheap and simple pre· 

selection of some with regards to their 
possible POPs content (e.g. 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 of newly listed 
POPs in products and articles (Draft) 

-Where possible, links are made to existing international 
standards for analysis of a particular POP. 

• 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 
Standard IEC 62321) in to RoHS 
under development and become av"ilable 

• An international standard for extractable PFOS in articles 
and its analysis has been developed (NPR-CENITS 15968) 
but has not been validated yet. 

- FUrthermore, no (standarti 
available for many of the 
substances including some non~xtractable 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 
m(lmllnrllnn or analytical procedures for a certain matrix are 

• 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 of newly listed 
POPs in and articles (Draft) 

Step by step approach of the guidance: 

LA 

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 (HBeD) 
• Inclusion of other upcoming POPs (e.g. peN) 

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

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

What are the analytical future challenges? 

574 Potential POPs 

POPs in use? 
193 Chemicals "very POP" group 

,.; iortlM~fKl 

,ev~H3,l rl!~r:s 



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

.,ANNEX'} Case 1'lHldies " 

/IOlliwring project Df ?FOS!PFCs in (Ormliilt'f products (I) Norway and S\·,.'e'd~n,.< 

udy 8,.1xi(lg end Muifln paper:. (SchloriHi1H €'t til. lOll). 83 

"" $; 

PFOS/Pt(., or' the O,mlsh m,arkel {D~H,i$h Minbtrv o~ 
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Alternative Flame Retardants 
to Brominated Compounds 

Dr. Roland Weber 
POPs Environmental Consulting 
roland.weberl0@lweb.de 

Content of Presentation** 
» Substitution of Penta13DE and Octa13DE by 13FRs 
» General concern on 13FRs - Activities in EU on 13FR 

within RoHS directive & general assessment 
» Key application areas FR and alternatives 
» DecaBDE/13FR and substitution approach in pra::iIlc::i1 

» DecaBDE/HBCDD and alternatives in textiles 
» H13CDD and alternatives in foams 
» LCA approaches for FR alternative assessment 

a) USEPA: T1313PA in Printed Circuit 13oards-
b) EU Research: LCA of alternative FR "ENFIRO". 

» Recommendations/Conclusions 

Stockholm Convention pOPs· From 

Epoxy resin 
Polyamides 

Polyolefins 

Flex. Polyurethanes 

Polyesters 
Unsaturated 
polyesters 
Polycarbonate 
Styrene copolymers 

I '''J I .,. HBCDD'1"""~'Y'CO"" 

11-15 DecaBDE, DBDPE; HBCDD OetaBOE 

0-10 TBBPA; reactive TBBPA Pent..~BDE 

13-16 OecaBDE; OctaBDE 

5-8 _"0­ __ "___ 1'3 OetJSDE 

PentaBDE 

OctaBOE 

13-28 TBBPA PentaBDE 

Brominated polystyrene 
Brominated polystyrene 

Brominated Compounds in Firemaster 550 Component -
Firemaster® 550 Analoa to Known Toxicant DEHP 

SubstitutlHor ~n flexiblePolywethafte.1oam;Us,';'oC!~ l~. U 

Di(2-ethylhexyl)- 2-ethylhexyl-
tetrabromophthalate 2,3,4,5-tetrabromobenzoate  

(TBPH) (TBB)  

PBDDJPBDF formation potential? 

DEHP; Di (2-ethylhexyl) 
phthalate 

• Prop 65 cancer, reproductive, 
developmental toxin 

• Animal effects at environmental .. Almost no studies! 
• (1 report- PubMed) 

mailto:roland.weberl0@lweb.de


~ Approx. 75 BFR are on the market (Fisk et a12003) , 
~ BFR2010: Research community is analysing -20 BFR 
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Structures of BFRs addressed bv Gauthier (Gauthier. Potter et al. ES&  

Trends in the annual consumption of 
Flame Retardants in Japan (1986-2008) 
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Source: I. Watanabe, 5th International Symposium on Brominated Flame 
Retardants Aprjf 7.9 2010 Kyoto .Janan 

Will electronics go halogen free?? 

ressure on ~r Flame Ketardants: 
Current Discussion EU on RoHS 

~ A report for the European Commission on the 
extension of the RoHS Directive on the restriction of 
the use of certain hazardous substances in electrical 
and electronic eqUipment (GroB & Bunke et al. 2008) 
proposes to phase out all brominated and chlorinated 
flame retardants and some other toxics in electric and 
electronic consumer goods to protect consumers and 
to facilitate easier and safer recycling at the end of life 
stage (European Commission 2010) . 

Main 

p .... .~-.. 

~ Solid Thermoplastics (ABS, HIPS, PET, PA, PP, PE etc.) 
~ Thermosets (Epoxi Resin, Phenolic Resin, Acrylic resin 

etc.) 
~ Wire and Cable (PP, PVC flexible), 
~ Foams (EPS, XPS, PUR); Rubbers 
~ Textiles (Nylon, Polyester, Viscose, Cotton, others), 
~ others: Paper, Wood, Paints, Adhesives 

Fire Retardants· Mode of Action Overview Table Non-Halogenated FR 
In the Whole Application Range 

Application options non-Hal-FR' PINFA Version 5,0 (12/2009) 
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ouree: The non-haloaenafe orus, inoroanic and nitroaen FR oraanlsation 

Aame Inhibitors 
e.g. Halogens. 

Phosphorus 
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Alternatives for Brorninated Flame Retardants 
Substitution can take place at three levels: 
A. Flame Retardant Substitution: This approach involves 
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 
B. Resin/Material Substitution: This approach involves 
changing the resin system, while also the chemical used 
as the flame retardant. This is a more 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 design to minimize or eliminate the need for flame 
rAt"""nt chemicals. Examples of product redesign include using 
fire barrier material, as well as separating or reducing the source 0 

heat from the product. 

DecaBDE .. International Measures 
);> 	 EU: DecaBDE has been restricted for electrical and 

electronic equipment (Directive 2002/95/EC + 
20051717/EC) but not for other uses. 

);> DecaBDE to be phased out from aU applications in US 
2013. 

);> If relevant debromination to lower PBDE will be further 
demonstrated then DecaBDE will be SC relevant. 

);> Evidence for relevant PBDF formation some 
(in plastic and textile a12008, 

. and in end of life thermal tr",,.tm,,,nt,,, 

);> Direct and indirect pressure to 

DecaBDE Substitutes in Plastic Resin 
Wide range of alternative plasticfflame 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. 

for the prod uct 

Requirements 
of 

evaluation of alternatives for 
substitution of BFR (in accordance Annex  

» or better flame  
» or better performance and ohvsical  

nrr,nlO,rti.,.. for the product/part 
};> Less risk to environment and human health  
» Cost (including environmental and health  
);> Commercial availability and accessibilitv of the  

alternative solution 

DecaBDE Main Applications 
);> Due to it's good performance it is used in a wide 

range of plastics in particular in electronics. 
l' Major use in HIPS TV casings (US 80% of total use 

(Lowell Other use Polyamids and t'OIIVO,lenns. 
l' Textiles: PrimarY textile uses to be in the 

commercial furniture, 
and pOl1ation (automotive and alr,nla,n21 
industries. Other niche applications in 
textiles include tents, awnings, and related fabric 

)plications. 
);> Use pattern in China not known 

'~ 

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



Substitution DecaBD 
in Plastic in 

DecaBDE Substitution Strategies for plastic 
used in electronics 
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Source: Oko-Institute 2003 

BFR Substitution in Textiles: 
Flame Retardant Substitution 

Flame Retardant 

DecaBDE 

on in Textiles: 
Exposure-release Substitute Flame Retardant 

For textiles a range of possible substitution approaches: 
y Substitute flame retardants (evaluation of substitute!) 
y Alternative fibers. 
;.. Inherently fire resistant fibers, 
;.. Increased use of barrier layers, laminates and nonwovens. 
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BFR in Textiles: BFR Substitution in Textiles:  
Flame Retardant Substitution Flame Retardant Substitution  



BFR Substitution in Textiles: 
Flame Retardant Substitution 

BFR Substitution in Textiles/PUR: 

Detected in 36 Samples 
Levels up to 12A percent or 124,000 ppm 
- Car S••t(ll) 
- Changing Tabl" Pad( 8) 
- Sleeping Wedge (6) 
Port.bl. Matlr••• (3) 

- Baby Walker (2) 
- High Chair(2) 
- Rocking Chair(1) 
- Baby Carrier(l) 

ryrQHP';l- Nursing PilIow(l)  
-Infant Bath Sling (1)  Tn!Hl~ 3,e:tchlofC-2·t:lIU'Py!1 pMaplut1'l 

Stapleton et ai, tdentlfication of Flame Retardants in PniV!lrpth.... nA  
from Baby Products Environ, Sci, Technol" 2011, 45  

•Evaluation StatusHexabromcyclododecane 
);> 	 Stockholm Convention: HBCDD is in the POP 

Reviewing Committee evaluation process and will 
be for listing to COPS. 

