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1 Introduction

In May 2009, theConference of the Parties amended t&tockholm Convention on persistent
organic pollutants (POPs) #&mld certain brominatedlame retardans (BFRsho Annex A
f  Hexabromobiphenyl (HBB)
1 Two polybrominated diphenyl ethers (collectively referred to as HRBBEsin this
documen):
1 Hexabromodiphenyl ether and heptabromodiphenyl ether
1 Tetrabromodiphenyl ether anghentabromodiphenyl ether
Like all POPs, these chemicals possess toxic properties, resist degraatadibipaccumulate They
are transported through air, water and migratogpecies, across international boundaries and
deposited far from their place of release, where they accumulate in terrestrial and aquatic
ecosystems.
Partiesto the Conventionfor which the amendmentéave entered into force, haveo meet the
obligations under the Convention leading to the elimination of the listBffR. Due to the
complexity and magnitude of usage of tROPPBDEseliminating them represesta challenge for
many Parties.
These chemicals have been widely used in many industrial seotattsef manufacture of a variety
of products and articles, including consumer articles. For example;PBDBs have been used in
the electronis industry for the manufacture of plastic casings for computer equipment and in the
transport industry for the manfacture of foam cushioning in automobiles.

1.1 Purpose of the guidance document

Under Article 7 of the Stockholm Conventidtartiesare required to develop and endeavour to
implement a plan for the implementation of their obligations under the Convention. This national
implementation plan (NIP) has to be updated with information on Hearties, for which he
amendments have enterechiforce, willaddress obligations arising frommendments to the
Convention to lishew chemicals, in accordance with decisiorl82 of the COP

To develop effective strategies that chad to the elimination of thdisted BFRsPartiesneed to
acquire a sound understanding of tlire national situation concerning these chemicals. Such
information can be obtained through an inventorylsted BFRsThe establishment of inventories
is thus one of the main phases in the development of NIPs and is recommndeadgepart of the
elaborated process for reviewing and updating of NIPs, endorsed by the COP (deciaiéh SC

The mainpurposeof this document is to provide technical guidanceP@rtiesof the Convention on
the establishment of inventories dfie PORPPBDEgand HBB) listednder the Convention in 2009
This document will be of use to national focal points for the Convention, the coordinator dflthe
review and updag processandtask teams responsible for establishing the inventory. It will also be
of interest to other stakeholders concerned with the eliminatiolP@PPBDEs and HBB

1.2 Objective s of the inventory

The main objective of the inventory is to obtain informatiomeeded br the implementation of
their obligations in the Stockholm ConventidMore specificallythe objectives ar¢o:

1 Evaluate whether the currentecyclingof products and waste management meet the
requirements of the Convention and identify areas whtrey do not

! Since known production of HBB stopped in 1970s, the majority of products and articles that contain HBB
were disposed of decades ago. As a result, the scope of the HBB inventory in many countries may be limited.
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1 Providethe basisfor develogment of astrategy in theNIP (i.e. identify the economic
sectors that should be prioritized and the type of actions required for those sectors)
Report to theCORof the Convention on progress made to eliminate FRBBES

= =4

to fill the gaps in the inventory/fullithe obligations of the Convention).

The information obtained about PEGPBDEg$hroughthe inventory includeshe following

Past and currentisesproduction ofPORPPBDEst the national level

Presence of products and articles containi@@PPBDE®nN the consumer market

Hows into a country of products and articles containBQPPBDES

Presence of products andticles containing®ORPPBDESN the recycling streams

Disposal practices for products and articles containf@PPBDEswhen they become
wastes

Any chemicaktockpiles

Potential contaminated sites

=A =4 =4 =8 =4

=a =

Collected mformation on the above will provide broader understanding of the sources &#OR

Identify areas where financial or technical support are needed (when resources are Jimited

PBDEs the scope of their impact and the risks that they pose to human health and the

environment in a country. The information is important fBarties to evaluate whether they
complywith obligations under the Convention regardiRQPPBDEsand identify areas where the
need to develop effective strategies and action plans for manag@BPBDESN order to meet the
obligations. Information collected as part of the inventory wifo provide a valuable basis for

Partiesto report to the COP on measures taken to implement the provisions of the Convention and

the effectiveness of such measures.

The inventory process is usually iterative. In establishing the inventoROBPBDESor the first

time, Parties will also identify resources and technical capacity needed to further improve the

accuracy of the inventory.

1.3 Structure of the  guidance
The guidance is divided into sevehapters

Chapter loutlines the purpose of theguidanceand the major objectives for undertaking an
inventory.

Chapter 2providesnecessanpackground information on th®ORPPBDEs and HBBr undertaking
the inventory.

Chapter 3outlinesthe five main steps involved ronductinga generalinventory of POPPBDESIt
also provides an oveview of considerations that aremportant for planning the inventory and
definingits scope.

Chapters 4 and Bontainspecific guidancéor the two main sectors of concern for the inventory of
POPPBDESselectrical andelectronic equipment (EEE) and related waste (WEBH)the transport
sectors These are the sectors in which REBDEshave been predominantly used anbat are
likely to be relevant for many countries.

Chapter 6provides backgroundinformation on minor applications ofPOPPBDESs that may be
relevant for certain countries

10



Chapter 7provides guidancen how to investigatevhether the locations with previous activities
related toPOPPBDES arg@otentially contaminated

The key design and contefgatures of this guidance are:

Step by step approachfheguidance is designed to provide a clear stgpstep approach that can
be followed and implemented by a wide variety of usekdive-step approachs provided for the
overall inventory from theplanning stage topreparation ofthe inventory report (also seehapter
3). More detailed and specific guidance on stakeholders, data collectiorficetkey sectorsan be
found in chapters 4 to 7.

Questionnaires and reporting formatAdditional information such asthe listing of POFPBDES,
guestionnaire quality guidelinesare provided imnnexes 1 t®.

Products and articles containing P@HBDI

=

AND WASTES

DRILLING
& CONSTRUCTION MATERIALS

INTERIOR FOAM
& CARPET PADDING

Figurel-1: Products and articlesontaining PO#PBDE
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2 Background information on c-PentaB DE, c-Octa BDE and
HBB

Commercial PentaBDE c-PentaBDE (i K S K 2 Y 2 teaBrda®diphen§ll ether and
pentabromodiphenyl ether'? as well as c-OctsBDE GKSEFONRPY2RALIKSYy® ¢
heptabromodiphenykther'® are listedunder the Stockholm Convention

TetraBDE pentaBDE hexaBDEand heptaBDEare listed in Annex A of the Conventjand their
production and usehaveto be eliminated by Parties subject to the exemptions allowed by the
ConventionThesdisted POPs are referred to in this document as FRBPEs.

Hexabromobiphenyl (HBB) is listed in Annex A of the Convention. Therepsgcific exemption for
its productionor uses.

2.1 POP-PBDEs and HBB in the Convention

Polybrominated diphenyl ethers (PB®HEigure 21) are a group of industrial aromatic
organobromine chemicalthat have been usedince the 1970ss additive flame retardants in a
wide range of mainly- consumer productsPBDEwere produced with three different degrees of
bromination, and marketed as-RenteBDE, €©ctsBDE and commerciddecd8DE (decdDE)
(Alaee et al.2003; Prevedouro®t al, 2004; SFT2009). Typical homologue distributions of- ¢
PentsBDE and -©ctaBDEare shown in tables 21 and 22. Although c-Dec&8DE has not been
found to containPOPPBDE, it can formPOPPBDE by debromination during its life cygléhus
representing an important reservoir fOPPBDE (UNER2010¢ Ross et a]2009).

The octaBDE nonaBDE and decaBDEhomologuespresent in the mixture are nolisted. These
highly brominated PBDE$iowever,can be degraded t®ORPPBDE by debromination (UNEP
2010b,201).