);> UNECE: HBCDD evaluated for in nr(\rn~nl 
);> Europe (REACH): HBCDD listed as substance of 

very high concern for authorisation (10/2008). 
);> Japan: Classified HBCDD as a 

Chemical Substance in the Law 
Evaluation of Chemical Substances and 
Regulation of Their Manufacture. 

Flame Retardants in Baby Product Foam US 

Flame Retarliant in 101 samples 
Pen/aBOE 

:fTBB and TBPH (Flremasrer 5501600) 

Tris(1 ,3-dichloro-2-propyl)phOSphate (TOCPP) 
or Chlorinated Tris 

Tris (2-chforo-elhyl) phosphate (TCEP)1V6" 

T rise 1-chloro-2-propyl)phOsphate (TCPP) 14 0,02- .4 

et al. Identification of Flame Retardants in 

BFR Substitution in TextilesfPUR: 
Chlorinated 

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: 21,900 metric 
Q use China? 



Alternatives for use in 
EPS and XPS Polystyrene Insulation 

» 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. 

pol:-SIT!<ef!(, 

<It 

Insulation 

B. Resin/Material Substitution 
and Pnlvi!':.nr.vJ:m Products. 

Key Health, Environmental and Performance Concerns: 
Following flame retardant chemicals: Iris monochloropropyl 

phosphate (TMCPP), iris chloroethyl phosphate (TCE?) 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. 
);> TDC?? & metabolites are carcinogen. 

»	When using alternative building insulation materials, 
the necessary flame 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 for various 
types of insulation. 

}> Commonly used thermal barriers include: gypsum 
board, gypsum or cement board, 

~., .... "'~u cellulose, mineral fiber, or gypsum 
coatings, and select plywoods. 

B. Resin/Material Substitution 
Products. 

>- Most rigid foam boardstock is characterized by a 
high content and is usually 
based on lower-cost polyester polyols. These 

modified urethane foams are 
of construction applications, and 

are commonly referred to as products. 

B. Resin/Material Substitution 
Other Insulation Materials materials 

>- Blankets (fiber batts or Blanket insulation is 
usually made of fiber glass or rock wool. Batts with special 
flame resistant facing are available 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 use 
for blown-in or spray-applied insulation include rock wool, 
fiberglass, cellulose, or polyurethane foam. Loose-fill 
cellulose insulation is commonly manufactured from 
recycled newsprint, cardboard, or other forms of waste I 
paper, vermiculite or perlite (expanded naturallJ minerals)~ 

. Resin/Material Substitution 
ey Health, Environmental and Performance Concerns: 
The fiber glass blanket/batt, loose-fill fiber glass, perm 
and !oose-fill rock wool have a lower RNaiue 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 0 

the eyes, nose, throat, and parts of the 
show that repeatedly air f"{",,"t;"lnlr.n 

vitreous fibers can lead to inflammation and fibrosis of the 
lung. (Agency for Toxics Substances and Disease 
2004) EU: Accomplished improvement of fibres in 
respect to health concerns. 
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Conclusion HBCDD Substitution 
in Polystyrenes (EPS, XPS, HIPS) 

German Environmental Agency (UBA 2008): 
~ No phase in name retardant for HBCDD in polystyrene 

applications (XPS, EPS and HIPS). 
~ A range of alternative insulation materials is 

commercially available and can substitute HBCDD 
containing polystyrene in many applications. 

POPRC: HBCDD list in Annex A or B 

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

BASF (largest producer of XPS/EPS Europe)f!i~_ 
"In a few years substitution possible." 'T'~. 

Information on Socio-Economic 
Considerations (Annex F) 

(a) Efficacy and efficiency of poss ible 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 ; 
(ii) Costs, including environmental and health costs; 
iii Efficacy; 
iv Risk' 

(v) Availability; and (vi) Accessibility; 
It is of key importance to evaluate PST criteria for the 
alternatives! Important for human and environmental ris~ 
assessment but also of key impotance for the r' 
producers and users (approach of REACH!). 

Printed Circuit Boards : TBBPA 
and Alternative Fire Retardants 

~ Alternative name retardant materials are used in only 
3-5 percent of the current FR-4 boards. Additional 
alternative name retardant materials are under 
development. 

~ There has been a continuous increase in the demand 
for halogen-free material over past few years. In 2003, 
global halogen-free laminate market was approx. $60 
million. In 2004 this market grew to $161 million, in 
2005 it reached $239 million estimated at $307 million 
for 2006. 

htto:llwww.eoa.aov/dfeloubs/oroiects/ocbi 

HBCDD in Textiles -
Key Contamination Source 

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

~ EPS/XPS producing industry (HBCDD use) (Germany): 
"The dispersive use of HBCDD in textiles is a main 
cause of environmental and human contamination. A 
second important source were releases from industrial 
production (e.g. AycliffelUK stopped 2003). These two 
releases mainly causes current pressure on HBCDD." 

=> HSCDD industry should have a vital interest to stop 
application in textiles and optimize releases from 
production to continue their core business PS/EPS) . 

Printed Circuit Boards: TBBPA 
and Alternative Fire Retardants 

..v 

\~')
US- EPA 

~A main use of TBBPA is in Epoxy resins used for PrCB 
~ Currently the US EPA has a comprehensive project on 

"FLAME RETARDANTS IN PRINTED CIRCUIT BOARDS" to 
evaluate possible alternatives to TBBPA. 

~ The report is divided into two parts 
~ Part 1: provides an evaluation of the environmental and 

human health hazards associated with the manufacture 
and use of the FR-4 boards (UL 94 VO compliant) and a 
preliminarydiscussion/identification of end of life issues 

~ Part 2: Part two of the report will present experimental 
data from the investigation of the thermal breakdown of 
boards and the by-products formed under different 
combustion conditions. These data may provre further 
insight into end of life disposal issues 

u s EPA. FLAME RETARDANTS IN PRINTED CIRCUIT BOARDS. Draft ReDO 11/2008 

.OJ Printed Circuit Boards: TBBPA "eM- .~L~.~ ~ and Alternative Fire Retardantso . "' us. EPA 

Most key laminate 
suppliers now Global Halogen-Free Laminate Market (2006 

include halogen- Others  
free materials in Do",'!"n 5. 1% 

their portfolio. ITEQ 5/ ~,-\ ..  .... ,"- . 

6.4% //\. \Pricing for , '\, \ Matsushrt 
.:. ~ . .... 350%halogen-free ,,\ 

, ~ ,,-,,, .. ....,~\laminate is still ...~ higher than Hitachi Chemical 
. ",201%conventional 

i / '> , 

material by at """ " . , .' least 10 %, and \.(' h  
often by more. , // 


~~....,. 

Nan Ya  
htto:llwww.eoa.aov/dfeloubs/oroiects/ocbi 27.7%  

I 
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Printed Circuit Boards: TBBPA 
and Alternative Fire Retardants 

~ Little information exists concerning the potential 
environmental and human health impacts of the 
materials which are being developed as alternatives to 
those used today that are based on brominated epoxy 
resins. 

~ Environmental and human health impacts can occur 
throughout the life cycle of a material, from 
development and manufacture, through product use 
and finally at end of life of the material or product. 

http://www.eP3.aovldfelpubslproiectslpcbI 

Printed Circuit Boards: TBBPA 
and Alternative Fire Retardants 

~ In addition to understanding these potential impacts 
associated with flame retardant chemicals, 
stakeholders have expressed a particular interest in 
understanding the combustion products that could be 
formed during certain end of life scenarios. 

It is a challenge to do this assessment in laboratory! 
Way forward: Field measurements in smelters managing 
PrCS. And test of simple smelting operations. 
~ The electronics industry is forming this partnership to 

develop information that will improve their 
understanding of the environmental and human health 
impacts of new and current materials that C'ln be used I 
to meet the fire safety requirements for circ 