O
Brm-- ---Br

Figure2-1: Structure ofpolybrominated diphenyl ethers (PBDES)

% With the main congeners 2,2',4;4etrabromodiphenyl ether (BDB7 CAS No. 400887-9) and 2,2',4,4'5
pentabromodiphenyl ether (BDE9 CAS No. 3253&1-9) and other tetra and pentabromodiphenyl ethers
present in commercial pentabromodiphenyl ether.

® With the main congeners 2,2'4,4' 5/5&xabromodiphenyl ether (BBDE3, CAS No: 6863M10-2),

2,2',4,4' 5,6hexabromodiphenyl  ether (BBDES4, CAS No: 207125%4), 2,233,456

heptabromodiphenyl ether (BDE75, CAS No: 44628%-7), 2,2',3,4,4',5' éheptabromodiphenyl ether

(BDEL83, CAS No: 207128-5) and other hexaand heptabromodiphenyl ethers.

DecaBDE can degrade in thermal processes, environment processes and in biota to lower brominated
PBDEs including POPPBDEs (UNEP, 2010c). Other #mdatien productsare polybrominated
dibenzofurans and, depending on conditions, polybrominated dibgrdmxins (Weber and Kuch, 2003;
Ebert and Bahadir, 2003).

4
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Table2-1: Composition of ®enteBDE
(derivedfrom La Guardia et al., 2006; SFT, 2009; Schlummer et al., 2011)

Categories | Tribromodi Tetrabromodi | Pentdbromodi Hexabromodi Heptabromod
of PBDE phenylethers phenylethers | phenylethers phenylethers phenylethers
Congener BDE BDE BDE47 BDE BDE BDE BDE BDE183

17 28 99 100/85 | 153 154
Content Traces | Traces| Major Major | Minor Minor | Traces | Traces
Distribution
for 0.5%** 3395 5894+ 89g** 0.59%5**
calculations*

*The homologue distribution in commercial PBDE has a variation depending on producer or production lot.
For inventory purposg a distribution considere@san average distribution of PBDE homologueprimducts
was chosen

*TriBDE is not listed aaPOP and therefore dsnot need to be included in the inventory.

*** The percentage of the PBDE homologthed are POFPBDES

Table2-2: Composition of ©cteBDE
(derived from La Guardia, 2006; SFT, 2009; Schlummer 2011)

Categories | Hexabrome | Heptabromodipheny| Octebromodiphenyl | Nonsbromodi | Decdromodi
of PBDE diphenyl | ethers ethers -phenylethers | -
ethers phenylethers

Congener BDE | BDE | BDE | BDE | BDE | BDE | BDE | BDE | BDE | BDE | BDE209
154 | 153 | 183 |180 |171 |197 | 203 | 196 | 206 207

Content Traces| Minor | Major | Traces| Traces| Major | Minor | Minor | Minor Minor | Traces
Distribution
for

. 1196 4398** 35%** 10% ** 1%**
calculatiors

*

*The homologue distribution in commercial PBB&S a variation depending on producer or production lot.
For inventory purposga distribution considere@san average distribution of PBDE homologues in products
was chosen

** OctaBDE nonaBDEand decaBDEare not listed as POPs and therefate not need to beincluded in the
inventory.

*** The percentage of the PBDE homologues that are-PBIPES.

Hexabromobiphenyl (HBBis listed in Annex A. The rjua congenes of commercial HBB
(FireMaster Fim 0 6 SNB f | NBHetaBromabiphefyt (REEBRQ aceolinting for 580%

2F GKS G204l f YI aasz -Reptarothdbphenyl 6(RBB d48D;HIB%) > n Q3 p
HZH Q2 ehéxabbomdbiphery! (PBB 13819%) (Pijnenburg et all995).

2.2 Production of commercial PBDE mixtures and HBB

GPenteBDE was produced in Israel, Japdre United Statesand the Eropean Union (EU) and
possiby China (UNER00G, 2010b). Production in the EU ceased in 1997. It is assumed that since

13



the late 1990sPOPRPPBDE were mainly produced in the klted Sates and production endedin
2004.°

GOctaBDE was produced in the Netherlands, Frathednited Sates, Japan, United Kingdom and
Israel. Production stopped in the EUnitéd Sates and the Pacific Rirm 2004, and there is no
information indicating that it is being produced in developing countffemex3; BSEF 2007

The compilation of PBDE production data prepared for the POPs Reviewing ContRtR G)f
the Stockholm Convention estimated thetal production of all PBBErom 1970 to 2005 as
between 13 millionand 15 milliontonnes (UNER2010a). Theotal amount of c-PenteBDE and-c
OctaBDEused in the worldwvere estimatedat around 100,000 tonnes each. The productioncof
Dec&8DE® which & not listed was estimatedat over 1.1 million tonnes until 2005€e able 23).
While the production of POPsRentaBDE and-©ctaBDE ended in 2004, the production of
DecaBDE continues.

Table2-3: Estimated total production of PB@Bmmerciaimixtures 19702005

Commerciamixture Tonnes

c-PentadBDE 91,000 to 105,000
c-OctaBDE 102,700 to 118,500
c-Deca&BDE 1,100,000 to 1,250,000

SourceUNEP, 2010a; derivédtcbm Schenker et al., 2008 and Li et al., 2010

Approximately %00 tonnes of HBBvere produced in the US from 1970 to 1976Available
information suggests that production and use lBBceased in most, if not all, countries the
1970s.1t is possible however, that HBBis still being produced in developing countries or in
countries with economies in transition.

2.3 Former uses of POP-PBDEs

The main manufacturing secwihat haveused PORPPBDIES areas follows
Organobromine industry

Electrical anetlectronicsindustry;

Transport industry

Furniture industry

Textilesand carpet industry

Construction industry

Recycling industry

=4 =4 -4 4 _a_9a_2

2.3.1 Formeruse s of c-Penta BDE

It is considered that between 99and 95% of the use ofRentdBDE was for the treatment of
polyurethane (PUR) foam. These foams were mainly used in automotive and upholstery
applications. Minor uses included textiles, printed circuit boards, insulation foam, cable sheets,
conveyer belts, lacquers and possibly drilling oils (URBE7). The tadl amount of ePente8BDE

used for these minor uses is estimated to account for 5% or less of the total usageqSgT
UNER2010b). Alcock et al. (2003) estimated that 85,000nesof c-PenteBDE were usedoverall

®> Some uncertainty exists about thePRentaBDproductionin Chinaand when this productioended (UNEP
,2010a,201M).
® Dec®DE is degraded over time to the lower brominated P8BRdiding PORPBDESs (UNEP010b,201C).
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in the Lhited Satesand the remaining 83,000 bnnesin Europe. There may have been production
and use inMAsiabut reliable dataare not available.

An approximate distribution of globatRenteBDE use of 36% in transport, 60% in furnitare a

4% residual in other articles is considered to be reasonable and is generally consistent with the
analytical data for different waste streams (UNE®LOb).Table 24 summarizes théormer uses of
c-PentadBDE in various materials and applications.

Table2-4: Former ussof ¢-PentéPBDE in polymers/resins, the applications and adicle

Materials/polymers/resins | Applications Articles
Polyurethane (PUR) Cushioning materials, Furniture, transportation
packaging, padding, sound insulation,
construction packaging, padding panels, rigid PUR
foam construction
Textiles Coatings Back coatings and impregnation for

carpets, automotive seating, furniture in
homes and offiial buildings, aircraft,

underground

Epoxy resins Circuit  boards, protectivg Computers, ship interiors, electronic

coatings parts

Rubber Transportation Conveyor belts, foamed pipes for
insulation

Polyvinylchloride (PVC) Cable sheets Wires, cablesfloor mats, industrial
sheets

Unsaturated (Thermoset) Circuit boards, coatings Electrical equipment, coatings for

polyesters (UPE) chemical processing plants midings,

military and marine applications:
construction panels

Paints/lacquers Coatings Marine and industry lacquers for
protection of containers
Hydraulic oils Drilling oils, hydraulic fluids Off shore, coal mining

Source: UNEP 2009

The averagecontent of ¢Penta(BDE in PUR foam is reported to be aroun898(wt %) for

upholstery, cushiongnattresses, and carpet padding (ENVIRZ003 UNER2010a;see table 25)

used in particular in countries with flammability standards for these applications (aitedU
Sates, United Kingdom). PUR foam in the transport sector might halbeen used in lower

concentrations for applications like ssabr armghead ress at 0.51 wt % (Ludeka2011).

Considering the appraxately 100,000 tomes of cPentedBDEand a useof 4% in PUR foanthe

historic production of &enteBDE treated foam can be conservativelgstimated to be
approxmately 2.5 million tonnes. This number might have besgnificantlyhigher considering
that a major application (PUR foam in transport in theited Sates) used ePentaBDEat a lower

level. Furthermore recycling of contaminated HRJfoam mixed together with nempacted PUR
foam led to increased total quantities BOPPBDE-contaminated PUR foam matersal
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Table2-5: Usage opentaPBDE in PURRam

PURfoamdensity/use area PentdBDEN Polymer Wt %)
19 kg/nt 5.45
224 kg/n? 4.30
229 kg/nt 2.77

°PUR foam in (US) transpo 0.5-1
(seating, head/arm rest)

Polded carpet padding 25
Plamination to headliner fabric Up to 15

Source?Cambell, 2010Ludeka, 2011

2.3.2 Former uses of ¢ -Octa BDE

The mainformer use of eOctaBDE was in acrylonitrilebutadienestyrene (ABS) polymers
accounting forabout 95% of eOctaBDEsupplied in the EU. The treated ABS was mainly used for
housings/casings oflectrical and electronic equipment(EEE), particularly farathode ray tube
(CRT) housings and office equipment such as copying machines and businesspBititersninor
uses werehigh impact polystyrengHIPS),polybutylene terephthalate(PBT), andpolyamide
polymers Although tie majoity of these polymers were used in electronitsere was also some
use in the transport sector.

Other minor uses found in literature include nylon, low density polyethylene, polycarbonate,
phenolformaldehyde resins, unsaturated polyesters, adhesivesaatings (UNER010a,201().
Table 26 summarizes théormer uses of ¢OctaBDEN various materials and applications.

Typical concentrations in thenajor applicationswere between 12wt % and 18 wt % with
approximately 100,000 tames ofc-OctaBDEat an application rate of 15 wt %he primary treated
polymers can be estimatedt approximately 800,000 tonnes. Considering the recycling-of ¢
OctaBDEN new plastic products (secondary contaminatigh total quantity of impacteglastics

is likelyto be considerably higher than this.

Table2-6: Former uses of-©ctaBDEN polymers/materials, the applications and produ(ESwWp011)

Polymers/materials Application Articles
Acrylnitrile Butadiene Polymer casings/parts in. Computer and TV casings (CRTSs); offi
Styrene (ABS) electric andelectronic equipment; (other electronic
appliances equipment)
High Impact Polystyrene| Polymer casings/parts injf Computer and TV casings (CRTs); offi
(HIPS) electric andelectronic equipment
appliances
Coldresistantlayer Refrigerator
Polybutylen Polymer casings Electronic appliances
Terephtalate (PBT) Transport sector Connectors in vehicles
Household Iron
Polyamide-Polymers Textiles Furniture
Construction Pipes anglastic foll

"In some regions such as Europe and Ja@&T monitor housing and copying machines are already normally
treated separately
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2.4 Former uses of HBB

HBB was used as larheretardant in three main commercial products (Neufefdal., 1977; IPCS
1994; ATSDRO004):

1 ABS thermoplastics (plastic for constructing busimasehine housings and in industrial
(e.g. motor housing) and electrical. (g.radio and TV partgectors)

1 PURoam for autanotive upholstery,
1 Coatings and lacquers

Due to the small production ankmited us, it is likely thatmost HBBcontaining materialsvere
disposed ofdecades agoHence, he chemical i©f minor relevance for the inventory process
many countries® Levels in foode.g.in European countrieshat used HBB to some extent in the
pasf were mostly below detection leve (EFSA2010). HBBand HBB:containing articles araot
further mentioned in ths guidancedocumentbecausehe use areaf HBB and thus the inventory
approachjs identicato that of PORPPBDE.

2.5 POP-PBDEs in material /recycling flow s and atend -of -life

Even thoughPOPPBDE are considered to beno longer producedthe main challenge fotheir
elimination is the identificatiorof existing stockpiles and articles containif@PPBDEsand their
disposalat end-of-life.

Large volumes of these materiase in the global recycling flow and will continue to be used in
consumerarticles (UNEP 2010a,201(; Shaw et aJ.2010). The existing reuse and recycling of
materials and wastes containing PGBDEsvere the trigger for the COP4 specific exemptidimat

allows recycle and reuse under certain conditiorEhisis addressedn the Guidanceon Best
Available Techniques and Best Available Practices for the Recycling and Disposal of Articles
Containing Polybrominated Diphenyl Ethers (PBDEs) Under the StoGdrlention on Persistent
Organic PollutantsRBDE BAT/BERuidanceSecretariat of the Stockholm Convention, 2R12

2.5.1 C-PentaBDE in reuse, recycling andwaste flow s

Themainuses of c-PentaBDEvere in PUR foarmasedin the transportsector(e.g.cars,buses, trains
etc.) and furniture (e.g. couctes seas, cushioms etc.), with limited use in mattresses and some
other usesTherefore, thereuse and recycling of theseajor material flows need to be addressed
in the inventory.Other applicationsvith former minor usege.g.insulation in constructiontreated
rubber, textiles, polyvinylchloride (PVC), epoxy resinsinted circuit/wiring board etc; seetable
2-4) might only be assessed if they appear relevart country The major use and recycling flows
of materials containing-PenteBDEare shown irfigure 22.

&A good indicator for the relevance of HBB in a country is the level in human milk, which is monitored in the
frame of the Global Monitoring Project by the World Health Organization (WHO) and UNEP.
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Figure 2-2: Schematic diagram of the life cycle cPenteBDE(Adapted from Alcock et al., 2003; UNEP,
2010a,2010bh

Transport

The lifesparfor cars in industrial countries is 10 to 12 years, while buses and trains might have a
longer life expectancy. A considerable share of cars and other transport has been and is still being
exported from industrial countries to developingpuntries and countries with economies in
transition where the vehicles are often used for a long time before they finally break down (spare
parts are also used furthe(UNER2010a,201). Therefore, today a large share of the transport
fleet from 1970 to 200%(cars, buseand possibly trains) containingRentaBDHs still in operation

today, likelyin developing countriesand will need to be identified in respect to reuse and recycling
when these vehicles reachnd-of-life. It is therefore reasonable to assume that thearisport

sector (cars, trucks, buses, trains, ship, and planes) is the largest stockpilePémtaBDE in
developing countriesThe inventory of POPBDE in the transport sector is addressedcdhapter5.