http://www.epa.govldfelpubslprojectslpcbl 
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DE39 
DE99 
DEm 1 1 1 2 2 1 f3 , 1 2 2 :1;1 =----Jl Hierarchical 
~~~TM : ~ ~ ; ~ ~ ; ; ~ 1 ;; ~ ~Iustering 
HBCCO bela 1 1 1 2 1 I 2 2 1 2 2 J ~'l ; tfJamers et al., 2006 
SCCOg~mma 1 , 1 1 1 1 2 J 1 3 3 r~l . 
0:28 1 1 1 1 2 2 3 1 2 J r-----­1 

~CCOalPha 1 I 1 2 1 1 3 1 1 ~ 3 J r---:. 
E209 I j 1 1 2 I 1 1 ! i 
8PA-D3PE 1 1 1 3 J 1 1 1 1 1 ~~_ : I 

DEt69 111221 1 ~- ---1 : i1111 
g~: ::~;!~31~~~1 r---- r--: 
DE1S0 1 1 1 ..3 ~ I 3 ~:-r : 

';OH-BO:·H 1 1 1 .: 3 1 1 " 3 1 J 3 ~.... I 

3DE.1SI IIi. 3 1 1 1 3 3 3 a ___! .;. j-J: 
DE79 1 1 1 "'t J.. a. !-"  
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DE19 1 1 1 1 3 3 tit 3. . 
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=49 1 1 1 3 2 1 2 I 
SPA lit '&, 1 t 1 3 1 1 
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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 
FRlproduct combinations. The case studies will give 
recommendations for industrial and governmental 
stakeholders. ~op_ 

http://www.enfiro.eu/ 	 '~1T ' >~ 

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 

5. Reactive embedded halogenated flame retardants. 
6. Additive halogenated flame retardants which are nor perslsrem, 

non-bioaccumulating without long-term human toxi1 or ecotoxlc 
effects. 

Recommendation/Conclusion 
»	(Organic) Chemicals need to be evaluated for their 

Persistence, Bioaccumulation and Toxicity before bulk 
production starts (concept of REACH). This is crucial 
to address global chemical contamination. For most 
FR applications alternatives to BFRs are on the 
market. Currently large research projects on total LCA 
of BFRs & alternatives in EU and US. 

» Toxicological assessment of alternative needed. 
» End of life/recycling performance of alternatives. 

» The most sustainable chemicals ("Green Chemistry") and 
sustainable products ("Green Design") are likely to survive 
on the market. Several excellent Chinese reSearCh groups 
work on alternative flame retardants!! 

HiIl.lrd eXpoSU1~. 
Chumc:1vrt!>3tloti .. t.lte, model. 

ENFIRO Work Plan 
(2009-2012) 

European Research Project ENFIRO: LCA of  
Environment.Compatible Flame Retardants  
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Sustainable Production: Recyclabili~ Polymers 
Polymer types in small WEEE plastic samples (%, w/w) 
(Dimitrakakis et al. 2009) ie;;"'....···:
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Information and further Research: 
Contribution from Research Communit~ 

y 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. 

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

;;. External cost estimates/calculations of harm 
caused by PBDE/BFRs to humans and biota. 

y Life Cycle Assessment of PBDE alternatives (other 
flame retardants and alternative technologies). 

., -r---;ii 

Study on OSOPE 
).> 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, sed iments). 
r What is persistence and toxicity of degradation 

products? 

Study on Chlorinated Paraffins 
;;- Short, medium & long chain chlorinated paraffins 
y 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? 



Workshop on Sound Management of PBDEs and Phasing-out 
Opportunities in Parties 

27. November 2015, Sri Lanka 

Alternatives to and 
substitution 

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 directive & 	 assessment  
areas FR and alternatives  

• 	 DecaBDE and substitution approach in plastics 
• 	 The Publication on POPs Phase out and best 

practice studies. 

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

Substitution of 

• There is no standard definition of substitution 

• 	 ", ,. the replacement or reduction ofhazardous 
substances in products and processes by less 
hazardous or non-hazardous substances, or by 
achieving an via technological or 
organisiatonal measures," - LV"''''.'''-''",,,,, 

• 	 "The Principle of Substitution states that hazardous 
chemicals should be systematically substituted by less 
hazardous alternatives alternatives for 
which no hazards can - Greenpeace 

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 

substitution and alternative assessment 
of the National Implementation Plan. 

Substitution of chemicals: Definition 

• 	 Substitution is " ... the replacement of one substance by  
another with the aim of achieving a lower level of risk, " -
CEFJC 

• 	 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 1, substitution shall by  
preference be 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' safety and health, as the case  
may be. - Directive 98124IEC risks related to chemical  
agents at work  

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


Main lVIaterials and Application Areas 
for Flame Retardants 

• Solid Thermoplastics (ABS, HIPS, PET, PA, PP, PE etc.) 
• Thermosets (Epoxi Resin, Phenolic Resin, Acrylic resin etc.) 
• Wires and Cables (PP, PVC flexible), 
• Foams (EPS, XPS, PUR, PP, PE, PVC, rubbers) 
• Textiles (Nylon, Polyester, Viscose, Cotton, others), 
• Others: Paper, Wood, Paints, Adhesives 

Requirements for Alternatives 
of Candidate POPs 

Overall evaluation of alternatives for substitution of BFR (in 
accordance Annex F for risk management evaluation for the 
Stockholm Convention) 

~ Equal or better flame retardancy for the product 
~ Equal or better performance and physical properties for the 

product/part 
~ Cost (including environmental and health costs) 
~ Less risk to environment and human health 
~ Commercial availability and accessibiy of the alternative solution 

POP-BFRs were often substituted by other BFRslO 

Polymer Content 
["10] POP-BFRs Current Substances 

High impact 
polystyrene 5-15 OctaBDE 

DecaBDE, Br-polystyrene 
Ethane 1,2 
bis(pentabromophenyt) 

Epoxyrl\sin 1-10 PentaBDE TBBPA 
Polyamides 10-16 OctaBDE DecaBDE. Br-polystyrene 

Polyolefins 5-8 OctaBDE Deca SDE, propylene 
dibromo styrene 

Polyurethanes 
Polyesters 

1-10 
8-11 

PentaBDE 
OctaBDE 

Firemaster55q, Br-polyols 
Brominated polystyrene 

Unsaturated 
polyesters 13-28 Pen taBDE TBBPA 

Polycarbonate 4--6 Brominated polystyrene 
Textiles 12-15 PentaBDE DECoBDE. HBeD 

HBCD is listed in the Stockholm Convention and DecaBDE is 
suggested to be listed by the POP Reviewing Committee. 

Firemaster 550® Component - 1'2 
I Analoque to the Known toxicant DEHP 
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DEHP: Di (2-ethylhexyl) Di (2-ethylhexyl)  
phthalate tetrabromophthalate  

• Prop 65 cancer, reproductive, _ Wide use as flame  
developmental toxin retardant  

• Animal effect at env. levels 0 1ft d' I 
• Bioaccumlates, persistent - n y ew s U les. 

Metabolite TBMEHP, elicited maternal thyrotoxic and hepatotoxic effects 
and induced MNGs in the fetal testes in a rat model. In mouse NIH 3T3 L 1 
preadipocyte cells, TBMEHP inhibited rat hepatic microsome deiodinase 
activity and was an agonistfor PPARs in murine FAa and NIH 3T3 L 1 cell 

Alternatives for PBDEs & POP Flame Retardants 

Substitution can take place at three levels: 
A. Flame Retardant Substitution: This approach involves 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. ResinlMaterial 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 heat from 
the product. 

Brominated Compounds in Firemaster® 550 

Major Substitute for PentaBDE in flexible polyurethane foam: 
. ~£-""'/'-.../"'o...
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Di(2-ethylhexyl)- 2-ethylhexyl-
tetrabromophthalate 2,3,4,5-tetrabromobenzoate 

(TBPH) (TBB) 

PBDD/PBDF formation potential? 
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Assessment of approximately 100,000 chemicals in chemical 
database according POP criteria from REACH. 

574 Potential POPs 

i()(Mated flu",mated 
III $evSi3:1 h..ltltlgerlS II chbnnated 

no ~I<l!l"f'.$ L" btorninaled 

How many potential POPs in use? 

);>Chlorinated, brominated 
and fluorinated persistent 
toxic SUbstances need to be 
systematically assessed. 

Pressure on Br Flame Retardants: 
Current in EU & elsewhere 

• 	 Concern about halogenated flame retardants. 
• 	 A report for the Commission on the extension of the RoHS 

Directive on Ihe of Ihe use of certain hazardous 
substances in electrical and electronic (GroB & Bunke el 
aL 2008) proposes to out all and chlorinated flame 
retardants in electric electronic consumer goods 10 protect 
consumers and 10 facilitate easier and safer recycling at the end of 
life stage (European Commission 2010). 