Furniture and mattresses

The use of -®entdBDE(and other flame retardants) in furniture or mattresses depends on the
flammability standard of a country Shaw et al.2010). Due to flammability stamdds for furniture
in the Lhited Satesand Lhited Kingdom in particular furniture in North Americand the United
Kingdom is often flame retarded. Thereforeold furniture and mattressesin particular from

%It is important to note, however, that dust samples from automobiles made in or after 2004 showed
measurable levels of BBHE and BDB9 with highest levels from cars manufactured in the United States
(Lagalante et al., 2009). This might be a consequesfcéhe use of rebond from recycled PUR foam
containing ePentaBDE in new cars. It may also be partly due to the debrominatioildbetaBDE (Lagalante

et al., 2011). Other flame retardants are now used in the gport sector including e.g. HBCD in textibeck
coating. HBD is proposed for listing as a POP at COP6 in 2013.
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institutions like prisons, militaryfacilities hospitals or hotels) in these reg®oountries may
contain cPenta(BDHand other flame retardants)

The lifespan of furniture in industrial countries is estimatdabout 10 years. Therefore it is
estimated that a considerable share of furniture containingentaBDEN these regios has been
deposited or incinerated (ESW2011) with a minor share recycled e.g. in carpet rebond (see
below). The extent of furniture exported from North America ahd United Kingdomfor reuse
and recyclingo other regions has not been assessed and dedbe considered as a possible
sourcefor c-PentadBDEnNnput for other countries.

GPentaBDE was also used in rigid PUR foam irstcoction, but this is considered a minor use.
Further recycling activities of rigid PUR foam are not knowwentory considerationsfor PORP
PBDEsn furniture andmattressesare discussedn chapter6.

Textile s and rubber

GPentdBDEhasbeen used’ in limited quantities for the treatment of textiles for uses including
backcoating, for curtains and for functional textiles (UNE®09).Although te extent ofrecycling

of POPPBDE-containing textiles is uncleaiit can reasonably be assumed to be small for
composite materials such as those used in transport. There may be some limited recycling of other
c-PentdBDEcontaining textiles but it is likely that only relatively small quantitiesPQfPPBDE-
containingtextiles are in use as the application ePentdBDEstopped about adecade ago. The
POPR@ecision to recommentiexabromocyclododecan@giB®), for which the textile sector is a
major application,to the Conference ofParties for listing as a POFRnight imply that the
management of textiles treated with BERith POPsdike propertiescould become more relevant

in the near future. GPentdBDEhas also been useit rubber forconveyor belts and other minor
uses geechapter6).

Printed circuit/ wiring boards

The use of ®entaBDEin printed circuitiviring boards(PWBshas been phased ot PWBs ara
component of WEE#at end up in certain developing countrieshere the metals are recovered
using primitive methods in the informal sector, by simple smeltersThiscan be the source of
certainlevels ofPOPPBDE and PBDD/PBDOEBee e.g. Yu et aR008). Theinventoryof PWBs in the
country needto be carried outin relation to the POPBDE inventory.

Recycling of PUR foam to new articles

PUR foamén furniture, transport, endof-life vehicles and mattresses are partly recycled into new
articlesby processesuch as carpet rebond and regrindirighe resulting nevarticlesneed to be
captured by the inventory

Carpetrebond

Largescale recyclingf PUR foam into carpet padding/rebomglcurrently practsed in the Wited
Satesand Canada (Ludek2011; seechapter 6 otthe PBDE BAT/BEFuidancg The extent of this
recycling activityin other regions is unknown but appears to be limited (DiGangi et2all1l).
Relevant exposure of PUR reeysknd carpet installerso PORPPBDE$asbeen demonstrated in a
first study in the United Sates (Stapléon et al, 2008) and there are obvious risks of further
exposure of consumers.

“DecaBDE and HB@re still used in the impregnation of textiles.

" The main flame retardant use in PWBeabromobishenol A anis derivatives
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Other uses

While the majority ofPURfoam scrag is processed into carpet rebond (in the US market), scrap
can also be shredded and used as packaging and stuffing for pillows, pet bedding, insulation and
staffed toys. Foam scrapmight also be used for some furniture cushionisgund insulation
gymnasic mats or school bus seats (UNE®10h USEPAL996 Zia et al, 2007)

Regrinding

Eaves (2004noted that this innovative procesallowed manufactures to non-cryogenically grind
foam scrap into ultrafine powdes that displacel approximately 20% of the virgin material in the
manufacture of new foas

2.5.2 C-OctaBDEs in reuse, recycling and waste flow s

Europeand Japanstoppedthe useof ¢OctaBDEN the 1990s.The production of €©ctaBDEin the
United Sates stopped in 2004. fie largest eOctaBDEcontent is found inpolymers (in particular
ABSand HIPS}hat are used in EEE and WEHBe use ofc-OctaBDEin polymers in the transport
sector was limitedFigure 23 shows thdife cycle of eOcteBDE

EEE in use, second-hand EEE and WEEE electronic waste:

Electronics produced before 2008ay be flame retarded with ©ctaBDE The nmain appliances are
televisiors and computerCRT monitord.arge quantities of old EEE and WEEE waral in some
cases still areexported fom industrial countries/regions (e.gnited Sates, Europe and Japan) to
developing countries for reuse or recycling. Primitive recycling technoltmi®#¥EEmBave resulted
in large contaminated areai®m developing countries and exposure of recyclers #rl general
population(Wong et al 2007 UNERP2010a,201().

Plastics from WEEE recycling and production of articles from recycled plastic

The mechanical recycling plasticfor further use is strongly favoureidlom a waste hierarchy and

life cycle assessment perspective. Whtasticsare contaminated with POPs and other hazardous
materials, however, particular care has to be given to how the waste hierarchy is folldWed.
recycling ofWEEEesults in a fractin of flameretarded plastic, possibly containirgOPPBDE.
Someplasticfrom WEEE is sent to developing countries such as China and India where it is recycled
into new articles. Recent studies have shown thksticscontainingPOPPBDE and otherBFRs

have been recycled in the production of articles for which no flame retardancy is required including
OKAf RNByQa (2ea3y K2dzaASK2f R ,Z@LReh etla| 29 ChernReS 2 (i | LIS
al,, 2010). This shows that the flow plasticscontainng PORPPBDE and other flame retardants for
recycling are not well controlled and thplasticscontainingPOPPBDIE are being mixed with non

flame retarded polymes for the production of items with sensitive end uses. Therefimesome

cases the use ofrecycled plastic may be significantly more hazardous than the original use
(recycling from a printer housing into a toy that may be chewed by a child, for example).
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Figure 2-3: Schematic diagram of thkfe cycle of eOctaPBDE and potential for emissigaslapted from
Alcock et al., 2003)

2.6 Potentia | contaminated sites

All sites where POGPBDES hee been used for any of the activities outlined in figuse22 and2-3,
could be potentially contaminated with PGPBDEsLandfills are the ultimate destination of many
POPPBDE-containing materials due to their widespread application in a multitude of consumer
and industrial goodsPOPPBDEgan be leached from refuse by landidachate.

Users of this guidance documectnutilize the information provided in chapters 3 to 6, while also
examining general and hazardous solid waste practice in their countieesarry out the
contaminated site inventoryLandfills and dumpsitethat are scattered all over the major cities
may be potentially contaminated with P@BDEs.The inventory will identify all the sectors
involved, manufacturing locations and locations of storage, wastes being disposed|idsio
application, methods of wate disposal or treatment, and waste disposal locations.

POPPBDEs are precursors of brominated dibenzofurans (PBDF) and dibeiadins (PBDD).
They are largely formed during primitive recycling eivaste and incineration of PGPBDE-
containing mateials (UNEP2010b). The locations of these activities should also be identified.
addition, biosolids from wastewater treatment plange known to containPOPRPPBDE, which
weredisposed in landfills and applied in agricultural lands
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3 How to conducta POP-PBDEs inventory

This chapter outlines five broad steps for planning and carrying out a national-ABDMES
inventory. Thenational focal point of the Stockholm Convention or national project coordinator
could be responsible for initiating ¢hinventory process. The existing Steering Committee on POPs
that was formed for the original NIP development could bestblished for updating the NIP and

involved inthe planning of the inventory.

Figure 31 provides an overview dhe inventory proess

Step 1: Planning the inventory

Establish a national Identify key stakeholders Define inventory Develop the work
inventory team scope plan

v

Step 2: Choosindata collectionmethodologies

Tiered approach

¥

Step 3: Collecting and compiling data frokey sectors

Electronics in use and Transport sector and endf- Other uses (furniture,
electronic waste in life vehicles mattresses, textiles,

recycling and storage material9
I [

A\ 4
Contaminated sites

v

Step 4: Managing and evaluatirthe data

v

Step 5: Preparinghe inventory report

Figure3-1: Overview of thenational POPPBDE inventory development process.

The inventory process i®t intended to be conducted ian entirely linear fashion The inventory
team may need torepeat activities in earlier steps depending how the inventory procesus
which sectors are involved~or examplealthough theidentification of stakeholdersis $iown in
step 1 (figure 3l), there may also be a need to identify further stakeholdatrslifferent points
during data collection istep 3).Thearrow going fromstep 4 (Managing and evaluatiribe data)
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back tostep 2 Choosing data collectiomethodologes) in figure 31 indicates thasteps 2 to 4 can
be repeated until the data quality and coverage of the inventory reach a satisfactory Téneel.
inventory teamwill decide on the complexity of the methodology appropriate for thgarticular
situations,taking into account their financial and technical capacities. For many countries)ld
be evident at the beginningof the processthat the higher tier approaches requiring complex
analysegsee section 3.2)ould be out of reachOtherscould decideafter evaluating the results of
the initial inventory to undertake more idepth data collection (move to a higher tier) in the
future, and even include such activities as an action plan in their NIP.

3.1 Step 1: Planning the inventory

The firstissueto corsider in developing a national inventory is to define the scope of the inventory
and target the national relevant sectors BOPPBDESsThe development of a national inventory of
products and articles requires cooperation with the relevant authority iargh of manufacturers

of consumer products, suppliers, retailers and the customs service, as well as other relevant
authorities and organizationdlt is importantto clearly definethe responsibility for developing the
inventory. Parties that have no relgtions on POPBDEs and have to do a full inventaage
advisedto establish a multstakeholdemationalinventoryteam.

3.1.1 Establish a national inventory team

The national focal point of the Stockholm Conventiorould establish and/or lead a multi-
stakeholder national inventory team to acquire the necessary competences and access to relevant
inventory information. This team would comprise government ministries with a mandate for
chemicalsand waste management, the national customs service, tlpeivate sector, non
governmental organizations (NGOs), and academics and researchers from universities and research
institutes working on old and new POR&ste management and possibly material flowmong
others.National POP or waste management cotemutis and material flow experts, knowledgeable

in these issues;ouldalso be hired to facilitate the work of the team.

The national focal point and/or the consultants would brief and educate théeam on the
{G201K2tY [/ 2y@SyiA2yméensWBORs 1Sax 20t A3IlLGAZ2YaE |

3.1.2 Identify key stakeholders

The first meeting of thenational inventoryteam provides the opportunity to determine the
available information in various stakeholder organizations and to brainstorm on hobesb
proceed with the inventorgxercise. As the process of identifying articles containingPEIHES is
complex, it isimportant to identify further stakeholdes (usingthe background information
provided in chapter 2)

The inventory development requires cooperation between relevardgvgrnment authorities and
official agencies, producers, importers and distributors, manufacturers, fabricators, community
based organizations andGOs organized labor and trade unions, industrial enterprises, other
private-sector organizations, the wasteanagement and recycling sector, and users and owners of
articles possibly containing P@BDEs.Many countries are also engaged in ongoiragtivities
related to themanagement of EEE/WEB#embers of these working groups could be invited

join the inventory team, as well as working groups on the management of vehicles analife
vehicles. Depending on the outcome of thescope settingexercise (see section 3.1.3),
representatives fronmthe key sectorgould be included in the inventory team, while othecsuld
simplybe asked toprovide data/information.
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The manufacture of articles containing REBDEsnaybe inconsiderable due tdiscontinuedPOR
PBDE production and mainly related tecycling activitiesonly. Previousactivities may have
included several manufacturers, suppliers and downstream users; and the supply chdahbe

further extended toimporting and exporting across borders. Some countries may have to identify

and describgefor example professional users of PEGMBDIS-containing articles and materialthe
national supply chain and the downstream usefsarticles containing POPBDEs. Table-B
outlines the sectors and stakeholders involved in the use ofPRIFHS-containing materials

Table3-1: Sectors and stakeholders involved in the use of PBIPESs

electronic equipment
(WEEE)

Use Stakeholders

Electrical and 1 Ministry of environmentand ministry of industry

electronic equipment 1 Ministry responsible for waste management

(EEE) and waste T NIP coordinator and steering committee

electrical and 1 Basel Convention focal point (and stakeholders in Basel activities-

waste);

Importers and exporters of electroni¢s

Retailers of electronicand seconehand electronics
Recyclers of WEEE

Recyclers and users of polymers from WEEE
NGGworking on WEEE; NG@orkingon POPs
Otherrelevantstakeholdesin the country.

Transportation and
end-of-life vehicles

Ministry of transport or otheministry responsible for transport sector
Ministry responsible for waste management

Association of importers and exporters of cars and other vehicles
Retailers of vehicles (in particular, secamahd vehicles)
Associatiorand/or main stakeholders of szp recycling

Association antbr main stakeholders of polymer recycling
University groups working on material flows or transport issues
NGOs working on transport; NG@orking an POPs
Otherrelevantstakeholdesin the country.

Other uses:
Furniture
Textiles
Mattresses

Construction
materials

=4 =4 =a-a —4-a-A-a-aa a8 oa Aoa s oa e

= =

Ministry of environment and ministry of industry
Ministry responsible for waste management
NIP coordinator and steering committee
Importers and exporters of furniture,
constructionmaterials

Retailers of furniture, mattresses and textiles and related seduesntd
articles

Recyclers of polyurethane or other sedofe.g. textiles, polymers in
building materials, rubbeRlontreal Protocol focal point
Other relevant stakeholder in theountry.

textiles, mattresses, an

Contaminatedsites

=2 =8 =8 -4-a-8_4_5_9_9 -2

Consumers

Producers

Importers and distributors

Manufacturers

Fabricators

Engineering offices speciafigin contaminated sites

University or research institute working on contaminated sites
Communitybasedorganizations (CBOs) and NGOs
Organized labor and trade unions

Government organizations
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Making preliminary contact

Making contact with stakeholders at the beginning of the inventory exercisgivathem a better
understanding ofits background, scope and objectivaad provide them with an opportunityto
communicate their views and questions. This initial feedbackhedp make the inventory more
effectiveby targeting the relevantareas of national use.

General tools that can besed to identify and contact stakeholderslude:

Telephone interviews

Postal communication
Email/Web-based information sourcing
Faceto-face interviews

Phone books

National registers

=A =4 =4 =4 4 4

Consulting with a small number of relevant stakeholders

During the inventory planning stage, it may be more efficientdatact andconsultonly a small
number of relevant stakeholders such as larger manufacturers, national industrial associations and
the customs serviceGap analyses conducted in the evalwstiof the initial assessmenbr the
preliminaryinventory could result in the need to contact some thiese stakeholdergagain to get

more information or identifyother stakeholdergo be contacted tdhelp fillin the information and

data gaps.

Holding s takeholder group meetings

There may be a range of stakeholder groups involved depending on the areas of use: electronics,
transport, furniture, textiles, mattresses and construction materials, and waste categories and
management.