• 	 In several EU Eco-Iable drafts the restriction of BFRs were proposed 
• 	 Several electronic producers have stopped Ihe use of BFRs. 

Will electronics go halogen free? 

y chemical 

ource: The nOrl'haloQena 

Overview Table Non-Halogenated FR  
In the Whole Application Range  

Application options non-Hal-FR; PINFA Version 5.0 (1212009) 
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DecaBDE Substitution in Plastic Resin 

DecaBDE Substitution Strategies for plastic used in electroni 

S\1h'>fU;.l(~ HJPS tl!'\!US u"iUJi: de-c",brcL"c;cdiph=-:lyl..'i::aJ.'(, 11l5l~\ld of 

~ HlPS .'mJ J.lPO I>I::!un with phc\!.,-plll):--t1-,.·UJ"ed FR 
l\1;H~'{ill 

J 
p.: • .;.B!'::' blead \1.-11h pb;·.j.phon~-:·b;""l';~d ,FR 
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Green DeSign! 
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Source: Oko-instttute 2003 
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19Stockholm Convention  
POPs free initiative:  

• A 'POPs-free initiative' has been 
initiated by the Secretariat of the 
Stockholm Convention to improve 
the exchange of information on 
alternatives/substitutes to POPs. 
Here an electronic publication 
"POPs in articles andphasing-out 
opportunities" has been developed 
compiling information on alternatives 
to POPs & phase out (Web-version 
with Basel/Stockholm Convention 
Regional Centre Asia & the Pacific) 

http://poppub.bcrc.cn! 

Stockholm Convention 
POPs free initiative: "POPs 
in articles an.d phasing-out 
opportunities" publication 

• The publication contains in part IV 
information on tools for assessment 
of alternatives and case studies. 

• The publication already links to 
SUBSPORT and to compilation of 
IOMC on alternative assessment. 

• Inputs including country experience 
case stUdies are welcome. 

http://poppub.bcrc.cn! 
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Case study in SUBSPORT on halogen-free cable 
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Stockholm Convention  
POPs free initiative: "POPs  
in articles and phasing-out  

POPJ./l,,"Wtt ( bm,rmrln't'I':wIWr-rolXIIlI ,' "opportunities" publication 
~Ift:~ tlNJW1 0 tlMltkUf cJ (Jlrn'~IJI'J ,)JJd 

• Part III of the publication includes ilnrJ4.-""nt&.l11if:»tff 
information on alternatives to listed 

.tItmLlll>'" "'/'FOSPOPs which are still in use. 

.fzm...'hott'" PfJr .J'illJJ;,s• The publication is considered to be 
updated for current and future new ,,1,,_ < It! IfBCD 
listed POPs. 

PCB 
http://poppub.bcrc.cn! 
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Stockholm Convention POPs free initiative: "POPs in 
articles and phasing-out opportunities" publication 
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H3tard Exposuro, 
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ENFIRO Assessment 
(2009-2012) 

European Research Project ENFIRO: LCA of'·  
Environment-Compatible Flame Retardants  
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Selection of alternatives to HBCD within the SC 
Also HBCD has been listed in the stockholm Convention with a 
specific exemption for the use in insulation in construction (EPSIXPS) 

A draft inventory guidance has been developed containing a chapter 
on HBCD alternatives (potential alternatives; criteria for alternatives). 

9. Alternatives for HaeD... . ••~!"~;.. .. .•. 64 
9.1 Potential alternatives .... : ~ ~ ,' ..... 64 

9.1.1. Flame Re tardant Substitution..... 
9.1.2. Resin/Ma terial Substitution .. 
9.1.3. Specialty and Emerging Alternative Marer ia ls .. 

9.2 Criteria for flame retardant ahetnarlves .. 
9.2.1. Hazard Considerationscriteria ................... ......... .. .... 
9.2.2. Social Considerations .......................... 
9.2.3. Periorman(.c. Availa bility, Accessibility and Cost Consid 
9.2.4. Exa mples assessed by the criteria ". 

9.3 Examples of alternatlves for H8CD... 
9.3. 1. Alternatives for HeeD In HIPS... 

{t I'~ ': ' J t C ~ : 
,.:. ;1 " t. r ·r . ,1:: .\ :!L .~~ 

~'-!~c; 

6. 
... 66 
... 67 
... 68 

.... 69 
... 70 

..... 71 

..... 71 

..... 13 
..73 

9.3.2. Butadiene 5tyrene brominated copolymer ........................................................... ............. 73 
REfERENCES .. ............. ................................................................ 75 

,----------------------------------". 
Action plan development within SC:  

ConSidering substitution of POPs in use  

When updating their national implementation plans, countries can 
include in their action plans for those chemicals which are still used 
for acceptable purpose and specific exemptions: 

the assessment of alternatives 

the phase-in of alternatives 

the assessment of phase-in alternatives and lessions learned 

Within this frame and activities "sustainable chemistry" could be used 
as a tool or a guiding principle. 

~~atio nal Implementation Plan development within SC 
Considering sustainable alternatives to POPs 

Countries case: National Implementation Plan of Sudan: 
3. Str... teiY a~d action plan elementS ~f the ~jlt ' O njl[ impl!:mentatton ~ I;n ... 1"2 

3.1. POliCy s~atement .......... .. 1<2 

[31 tm " lem€nt..-tio<"\ Slr.l,t.'gv. . ............. 1"' 
3.2.1. Gt.'f\eral ...................... . .. 14 

3.2.2. Inl:egrctej: oppr~ach of impl~me:n::nli: cl"l e:m :(.al c~n ..er:tio<"\s ar\CI other eon...en~ior'..s ... l'-G 

3.2.3. lnt~eratine FCPs/chemiol mana cement 3no pclie., wIth W!st~ and reso:.:rc! 
m.ancg~rn:!:nt (.~nsi.jt.'r lng til'!: w.aite hie ra!(.hy... . .. ...... ............ 1.<!7 

3.2.4. "ddressing POPs pr.ase Olr. and use: o f elteTT\l!i'les within ~u1tall":,.ble (':ln~u",p: ion and 
Plo::Ju,tion ap.~roach .. ........ ........ .... ...... .... . ..... ... ... 1~2 

3.3. ~(~ivilies. ~trat=-e:t.'s, ,mo ~tio~ n l~n~ . . 1.t..9 

Here the implementation strategy of the Stockholm Convention is 
already linked to Sustainable Consumption and Production (SDGs!) 

•••a. ..... 

Thank you for your attention! ,. 
More Information 
Basel Convention: www.baseLint 4l..3 ~~(F;;'-'-
Rotterdam Convention: www.pic.int u .sc",•.,,,":,·. c::XJ. ~-. 
Stockholm Convention: http://chm.pops.inU '-I '.T:>.:';;;''''' 

Montreal ProtocolMenna Convention: http://ozone.unep.o?g''''''''''  
SAICM: http://www.salcm.org/  
POPs phase out & alternatives http://POPPub.bcrc.cn/ .  
OECDIIOMC: http://www.oecd.org/chemicatsafetyl ~ 


Science: www.ipcp.ch; http://greensciencepolicy.org/  
NGO: www.ban.org ; www.ipen.org;www.ihpa.info; www.chemsec.org  
Better-world-links: http://www.betterworldlinks.orgl  

Trends in the annual consumption Of 
Flame Retardants in Japan (1986-2008) 
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Source: I. Watanabe, 5th International Symposium on Brominated Flame 
Retardants Anril 7.9 2010 KyQto 'anan 

DecaBDE -International Measureso 
~ EU: DecaBDE has been restricted for electrical and 

electronic eqUipment (Directive 2002/95/EC + 
20051717/EC) but not for other uses. 

~ DecaBDE to be phased out from all applications in US 
by 2013. 
htlp:/twww.epagov/opptlexlstlngchemlcals/pubs/actlonplansldeccadbe.html 

~ If relevant debromination to lower 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. 

I  

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
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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. Electronic enclosures) by international producers. 

Cost estimate range from 0.2 % to 2.5 % of final product price. 
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Source: Lowell 2005; Danish EPA 2006 

DecaBDE Substitutes in Plastic Resin3 

Phosphate Flame Retardants Used in ElectronicApplications 
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 DecaBDEN 
in Plastic Resin 

DecaBDE Substitution Strategies for plastic 
used in electronics 

SLlb~I..1:!lc"'! H!PS. !---e:;l.'<l'> !I~i:.:.f' d~abr0111;:w:l.iph~1~'Ii'fi!{m.o in~e-:'I,1 of 

YrOt.iucr 

d~r:lBD£ 

HIPS 3JJd PPO l'l~d 1':iru pflv'ipuofll)-ba5e-i FR 

PC-AB,) bkud .\'\th fll:'C"ph~'rm.b3;~ FR 

~('r:,"I::tljon of hi ~J..)lo'.\· ~·oll:l!l.(, 

Green Desig
Rt'dUo:'~ vpt'f:'lli.ng \·ol1~g.:' 

Source: Oko-Institute 2003 

DecaBDE Substitution in Textiles'! 
Substitute Flame RetardantExposure-release 

Fortextiles a range of possible SUbstitution approaches:  
~ Substitute flame retardants (evaluation of substitute!)  
? Alternative fibers,  
~ Inherently fire resistant fibers,  
? Increased use of barrier layers, laminates and nonwovens.  

S!lb~t<1:1CE' 

Pn::>C1uc'r 

t:-;€, l"'<f ~ pl:o!>ph,lh:' t''f~ fl1Ui€' n::l~niJ.ft; 
d~c1BDE 

c~~ l!..:.h.er~uil'<· F1~\Cl-e Rt;;i'i.{J!l! fil't"l< or Z\(;n-V":\.'\'~n 
B.il'11~; L~'a: 

R~::'irlgn Pnxlurt To £hnilll.'l.:::e:lie Fire lOJd 

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 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 

3S 

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 Compaq), 
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). 

Source: Oko-Institute 2003 



BFR Substitution in 
Flame Retardant Substitution 

Flame Retardant 

\\'o»! Souree:lowell2005 >'l""",........,,,.~ ....." 


BFR Substitution in Textiles~· 
Flame Retardant Substitution 

:elI.2IJ!)/L_. 

BFR Substitution in Textiles~' BFR Substitution in Textiles:'"  
Flame Retardant Substitution Flame Retardant Substitution  

BFR 

FlameRetardant in 101 samples 
PentaBDE 

ITBB and TBPH (Firemaster 550./6(0) 

Tris(1-chioro-2-propyl)phosphale(TCPPj 

Stapleton et "I. Identfficatlon of Flame Retardants In 
from Baby Products Environ. Sci, Technoi, 2011, 45 

(%) 

3.8-5.3 

,6-4.3 

0.5-124 

0.0.2-6 

0.0.2- .4 

BFR Substitution in Textiles/PUR'! 

C I c.tJz ~ ..0-12C1 
CH-O-P-O-CH 

/ I "-
CICHz 0 CHlC!  

I  
CH  

Baby Walker (2)  / "­
- High Ch.fr(2) 9~ yBl 
- Rocking Ch.lr (1) Cl Cl 
- Baby Carrier(1) 

f:y,ol-fR.<- Nursing Pillow(1) 
-Infant Bath Sling (1) 'Tri:j,~l. :) ..!j,<;hlQro.<2-pfOP]f) yil(l$pbatt 

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



BFR Substitution in Textiles/PUR:' 
Chlorinated Organophosphates 

Found at lower levels. may be impurities 
in another chlorinated FR mixture: 

• California Prop 65 list 
-Detected in 14 Samples: 

Nursing Pillow (9) 
Inlant Bath Sling (2) 

• Baby Carrier (1) 
· Sleeping Wedge (1) 
· Portable Crib (1) 

ications of HBeDD  
:> use of HBCDD is as a flame retardant 

additive in polystyrene (EPS) and 
extruded polystyrene (XPS) applications. EPS and 
XPS are typically used for thermal insulation 
foams for in the building and 
construction industry and in products. 

:> Hiah impact polystyrene (HIPS) applications 
and electronic appliances, cables). 

:> Textile back-coating (upholstery furniture) in 
order to meet the strict fire safety standards in 

e.g. in the United Kingdom and California. 
:> 	Global demand 2003: 21,900 metric 

use China? 

Hexabromcyclododecane (HBCOD) ,Evaluation StatL~ 
Convention: HBCDD is in the POP 
Committee evaluation process and will 

be proposed for listing to COP6. 
:> UNECE: HBCDD evaluated for listing in protocol 
:> Eurooe HBCDD listed as substance of 

concern for authorisation (10/2008). 
Classified HBCDD as a I Monitoring 

Chemical Substance in the Law Concerning the 
Evaluation of Chemical Substances and 
Regulation of Their Manufacture. 

and XPS Polystyrene Insulation 
for use irr 

);> 	 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 f {environmental evaluatio 
PtoJ>("rtiE'$ A'~~~': 

H BCDD Alternatives for use in 
EPS and XPS 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 
are commonly referred to as "polyiso" 

and 

HBCD Alternatives for use irr 
and XPS Polystyrene Insulation 

B. Resin/Material Substitution 
and Polyisocyanurate Products. 

Following flame retardant chemicals: tris monochloropropyl 
phosphate (TMCPP), tris chloroethyl phosphate (TCEP) 
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 
hie""......... 

for use in' 
EPS and XPS Insulation 

B. ResinfMaterial Substitution 
Other Insulation Materials materials 
);> 	 Blankets (fiber batts or rolls): Blanket insulation is 

usually made of fiber glass or rock wool. Batts with special 
flame resistant facing are available where the insulation wi[ 
be left exposed. Fiberglass is a synthetic vitreous fiber. 

);> 	 loose-fill: Loose-fill insulation is typicaUy blown into 
place or spray-applied by special equipment. Materials use 
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 
paper, vermiculite or perlite (expanded natural 

EPS 

boards and therefore may not be desirable for 
where R-Value is a critical property. 

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

5JHBCDD in 
Contamination Source 

);> 	 A wide range of alternative flame retardants (non-
halogenated) and/or alternative textiles are 
available (see DecaBDE textile). Therefore 
substitution of HCBDD in textiles no issue. 

>- EPS/XPS producing industry (HBCDD use) (Germany): 
"The dispersive use ofHBCDD in textiles is a main 
cause of environmental and human contamination. A 
second important source were releases from industrial 
production (e.g. AycliffelUK stopped 2003). These two 
releases mainly causes current pressure on HBCDD." 

=> HBCDD industry should have a vital interest to 
application in textiles and optimize rei 
production to continue t 

~---'-

HBCD Alternativ 
and XPS Polystyrene Insulation 

C. Resin/Material Substitution & Production Redesig 
)- 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 

interior. Thermal barriers can be used to 
increase the fire retardant performance for various 

of insulation. 
)- Commonly used thermal barriers include: gypsum 

board, gypsum or cement plasters, perlite board, 
cellulose, mineral fiber, or gypsum  

coatings, and select plywoods.  

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

German Environmental Agency (UBA 2008): 
>- No in flame retardant for HBCDD in polystyrene 

applications (XPS, EPS and HIPS). 
>- A range of alternative insulation materials is  

commercially available and can substitute HBCDD  
containing polystyrene in many applications.  

POPRC: HBCDD list in Annex A or B 

Sweden: propose to evalute if XPSfEPS would need 
an excemotion if HBCDD would be restriced in EU. 

BASF (largest producer of XPS/EPS Europe):  
"In a few years SUbstitution  

Informatio  
Con  

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

Technical feasibility; and 
Costs, including environmental and health costs; 

(b) Alternatives and processes): 
T..r·hni...." feasibility; 

including environmental and health costs; 

alternatives! Important for human and environmental ris 
assessment but also of key impotance for the lndust . 
---....-~-- and users (approach of REACH!). 



;f~ji ''<;~ Printed Circuit Boards: TBBPA' 
",' " ~ 
\	 - ''I and Alternative Fire Retardants us._ 
~A main use of TBBPA is in Epoxy resins used for PreB 
~ Currently the US EPA has a comprehensive project on 

"FLAME RETARDANTS IN PRINTED CIRCUIT BOARDS" to 
evaluate possible alternatives to TBBPA. 

~ The report is divided into two parts 
~ Part 1: provides an evaluation of the environmental and 

human health hazards associated with the manufacture 
and use of the FR-4 boards (UL 94 VO compliant) and a 
preliminarydiscussion/identification of end of life issues 

} Part 2: Part two of the report will present experimental 
data from the investigation of the thermal breakdown of 
boards and the by-products formed under different 
combustion conditions. These data may proJroe-torth 
insight into end of life disposal issues 

us EPA, FLAME RETARDANTS IN PRINTED CIRCUIT BOARDS. Draft Repo 11/2008 

Printed Circuit Boards: TBBPA6 

and Alternative Fire Retardants 

» Alternative flame retardant materials are used in only 
3-5 percent of the current FR-4 boards. Additional 
alternative flame retardant materials are under 
development. 

~ There has been a continuous increase in the demand 
for halogen-free material over past few years. In 2003. 
global halogen-free laminate market was approx. $60 
million. In 2004 this market grew to $161 million, in 
2005 it reached $239 million estimated at $307 million 
for 2006. 

-I'~. •"" Printed Circuit Boards: TBBPA' t " ~ () ~ and Alternative Fire Retardants 
U5. epj>. 

Most key laminate 
suppliers now Global Halogen-Free Laminate Market (2006 
include halogen- Others 
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t	 elrportfollo. ITE? ~ .'.... 

Pricing for 6.4% . ." '. Matsushit 
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Printed Circuit Boards: TBBPA6 

and Alternative Fire Retardants 

} 	 Little information exists concerning the potential 
environmental and human health impacts of the 
materials which are being developed as alternatives to 
those used today that are based on brominated epoxy 
resins. 

} 	 Environmental and human health impacts can occur 
throughout the life cycle of a material, from 
development and manufacture, through product use 