3.1.3 Define the scope of the inventory

Defining the scope of the inventoryinvolves identifyingthe relevant national sectorsto be
investigated further. This can be achieved by consulting key stakehdiaarsable 31) and paying
special attention to the use categoriasd lifecycle stagesliscussed in chapter. Since the major

uses of POIPBDESs (sections 2.3 and 2.5) are electrical and electronic equipment and uses in the
transport sector, these two are likely to be the main focuses of the inventory.

Main informatian includes:

1 Types and quantities of articles containing PRBDES

1 Types of articles containing PEABDESs that are recycled, the possible extent of recycling,
andthe types of articles produced from recycling

1 Types and quantities of PEGBDE (chemical) stockpiles and wastes from former
production and use in industries (countries that produced fBBEs or used PGBDES
in industries)

1 Locations where activities have occurred that could be potentially contaminated with POP
PBDEs

The following criteria are importanin defining the scope of the inventary

9 Obligations for POPBDESs under the Stockholm Conventiseq tiapter 1)
1 Objectives of a POPBDE inventory (seechapterl)
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9 Existing resources and capacity
1 National priorities

The degree and depth of the inventory can be defined by consulting the sections below on data
methodology (section 3.2) and data collection (section 3.3), and considering the resources needed
for an inventory in relevant national sectors using a tiered rapph. Minor uses should be
considered in the inventory only if manufacturers in this category are established in thergaunt
existing informatiorindicates that those uses could be relevant.

3.1.4 Develop the work plan

The core inventory team is expected tievelopa work plan for the inventory, which can be
discussed with the stakeholder&lements of the plan include

1 Inventory strategyon what needs to be done to identify the sectors
1 Methodologies to be usefbeesection3.2),

1 Activitiesneededand assignments

1 Resources allocation including responsibibtyd budget

1 Timeline and milestones

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

3.2 Step 2: Choosing data collection.. methodologies

The next step is to choose appropriate methodologies for data collection, asiaged approach.

3.2.1 Tiered approach

The tiered approachat collecting data in a PEGPPBDE inventory is illustrated in figure-3. The
suggested methodologies for datallection in the three tiers are described in section 3.Zhis
approach provides flexibility to a wide range of Parties with varying priorities and capathies
suggested methodologies for data collection in the three tiers are described in s&BdhEach
tier represents a level of methodological complexi¥oving from lower to higher tiers implies
Party isopting for approaches that arprogressivelynore demanding in terms of complexity and
data requiremens, and therefore more resources mde neededLower tier methods usually rely
on readily available statistics in combination with estimates for key paramépeovided in this
guidancd. Higher tiers methods involve more resouicéensive data collection activities and
country-specific measurements but should also yield more accurate results.

Parties shouleendeavour touse methods that provide the highest level of certainty while imgk
efficient use of available resources and taking into account available technical capaeityitial
assessmenttier 1) provides the inventory team witta general idea of where the problemsay lie
and, more importanty, which sectors requirturther investigation The tier | outputs may be rather
qualitative (section 3.22) or require(subsequent)verification The preliminary inventory (er I1)
focuseson specific sectors. The-depth inventory {ier Ill) uss analytical measurement methods
to obtain precise datan these sectors
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Figure3-2: The tiered approactto the inventory of POIPBDEs

Tier I: Initial assessment

The initial assessment generally relies on desk studies, interviewsi.etenethods that do not
require expensive osite visis or elaborate data collection activities (thheam may decide to
conduct theinterviews onsite). First, the team gts an overview of the former use @tPente8BDE
andc-OctaBDEn articlesand waste/recyting flows:

1

1
1
1

Production of POIPBDEs<ection 2.2.)

Use of POPBDESsgection 23);

POPPBDE in waste and recycling flosegtion 25);

Life cycle ofc-PentaBDEand potential for emissiondigure 22);
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9 Lfe cycle oic-OctaBDEand the potential foemissiongfigure 23).

Next, the team ollects information about existing past and present national data on the import
and use oPOPPBDE and articles containingOPPBDE frommajor stakeholderancluding

1 Ministry of IndustryandMinistry of Transport

I CQustoms service, thélationalBureau of Statistics and théational Central Bank

9 Published literature in scientific journals

1 Technical reports or notes, commissioned research reports and development
assistance study reports

Desk study ananline research

1 Responses to thénquiriesand interviews

=

The team may have to revisitep 1 to includeother relevant stakeholdergor increase number of
stakeholders in one categoryedefine the scope and refine the work plan before moving on to the
next tier.

Tier Il:  Preliminary inventory

The preliminary inventorygenerallyfocuses on specific sectorsas shown irfigure 3-2. It involves
surveysand site visitsto better estimate national data thaivere identified as missing the initial
assessmertttier |.

Possibleapplications (tables -2 and 26) and target locations can be identified, followed by site
visitsincluding
9 Former production of POPBDES
E-waste collection centres and recyclers
Possible site visits @fwaste managemenfacilities
Possible site visits of erf-life vehicles treatment facilities
Possible site visits of storage and disposal locations materials containinBBEER

=a =4 —a A

Tier lll:  In-depth inventory

Thein-depth inventory may be undertakeiif the preliminary inventory concludes that PGBDES
could pose high human health and environmental risks in the country and more accurate data are
needed to prioritze risk reduction measures and estimate their costs. Data colledidhis tier
relieson the use of analytical methods thahay include screening usingrdy fluorescence (XRF)

and measurements usingas chromatography andelectron capture detector(ECD)or mass
spectrometry GCMS) (Sindiku et al 2011, 2012t may also involve detailethspectons of sites
mentioned in tier II.

3.2.2 Indicative, qualitative and quantitative methodologies

A number of different methodologies can be used for gathering information aboutFRIHEST he
methodologies can be divided into three groups:

1 Indicative method provides initial information for further planning othe inventory
depending on the amount of resources (i.e. human and financial situatiing
method is quick and does not require significant human and financial resources.
Activitiesinclude desk stug of existing information, workshops, and interviews. This
method isnormally used in the initial assessment.
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1 Qualitative method: uses questionnaires to obtain more specific datBata
management is based on estimations from known levels of quantitiROSFPBDES
used and total production volumes in production processes, and manufacture of
products and articlesiWorkshopsand interviews with stronger obligations (legal tools)
may also be helpful inbtainingdata fom the industry. This methois normallyused
in the initial assessment and preliminary inventory.

1 Quantitative method: provides accurate and specific numerical information, but rseed
to be carried out by experts in the relevant fields ddPPBDEsand the sectors of
investigation. This is an advanced stage of the inventioay includes site inspection,
sampling and analysisThe investigatiors are extensive andabour intensive and
chemical analysis costly This methods normallyused inthe in-depth inventory.

Fourapproacheghat can be usedor data collectiorare discussed briefly in the next sections.

Desk study of existing information

The desk study involvesatiering information about existing past andturrent national data on
former production and use ofPOPPBDEs (if any)and articles containingPOPPBDES This
information can be obtainedrom the customsservice national bureau ofstatistics, andnational
central bank; published literature in scientific journals, technical reports or notes, commissioned
research reports, development assistance study repard Internet searcles The information
should be collated, evaluated and verified if possilaegd agap analgis of the data could be
undertaken as well.

National sensitization workshop on Stockholm Convention and new POPs
including POP -PBDES

This national workshop involseénajor stakeholders from all sectors and groups in which products
and articles contaiimg POPPBDEdave been used or are still being used. The national importance
of the inventory exercise would be emphasized to participants while also demanding their full
cooperation and unhindered release of available data in their custody in the nhtidaeest.

Breakout sessions and group meetingg be organized during the workshop to ensure that all
sectors in whiclPOPPBDEdave been used are adequately covered as welb agt consensus on
how best to collect and compile data.