and finally at end of life of the material or product. 

Printed Circuit Boards: TBBPA:° 
and Alternative Fire Retardants 

} 	 In addition to understanding these potential impacts  
associated with flame retardant chemicals,  
stakeholders have expressed a particular interest in  
understanding the combustion products that could be  
formed during certain end of life scenarios.  

It is a challenge to do this assessment in laboratory! 
Way forward : Field measurements in smelters managing 
PrCB. And test of simple smelting operations. 
} The electronics industry is forming this partnership to 

develop information that will improve their 
understanding of the environmental and human health 
impacts of new and current materials that cln be used I 
to meet the fire safety requirements for circuit boards. 

http://www.epa.gov/dfeJpubs/projects/pcbi 

l 

http://www.epa.gov/dfeJpubs/projects/pcbi
http://www.epa.gov/dfcfpubsfprojectsfpcb
http:materia.ls


European Research Project ENFIRO: 
Environment-Compatible Flame Retardants 

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

);. 	ENFIRO offers a prototypical case on 
substitution options resulting in a comprehensive 
dataset on the viability of production, application, and 
environmental safety, including a life cycle 
assessment (LeA) 

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

http://www.enfiro.eu/ 

Ecological Priorities for6 

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 

5. Reactive embedded halogenated flame retardants. 
6. Additive halogenated flame retardants which are n0 1'''' """''''_, 

non-bioaccumulaling without long-term human loxi or ecotoxic 
effects. 1 

http:http://www.enfiro.eu


Stockholm Convention POPs - From 

Most current Stockholm 
and therefore 
r [Annual Consumption BFRs in Japan 

OOthers 

CT13BP-A. epoxy oli gomer/polymer 

C!! Brom lnattd polystyrene 

018BP-A. polycarbonate oligomer 

Ill: Bls(tr1bromophenoJ:y)ethline (BTBr1'E) 

-Tribromophenot (TBrP) 

6' 

Sustainable Production: Recyclability Polymers 
Polymer types in small WEEE plastic samples (%, w/w) 
(Dimitrakakis et al. 2009) ,"6"";",",-­ "- , 
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Information and further Research':' 
Contribution from Research Communit:t 

y 	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 . 

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

;.. 	External cost estimates/calculations of harm 
caused by PBDE/BFRs to humans and biota. 

y 	Life Cycle Assessment of PBDE alternatives (other 
flame retardants and alternative technolog ies). 

6. 

Recommendation/Conclusion 
>- (Organic) Chemicals need to be evaluated for their 

Persistence, Bioaccumulation and Toxicity before bulk 
production starts (concept of REACH). This is crucial 
to address global chemical contamination. For most 
FR applications alternatives to BFRs are on the 
market. Currently large research projects on total LCA 
of BFRs & alternatives in EU and US. 

>- Toxicological assessment of alternative needed. 
>- End of life/recycling performance of alternatives. 

~ The most sustainable chemicals ("Green Chemistry") and 
sustainable products ("Green Design") are likely to survive 
on the market. Several excellent Chinese reSearCh groups 
work on alternative flame retardants !! 

Stud~ on OSOPE  
y Now higher production volume then DecaBDE. 
;.. Only few debromination studies (key question for 

the assessment of fate of DecaBDE). 
y Analys is of Mono to NonaBDPE not available. 
.,. What are other degradation products? (thermal, 

photolysis, sediments) . 

;.- What is persistence and toxicity of degradation 
products? 

72 
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Study on Chlorinated Paraffins 
Jr 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 

(hyd roxy-, carboxy-metabolites?) 
;;.- What are UPOPs in these materials? 
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.:. Administrative Measures forthe Import of Solid Waste (2011) 
- Gatalogue lor the Adm/nislration 01 the Import 01 Solid Waste 

E-waste management including 

e-waste plastic in China 
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Standards and rules for certain a-waste: 

.:. Envirorvnentat protec1ion controt standard for imported solid wastes as 
raw materials - Waste elec1ric motors (GB 16487.8-2005): Waste wires 
and cables (GB 16487.9-2005): Metal and elecbical app~ance scraps 
(GB 16487.10-2005) 

.:. Rules for the inspection end quarantine of waste imported as raw material ). JoWty tormutatt , adJuct And pWtI.h the Importl catalog of solid wane  
-Part 6: Scrap metal and electrical appliance (SNIT 1791 .6 -2006): Part  ). Wont coOtdlnaUon mKhanlsm. Infomt&tlon 'h~ring 

I  
(SNIT 1791 .8-2006) 

7: Scrap wires and cables (SNIT 1791 .7 - 2006): Part 8: Scrap motor 
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.:. Managemen1 procedures for tile import of scrap motor. scrap metal and 
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.:. The Regul"tion for the Administnrtion of Recycling and Treatment or Waste Electric and 

Electronic Equipment (2009) (Chinese WEEE) regul;rtes multi-channel collection system. 
-:. The exi.tting ..weste collection system is II. mixed system with the traditional collection and 

collectioo under the national policy guidance. 
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Rlpu..r!orl 
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.:. Production enterprise coliecUon .:. Treatment enterprise Collection 
-reyerselogistics 
Through Iho sOles or repairing Self-construction collection pots and 
~. seNke agendes recycling network, such as through 

telephone and online trading, 10 

"d.mtlvi 

.~:J9t~ 
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conecl e-waste from residents. 
For example, 
• Beijing residents could login in the 
website 
( , ' ' •• •• •• , _C" .-•. 

• Shanghai residents could login in 
the website (' :.!:, .- ., ., 
to deal with e-waste. 

.:..0;: 

E-waste treatment·facilities~::~i!fiiil·'$@illl.1! i 4·SiH,i.'i~&::'Ffi@ttl ' tl i4fiimfjJ 
-_...__ ... _---­

1. Included in the planning and obtaining permits 

2. Best av"ilablc technology and best environmental practice on e-waste  

recycling  

M"ke fun use of the abundant human resources in developing countries:  

, Consider the requirements of human health and environmerttal protection  

3. Finwcial support by the Funds 

:""" ":",.,,,,,·:1>.7-: ,.",1 
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The material flow of articles containing PBDE 
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Waste plastic mixture separation technology can be divided 
into two categories: 

r 	Dry method  
light separation;  
electrostatic separation;  
wind power separation.  

rWetmethod  
density separation;  

• sink and Hoat separation. 

« Basel and Stockholm ~T'IiIEP Quid'fL.-3 
Under the Convro.tion, Best Available Techniques (BAT) :ue deftned as °the most 
effective and advanced stage in the development of activities and their methods 
of ope.t1.tion which indic:lte the practical suita.bility of particular techniques for 
providing in principle the basis for release limitations designed to prevent and, 
whc're that is not practicable, generally to reduce releases of chemicals listed in 
Parl [ of Annex C and their imp2ct on the environment as a whole". 

Best Envirorunenul PfllCtiCes (BEP) :ue defined as °the application of the most 
appropriate combiru.tion of environmental control measures and strategies." 

Ia:.~ . --Basel and Stockhol~ BAT/SSP _ita 

Practical example of successful implementation or BAT and BEP 

i\~~if.-' ,j,;; .. [ ' ;\ '~ ' " ""='",", (:.' t~ ;("\1 P.~iU! ..;: ., .1t"1~ C-::.o:n,t 

B,\T and UEI' Gu.irb.ncc 
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Testing of PBDE samples  
and challenge of PBDE  

analysis  Tuting of PBOE S2.mples .. Challenge of PBDE Rnalysis 

Basel Convention Regional Centre for Asia and the Pacific 

Stockholm Convention Regional Centre for Capacity-buiiding and 


the Transfer of Technology in Asia and the Pacific 


~~· .;~""....... Ix-=.::II 
27" Nov. 2015 

Co 	 .., . 

PBDE screening method 

,I' 	 Sliding spcrk spectroscopy. Is a surface screening destructive method 

capable to rapidly detect halogens in plastic without prior sample 

preparation. The scanning time takes only a few seconds. The lowest 

detection limit for bromine with this technology is 0.1%. 

,I' 	 X-rayf';uorescence (XRF). isa non-destructive method and can be used 

for detection of bromine In polymers and other materials with a detection 

limit for bromine of 10 to 100 ppm. The time requirement for a 

measurement when apptying handheld items Is less than a minute. 

;... 	 ;'JJ0Vr:! t-,.;() !'n(~1hI}!}s am labour im(';n31......'). blfi ;f ;s nf)t r. or-mer In 

.j.').....~!0pjrJ(;!transit!c;n co;.!]:!:-:(-;:;:; \,;-iih If)w~:r WIlC](-;:;:; . 

./ 	X-ray iranS11l!r~sion te::hnolovy (XRT) : The XRT is non-mobile equipment 

applied in dismantling plants to sort scrap plastic by automatically 

monitoring the atomic density of materials. Industrial machines sort up to 

1 tonne of scrap per hour . 

./ Sink and fioat te::hnology : Polymer types exhibit different specific weights. 

and therefore liquid media with appropriate densities allow for separation 

of different thermoplastics into density groups. 

0/ R::"lrI~an sp~ct:oscoPi is mainly implemented in an 

experimental stage. 

,/ 	 Neutron 9.ctivaticr' anzti51s : this technique can only be applied in 

laboratory. the instruments are rather expensive and of limited 

practicability as nuclear expertise is required. 
lnstrumont of XRF·1800 



./ 	Gas c!:roomtogreph,//rness sp('~ctrum(GC./ll,.{S1 : is the most popular 

method to anafyse PBOE in plastic and environmental media . 

./ 	High performance fiqtri,j c]1[omalographyfrr,ass spt!cl.:-urr,!LCir·/S} . is 

another popular method to anatyse PBOE in plastic and environmental 

media. 

./ 	Oeier detectior, \eci,r~ql.Jes Sensitive electron ionization mass 

spectrometry 

t~ ! ~ .,>~ ~ :.1( :.. 

Gas Chromatograph-Mass Spectrometer 
CGC/MS) analysis 

ht:p . 

• 	 Equipment 

.,/ 	 .At. gas chromatograph \\-ith a capilla.y column coupled to a mass 

spectrometric detector (electron ionization. EI) is used for the analysis. 

TIle mass spectrometric detector shall be able to perfonn selective ion 

monitoMg and havc an upper mass range of at least I 000 mlz. The 

high-range mass is required to unambiguously identilY decaBDE and 

nonaBOE. The use of an autosampler is strongly recommended to 

ensure repeatability .. 

.,/ A column length of approximately J5 m has sufficient separation 

efficiency for PBB and PBDE compounds. 

• 	 International Standard 

lntemational Standard IEC 62321 Ed.1 (International Electrotechnical 

CommissioJl, 2008) has been developt!d. for detennination of levels of SL'I: 

regulated substances Oead, mercury, cadrniwn, hexavalent chromium, 

polybrominated biphenyls, PBDEs) in e1ectrotechnical products. TI,e 

determination of PBDEs (monoBDE to decaBDE) in polymers by gas 

chromatography with mass spectroscopy (GC-MS) is described in Annex A 

to IEC 62321 , including e>.1Iaction, analysis and quality assurance. 

• operat~ion staff 

Operation staff need weU trained. 

Gas Chromatograph-Mass Spectrometer 
CGC/MS) analysis 

TIle popular technique used to detect PBOEs in plastic products in China. 


There are two standard methods in China: 

Take National standard, GB/Z21276-2007 as an o Nfili~.\n,d sraJ1~i3r.:l method named Oetennination of Restricted Substances 
example: 

(polybrominated biphenyls and polybrominated diphenyl ethers) in 


Electrical and Electronic Equipment (GB/12 I 276·2007) 


o 	Indtbtri:il ;:;.t;,,,d<!rd method named Testing Methods for Hazardous 

Substances in Electronic Information Products (SJ I T11365-2006) . 
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1. Sampl e pre trea tment 

:':: u, \! pL: .'1?;.~ 

samples are groWld to a size less than I mm using the crush method 

~>m:pl:: '~l.i. ;} hl) 

0.5-2g 

E·:'I. :;J,~ (i ,: l "::Ilv f;f ;r 

for Soxhlet extraction, the solvent is toluene and n-propanol ~ 

for microwave e.xtraction., the solvent is toluene and methanol 

r'::'\ 1!'3c! i:,"JI ti!ll~' ;,1':·1 r:Jh~ 

at least 30 extraction cycl~s> ahom 6 hoW'S 

~,­ , 

2. Equipment condi tion 

(.i 'l-; ;;hce>!llllt')p'!'lph\' ..:. mdili0!1 

the GC colwnn is fused quartz capillary colwnn length 15 m; internal 

diameter 0.25 1lUT1 ; film thickness 0.1 ~ (DB-5MS) 

)TW·....~ l:.\ r 

pulse ",thout split, the temperature is 250·320' C, and the injection 

volwne is 1-2Jll. 

C:,,:;i~'r 1.8 mLlmin 

("r,lil.sF:, !liW 320" C 

kni:t::.!i·m m,~Lll,),j ion source temperatW'e is 300 0 C 
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• Addition of the lot.roal standard (IS) 

Add CI3-pendaBDE, Cl3-octaBDE or DBOFB(4,4'­

dibromoctaOuorobiphenyl) 

• CaUbration 

A calibration cwve shall be developed for quantitative analysis. At least five 

calibration solutions shall be prepared in equidistant ooncentration steps. 

Quantification is made on the basis of the measurement of the peak areas. 

The linear regression fit ofeach calibration curve is required to have a 

relative standard deviation (RSD) ofless than or equal to 15 % of the linear 

calibration function. 

.. 
. '", 

Quali ty control method 

One reagent blank shall be extracted with each sequence ofsamples. 

One sample per sequence or one eve!), ten samples, depending on the 

sample load, shall be spiked with 10 /IS of each congener in the matrix 

spiking solution. 

A sol vent blank run between each injection is recommended in order to be 

certain that there is no anatyte cany-over from sample to sample. 

More details please see IEC62321-2008 

'. ;;, 



Precise sampling is a difficulty. Take a discarded computer as an example. There 

are many plastic parts in a computer, such as shells, cables, fans, plug and so on. It 

is difficult to identify which parts of plastic contain PBDEs or some other 

brominated compounds by visual detection. 

3. 	 Can not be used on site 

4. 	 Cost is high(include maintainance cost, operation cost, 

investment cost, standard sample cost etc.) 

5. 	 Etc. 

,
 
:;~-.. 	 . ","r-'l: 
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2. Challenges of sample pretreatment 

);> Because different types of plastics have distinct 

characteristics, the crushing methods should change 

according to the sample 

);> Different types of plastics need different solvents, which 

need many research work to select proper solvent for 

different plastics. 

);> 	 Many extracting solvents can dissolve the polymer which 

increase the solution viscosity and jam the injector 

);> Long time for pretreatment 

!l!:..,.·iwww.OCIC''1 

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 (he Pacific 
Add: Sino-Ualian Environmental and Energy Building, Tsinghua University 
Tel: 861062794351 Fax: 86 1062772048 
Email: '. 
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1~3 Main Fields 

Objectives of the workshop on 
sound management of PBDEs 

and phasing-out opportunities in 
Sri Lanka 

Ina c-.ntloft Re~ CeMre for Alb and (he! P-cH'c 

.~~IoftRt"ocWCHI:... foreap.dtr~, 
aNI the 1'Hm:ft-t 01 lIchnoIolV In A,a. and lhe P,.[ : 

Object es~3 
W'orkshop on sound management of PBDEs and phasing-out 

opportw:l.itics in Sri Lanka 

>- A part of a projcct uSupport developing P:trties to phase-out industrial 
Persistent Org:u-uc Pollutants" 

Facilitate the Wldcrstwdingof ruuiorul siruations rcg:trdingindustrial POPs, 

in puticular the brominatcd diphenyl ethers (pOP-PBDEs) in one typic:tl 

usage lUU IUld containing articlC"S, while promoting the environmental sound 


mQl1agcment of them in the target Asian countric~ 


An opporrun.ity to fUld the regional need for POPs marugl.!fil (:n t, 


Objectives~ 

)0 To promote the information platform wd share the 
outcomes and experiences, including lessons leuned. 

)0 To cre::&tc: a Com.muruCltion du.nnel for advanced 

(.."<periencc on intemationa1 POPs. 
» To explore possibilities to develop a regioruU strategy 

to promote envirorunent.a.Uy sound POPs ma.nagement. 
)0 To t:>t.-piore POIc::ntid collaboration in the future. 

I ltL~. 

~ 

tL.3
i
C "'I {{L~ 

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  
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• 	 Until now over IW proj«'IS hu bern conlplet«1 or being impltmcnl«1 by 
BCRC OIinl. fimmctd by inI('(rnliofUll organizalions intruding the SlrlltgiC 
Approach 10 International Chemicals Man8gcmCllI (SAlC?!). Tru~1 Fund (BC) 
and Tcdtnical Cooper3lion Tru.Jt Fund (BD) (or the BISel Convention. 
bihltnl cooptrlliion finance from goVtrnmcn\s of Ntiherlands. JapUi and 
othCf" cotmtnt'J. finance from mini5lrit'J of China including Ministry of 
Envirorunt1ltal Protection. Ministry of Science and Tecimology. and provincial 