Questionnaire surveys

Questionnaire surveyare valuable instruments for primary data collection in inventory programs.
Based on preliminary contact and constilbn meetings with stakeholdersa questionnaire with
explanatory notescan be developed and sent to the redmt stakeholders.Examples of
guestionnaire formats that can be used for different sectors are givenriexes2-5.

Questionnaires can be administered througfarious outreach mechanisms, includy postal
distribution; supply chain distributiondistribution via trade unions, NGOs, local governments and
community leadersandhand deliveryin one-on-one interviews gelectronic meansetc. The use of
guestionnaires together with stakeholder meetings has been successful in previous inventories of
POPPBDES
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Site inspection, sampling and analysis

Samples of products and articleancbe gatheredduring in site inspections of relevargtorage
facilities,recycling locationsandwaste disposal/storage facilities

3.3 Step 3: Collecting and compiling data  from key sectors
The inventoryteam needs to investigate if thiollowing exist in the country:

1 Production of POIPBDEsMost countries do not produePORPPBDESANd only some

countries producechemical agents and preparations used in the manufacture of

textiles, foam, synthetic carpets and electronic and electrical articles and devices.

Industries formerly using PGPBDES

Products and articles containiOPPBDESNn household;

POPPBDEs in aste and how theyare managed

Articles containing POPBDESs that are recycled, the possible extent of recycting,

the types of articles produced from recycling, including life cycle of €?entaBDE and

its potential for emissionsand the life cycle of €©ctaBDE andts potential for

emissions

T Sockpiles and wastes from former production and use in industries (countries that
produced POMPBDES or used P@BDES in industrig¢s

9 Siteslocations where activities have occurred that cob&lpotentially contaminated
with POPPBDES

= —a —a -9

The following types of numerical data need to be collected and compiled in the inventory:

1 Quantities of ®RPBDESn waste and stockpiles
1 Quantities of ®RPBDE$resent inarticles and products

Data collectionapproacheswill varyfrom country to country based othe data gathered irsteps 1
and 2 they maybe by estimations usingstatistical dataor possiblymeasurementsEstimations of
POPPBDE quantities in the country for major PEMBDE former use sectors arg@rovided in
chapters 4 and 5Measurementscould be performed by analytical screening on representative
samples (se&uidance oiBcreening and Analysis of POPs in Articles and Pripducts

The focal sectors to be investigated in thetional inventory fall under foukeyareas:

9 Hectric and electronic equipmerfthapter 4)

9 Transport sectofchapter 5)

9 Other useg(chapter 6)

1 Identification ofpotential contaminated siteand hot spotgchapter7).

In addition, data collectedfor the first three key areawill form the basisfor the preliminary
inventoty of the contaminated siteswaste and stockpiles.

3.4 Step 4: Managing and evaluatin g the data

3.4.1 Data management
Since Parties have different designs and levels of legal framework, political organization and
economic support for environmental management, different methodologiékbe applied in the

data gathering procesas described isection 3.3.The managemenof collected data should be
done as consistently anas transparently as possible. During the dapsocessing all the
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assumptions and conversion coefficients adopted as a result of expert judgement, where needed,
should be noteftecorderd and mentionedvhen the results are presented.

Before the inventory starts, all the data formats including questionnaire survey formats should be
determined to anchor the consistency of the data collection as much as possible. If some data
conversions and estimatiorere done by stakeholderghe inventory team must providéraining

on how to estimate the amount oPOPPBDEsand how to fill out the questionnaireThiswill
reducethe possibility okrrors during the data management activities.

Estimations will be neededtprovide the total quantitiesn a country Estimationsare a valuable
tool for providingthe data needed when resources are limited. Since direct measuremeR©Bf
PBDESN products and articles are resource intensive, a preliminary inventory couldlipéased
on estimations in many casésee ction 3.2)

3.4.2 Mechanism for evaluation of the inventory

Some challenges may still exidtthe end of the inventoryincludinga lack of informationAn
evaluation of the process, strategy used and informattmfiected can take place along with a
decision on whafturther actionsare neededo make the inventory more complete.

The evaluatiorincludes identification ofhe following:

1 Gaps and limitations

1 Need for validation of the information compiled in thevémtory;

9 Further actionsieededto make the inventory more complete

9 FRurther actions needed toneet therequirementsof the Stockholm Convention

important elemens in this evaluation stepare to identify any gaps and limitations, andhe
measuresneededto make the inventory more complete. Other ways to involve the stakeholders
and other data collectiorstrategies(see steps ) could then be considered. A gap analysis in the
evaluation of the initial assessment or preliminary inventory caelksllt in he need to contact
some of the stakeholders again to get more information or identify other stakeholders to be
contactedto helpfill the gaps.

Forinventorysectors with limited information, information campaigns and stakeholder meetings or
workshopsmay be a necessary measure. In some cases, government regulations may be required
to ensure that stakeholders report their holdingsooperate with the national authorities and
engage in the national inventoryo draft a regulation and make it come into foran sometimes
require a long time (an year at a minimum in some places).

Gaps, limitations and necessary actions to complete the inventory will also be valuable information
for the NIP, especially for developing countries with need of financial sujotfieir inventory.It

is important br developing countries to identifwhether and whatechnical and financial support

will be necessary to complete the inventory. Even if the inventory is very incompheeNIP is
expected to provide information on gaps and the liaibns of a country'sesources and capacities

@ Ay T 2 Mntksilsafd 4 identify technical and financial needs.

It is also important to identify whether the current situation meets theequirements of the
Convention, including the actions needed to fulfil the obligations in the iNIRlimination of POP
PBDEs without specific exemptiomformation on BAT/BEP measures are providethan PBDE
BAT/BERsuidance

The inventory will alsoequire revision ta later stage when the action plan is updatéthis can
also be done using the strategies described in this guidance
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3.5 Step 5: Preparingthe inventory report

Thefinal step for theinventory teamisto preparethe POPPBDIES inventoryreport. This report will
include theinventories of all keysectoss investigatedby the country(chapters 4, 5, 6, and 7)
compiled in a singlelocument Although itsaim is to support the development of the NJRhe
report can bealsoused for other purpses such as fe@ayinto Article 15 reportin developingpost
NIP projects and developing effective strategies and action plans for manaf@istgd BFR# to
meet the obligations under the Convention.

The essential elements of the repate:

1 Objectivesand scope
91 Description of data methodoldgsused and how data were gatherged

9 Final results of the inventorfpr each sector considered a priority foreltountry (using a
format to be provided in ths guidance as such or adapted from that format

1 Results of the gapnalysis and limitations identified for completion of the inventory

9 Further actions (e.g. stakeholder involvement, data collection strategies) to be taken to
complete the inventory and recommendatians

Cther information(e.g.stakeholdar lis) couldbe included in the reportiepending on the national
requirements
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4 Inventory of POP -PBDEs in electrical and electronic
equipment (EEE) and related waste (WEEE)

Electrical anaklectronicequipment is one of thdastest growing mterial flows of goodss well as
a large waste and recycling flow. It is the largest material flow contairiDgtaBDE(seechapter
2). An inventory of EEE and WEEE is an important step for addréissiogallengeof managing €
OctaBDEcontaining materials

Inventories of EEE/WEIBRBve beerdevelopedto support the implementation of sustainable WEEE
management systems under the Basel Conventimong others Thailand, Ghana, Nigeria and
Tanzanighave generatedgood examples of EEE/WER#entories(see anex3; BCREGEA 2007,
PACE2010 Magashi andschluep2011, Ogungbuyi and al 2011

In most countrieghat have notconducted anEEE/WEEE inventorthe inventory of EEE/WEEE
fractions containing POPBDEscould be seen as a firsstep for developing an inventory for
EEE/WEEHhhe amount of POPBDESs, mainly-@ctaBDE (hexaBDE and heptaBDE), in this sector
could be calculated and reported following the steps belde results couldgrovide policy
makerswith a basisfor decisionmaking and plaming the EEE/WEEEanagement. This aspect
needs tobe taken into consideration when developing an inventoffPOPPBDEqsee case study

on inventory of PPBDESs in EEE and W& ielP,BDE BAT/BERuIidancé.