and ciry Environmcn!al Prol«'lion Agencies. and cooptrlltion finance from 
fndustric:s.. 

• 	 TIle cameDl, In\'olvc policy mmi~. expCf"ime(11 anllysl~. ledmology research 

and dc-vclopmenl. projC'd demonstrations. de. And Ihe research arC'iIS cover 
~olid w:lS'lC'. huvdous Wll$1(", e-wlS'le, POPs, and support (or convC'llIion 
impIanmlzlion. 

/o,l~:"".'''"'.'"'((.''' 
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1f4~c: POPs loIa~e.ent 
R«'cnI sptci1ic pr-ojec3: 

·:·Support developing Parties to phas&oout industrial Persistent 
Organic Pollul.2lnts (POPs), 2014-2015 

·;·Projecl on Ihe sound managcment of POPs in articles and 
passing-out opportunitics en emerging countries, 2013-2014 

':'Sound Management of POPs in article and phasing -out 
opportunities in deVeloping countries and emerging economies, 
2012·2013 

, '~ 
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·;· ChlnlfluoruC"ntL)",p' cOlltction lnduutnltntdt",onsuuion proJ .. ct.EU­
ChIn" ESP. 2013-2016 

.:- Study on the B.n Enylronm.nt Prlcdc" of Product" On e.wntt Mlnlgtm.nt 
(Cu. study on Mobil. Phon.}.2015-2OIiS 

.:. A"."lng the SUtus of E·wnt. Rtcycllng In S.I.ct"d t;:ountrlu In the AlII_ 
Plcific RIglon Ind Flcllitmng !flt EnylronmtnUUv Sound Mlnlg.m.m: ofE· 
Wl1t•. Th. ncrturilt of Bu.1 Cony.ndon. 2014 

.;. Study on thl -Th. R.gulltion. for!fle Admlnlnrmon of R.cycllng ."d Trlltment 
ofWutt Ellcmc Ind EI.ctronlc E~ulpm.nt -."d supporting poUciu In Chlnl. 
Mlnlnry of Enylronm.n~1 Protecdon of Chlnl. 2011-2013 . 

·;·Studytng thtllbour. Humin Htllth lnd Enylronment OI",.n,lon, ofth.E...... ut. 
Mlnlg.mtnt Stetor In Chin.. InttmltiOnl1 llbour Orlllnilition. 2011 

.;. elyelopm.nt of I Publlc-PriYUI Putntrlh!p for E-wnt. Collecdon. tht 
S.Crturlu of Bu.I COnytnrlon.2010-2011. 
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Objectives of the workshop on 

sound management of PBDEs 


and phasing-out opportunities in 

Sri Lanka 


e.ldc-n._,,~ C.lllr.fot". tM iMPadRc 

D~c.-",*,"DCIon.tICeflttw"CI9~ 
MIt the ThIftdc, 01 r.ct-Iorv'" " .. 1M tho P.dRe 

. ObjectivestL.3: 
Workshop on sound management of PBDEs and phasing-out 

opportun.ities in Sri Lanka 

» A put of a project 'ISupport developing Parties to phase-out industrial 
Persistent Orga.nic Pollutants" 

Facilitate the undcl'$tandingof national situations regarding industrial POPs, 

in puticular the brominated diphenyl ethers (pOP-PBDEs) in one typic.! 

usage a.rea. and containing articles, while promoting the envirorunental sound 

management of them in the l2.tgt:t Asian countries 

An opportunity to find the regional need for POPs mwagement. 


£ 
~. Objectives 

» To promote the lnformation p12.tform and share the 
outcome.~ a.cd c>tp(ricnces, includHtg lessons le2.rned. 

),> To ecote a cOlUffiuruc.ation cru.nnel for l!-dv:a.nced 
cxpccitnce on interru.tional POPs. 

)- To explore possibilities to d<:velop 2. regional strategy 
to promote: environmentAlly sound POPs managemenl. 

» To ocplore potential coU.bollltion in the future. 

' ~IIL.~"'----~-
~ !1-~ 

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 

• Training, InfoI1D8tion 
• Awareness Raining, 

Consul til'l8' 
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• 	 Unlil 00" over 180 projedS hu b«tl complct«l or be-ing inIPJemenled by 

BCRe al~" firunced by inlcmltion11 OtgIniulions iachJding the Stntegic 
Approach 10 InIClllllional Cltcmlcdl: ManlgemC1lI (SAlCt-t). Tru.sI fund (BC) 
aDd TeChnical Coop<:nlion Trust Fund (BD) fDr the Suel Convcnlion. 
billienl C'OOpcn1iOfl fiD:m:c from govcmmcDh of Netherlands. Japan Ind 
oUter !;1)UDtrie:s., 6ru.oce from ministries of Chinl mcludb\g Ministry of 
£n\~ll PJOIC'Ction. Minisfry of Science Ind Technology. II'1d prOVincial 
and riIy Eoviromnc-nlai Protectioo Ag,cnr:ics. IlDd coopcntion falln ce from 

""""'""­
• 	 'JbC" c~ invohlt policy d\Jdies. c:xperimelllloaJ)'ds . Irtftnology resufch 

.od <kvclopmc1l1. protC'ct dcmonstm.ioru:, d c. And lIle rcsurch arns coy« 
so6d WUCc. hazardow "'ute. t'-"·Uit. POPs, IIDd support (or conVeotion 

~I"loo. 
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~. Chin, fl.... r"c.1"I': lJomp, c.lI.ctIon &nd ","uun.nt cltmonHutfon P,oJ'ct. fU· 
Chin, fSP. 2013-2016 

.:. SNdy on d'I. a..eEnvlr.nm.nl Pnctlcn .f Producen on E-Wln. ~bnl!lomotrt 
(CU"CUdy.n Mobil. Ph.n.). 201~-2016 

·;' A"",,"" d'I. SU"tUI of E .....ul. Ru'(clin!l In S.loclocl C.unu1 .. In d'I. Alb. 
P1Cll\C R'III'n Incl flcllltJdn!l !I'I. Envlronm"nnlly S.und '.bnlg.mont ..fE · 
wUto. Th. ncrolMbt .f Buol C.nvortdon. 2014 

.:. Study . n a-.. -Th. R.aulHlonl for!l'lt Admlnll","u:lon of Rtqoc:llna ,nOil Tuzt!l'Itnt 
ofWuto EI.ctlic &tid Eloctl"onlc Equlpmont ·,nd.uppol'"llna pollel.. In ChIn" 
Mlnlu..., of EnvlronmonuJ Prot.cdon orChln" 2011-2013 . 

.;. Studyln" d'I. L,llour. Hum&tl H.lIth Incl Envlronmtnt Dllllln.loni of1flo E-wJ.uo 
M&tI'".motrt So~or In Chlnl. Intomulonll Liliou. Or",nIIHlon. 2011 

.:. Ot"' tl.pmtnt.f I Publlc~nVIIt P,rtntnhlp for E-wJ.ut Collocdoll.. 1fIo 
Soutann.fB"tl C.nvtlTtlon.2010-2Ql'. 
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~3'r: POCsJ!!Wl8eeent 
R«cat spcd6c projects: 

·;·support developing Patties to phase-out industrial Persistent 
Organic Pol utants (POPs). 2014-20t5 

';' Projeclon the sound management of POPs in articles and 
passing-out opportunities en emerging countries, 2013-2014 
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PBDE Study - Background 

• National Inventory development for 
specific chemica~s 

• Nature of Chemicals entry to Sri lanka 
• Objective of the inventory 
• 	~mplementation of internationai 

conventions 
• Understanding the chemicals 

management environment 

I '  



'Gi' ~ Ministry of Environment, Sr i Lank<1 

National Implementation Plan 
for the Stockholm Convention on  
Persistent Organic Pollutants (POPs)  
in Sri Lanka  
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National PBDE 
Inventory and 

Action Plan 

Step by step inventory approach  

> ' - . ' _. " . -. ~ - . ". 

s~te, p .4:'Ma,'oaging , an~~ Q:v~lliJati; lJgthe da~a 
. ... ' ., ,­ ~. . , " . "." .. , -;.,. . .. - - . . ' . . . . 

• St~,pi~':Prepa'ring:lh~j;l1veJ)tqry r~e.p-·Qr:t . 
. ' '- ' " ~,. , ' . . . , ____ ~_I.J.. •. , .. , . ~ ...... .... .. -"'". '-' . • _ . ' 



Ministry of environment and ministry of industry; 

Basel Convention focal point (and stakeholders in 

Basel activities on e-waste) ; 
in the possession of 

Total POP-PBDEs in can calculated as: 

Iymer(k) X 

fraction in 
[kg/tonne! 

• the share of the polymers in different EEE/WEEE ,.."~=n~.:~ 
• the POP-PBDE content of those polymers 

Information n 
• an inventory of stocks and flows of 

• 	 Importers and exporters of electronics; 

• Retailers of electronics and second-hand 

electronics; 

• Recyclers ofWEEE; 

• 	 Recyclers and users of polymers from WEEE; 

• Research group working on EEE/WEEE 

NGOs working on WEEE/POPs ; 

• Other relevant stakeholders in the country. 

the waste stream, 
i.e. WEEE; 

• 	WEEE plastics for recycling (from 
domestic WEEE and imported 
WEEE polymer fraction). 
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The amount ofc-OctaBDE in stockpiled CRT computer and TV monitors 
durine:the period 0[2007-2014 

The amount ofc-OctaBDE in waste CRT computer and TV monitors for the 
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The amount of POP-PBDEs present in 
EEEand WEEE 

Total amount of POP-PHDEs in PUR foam of 
vehicles in current use or sale 

vehicles 

Motorlorries ~~,6 



';", 

IIggesi(~d handtit:ld XRF eqnipment 
i\'iodeI: Kiroll XL3t Handheld XRF , Mauufactm:er Ttiel'mo Scientific USA 

WEEE 

ICT equipment without CRT- and flat 
screens 
Consumer without CRT-
and flat screens 

not detected or at average concentrations clearly (i.e. more than an order of magnitude) below 

plastic Iype predominanlly containing the substance 

(SQttr(t~:W.Iee:r<tt;tf. 2010;W~e:fEt at 20LZ) 
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BRS and other hazardous Chemicals Management Diagram 
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List orCbemicals 
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Import/Export 
Control Department 

Irjlport 

-Rotterdam Convention 

-Stockholm Convention 

(!mport/Export) 

Chemic.als 

Management 

, " , 

Depa rt rnent of 

Customs 

Committee 

Technicallldvisory 
Comminee 
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