4.1 Step 1: Planning theinventory and identifying stakeholders

This first stepfocuses ondefining the scope of the inventory andevelopinga work plan(see
section 3.1.) The major amount of-©ctaBDE is found in the polymer fraction of casings f@RT
computer and TV monitors (mainly in AB8pduced before 2005 (see section 2.3.2 and 2.2).
Therefore, these are the key target EEE/WEEE fractions to be addressed BOBRBDE
inventory. Modern flat screenare unlikely tocontain PORPPBDES (since prodiction of cOctaBDE
stopped in 2004).

The inventory of POAPBDES in EEE/WEBHerefore expected toaddresgshe following

1 Secondhand EEE importenh the inventory year andhe previous yearsluring which
possibly POIPBDE-containingEEE/WEE®ere/are importedas a base for estimating
stocks

EEE stocks (in use and/or stoiadhe possession afonsumes);*

EEE entering the waste stream i.e. WEEE

WEEEplastics for recycling (from domestic WEEE and imported WEEE polymer
fraction).

= =4 =

2 polymers from recycling of WEEE cantaina minor amount of PO#BDE due to dilution then present a
levels below the 0.1% RoHS threshold.

¥ Consumers here include householdsd public and privatesector institutions and organizations.
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Appropriate meniers of the inventory task teameed tobe selected to conduct the inventory of
this sector. Specific stakeholders for the inventohEEE and WEEE are listethinle 31. The core
inventory teamcouldbe extended as appropriate.

Informal sectors are often involved and play a significant role in collection and recycing
developing countries*

4.2  Step 2:Choosing data collection methodologies

4.2.1 Tier |: Initial assessment

The aim of thdnitial assessmernis to find out if anyinventory data on EEE and WEEE&already
available in the countryThe inventory team could contathe Basel Convention focal poiit
discussthe status ofthe EEE/WEEE inventory (available data as well as current and planned
activities).Theministriesof environment and ministry in charge of industry and telecommunication
could also be contacted and asked for available informatibRVEEE inventory datae available

(on CRTs andhe information technology and consumer electronissctor9, the PORPPBDE
inventory can be calculataegsing the methodology described in sectigh3 to 4.5.

Countries thathave not yet establishedan EEE/WEEE invenyocould initiate the inventory by
estimatingthe minimum POPPBDE amount in CRTh the country Thisrequires estimatinghe
country's penetration rate (number of appliances per capita)analogy to countries with similar
economic development and consumer behawigseetable 44), and thenextrapolatingfrom the
per capitadatato the target country.Teble 45 showsthe per capita data reported in the past

Once the per capitalata have been estimated, the POPBDE content in CRT casing$Vs and
computer monitorskan be calculatetbking intoconsideationthe following additionabata:

9 Populationof the respective country

1 Weight of the CRT25 kg per devicdestimated average weight of a CRT monitor, either
TV or PC monitor; see alsable 45);

1 Polymer content of CRT casin@8%(estimated average, sdable 49);

1 A range otc-OctaBDEcontent, 0.87-2.54 kg/tonne, for these polymers used in CRT casings
(estimated averagesee alsdable 411).

A range ot-OctaBDEN CRT devicesan be calculateds follows:

Megpg; = [Number of CRTs/capitgegio] X population x 25 kg x 0.3 [%.00087 t00.00254]
Where:

- MepgpeijS the amount of POPBDES (i) in [kg]

(in Polymer (k) of electrical and electronic equipment (EEE) (j))

The POPPBDESs(heptaBDEand hexaBDE in the e¢OctaBDEcan be calculated according the
homologue contensshownin table 4-12 (of ¢OctaBDE the heptaBDEhomologue is estimateds
43% and thénexaBDE ak1%).

1 For example, in Nigerighere are associations representing the informal sector; such associations could be
one of the stakeholders with great implications for the potential ®mcnomic impact of the PGPBDE
containing materials

34



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

Country/Region| Total Total Population | CRT No. of CRTs | Source
weight number | (million) weight/person | /person
(10° (million (kg/capita) (units/capita)
tonnes) units)
Asian average MC QF 649 0Qd 4.1 0.17 | Gregory 2009
(including
Australasia)
North American MN Qd 585 529 27.6 1.11 | Gregory,2009
average
LAC’ average pQMm 207 572 9.1 0.36 | Gregory 2009
Benin 17.4 0.7 8.7 2.0 0.08 Basel
_ ’ Convention
CéteRQL @2 78.0 3.1 20.8 3.75 0.15 2011
Ghana, 2010 112 4.48 24.2 4.6 0.19 Green
Advocacy &
Empa 2011
Nigeria, 2010 670 26.8 154.7 4.33 0.17| BCCeigeria
et al, 2011
Colombia, 343 13.7 46 7.46 0.3 Le6n 2010
2008/2009
Switzerland, 54 2.2 7.7 7.05 0.28 BfS 2011
2008

4.2.2 Tier ll.. Preliminary inventory . of PORPBDEsin CRT casings

Since the CRT casings (TVs @mputermonitors) are expected to contain more than 50% of the
total POPPBDEgresent in EEE, datalculatedin theinitial assessmentould providean estimate
of the major portion oPOPPBDESN the EEE/WEEE sector in the country.

Byfurther improving theaccuracy of thevumber of CRTs per capithge estimated eOctaBDElata
could be sufficientfor a preliminaryPOPPBDE inventory. The resultould give a first indication
of management needi a country whereCRT are the predominant source of PEBDES.

After a Party has carried out a preliminary inventosyep 3 onwards (&ept the questionnaire)
could be followed to summarize the results using tabiE24

4.2.3 Tier lll: In-depth inventory of PORPBDEs-containing EEE/WEEE

The indepth inventory carconsist of he field survey using the questionnaires on EEE in use or
stored atthe consumer level (stockspsexplained in section 4.3.1.2. The information collected

from such survey will improvepreliminary inventorydata reported in table 42. The level of
commitment and resources for this-gepth inventory will be equivalent tthat needed for the e

waste assessment for the Basel Convention, if a wider range of EEE/WEEE categories are included
in the inventory.

15| AC: Latin America and the Caribbean.
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The POHPBDESs content can be estimated usfiedd measurement equipment such as sliding
sparks and XRF handheld equgnmh(seePOPPBDESs BAT/BERi@ncg Thiscould help identify

CRTs and other EEE/WHH&Sticscontain bromine/POPPBDES (Sindiku et al. 2011). Please note
that the field screening equipment can only detect the total bromine content, and a confirmation
may be required by using instrumental analysis for positive tested samples (Sindiku et al. 2012)
Guidance o Screening and Analysis of POPs in Articles and Prodbetsse of a material flow
analysis of the EEE/WEEE sector and the related substance flow é?BElEhas been found
useful (see case studyn inventory of PBDEs in EEE and \&@&dE could be consated in the
development of an irdepth inventory.

4.3  Step 3: Collecting and compiling data from sectors

The aim is to establish the total amount of BDEs in EB=amount of total POPBDEsSn EEE can
be calculated as:

Mpepgg = Meegj X froymertoX Geapag;polymer(k)
Where:

- Mpgpg is the amount of POPBDES) in [kg]
(in PolymerK) of electrical and electronic equipment (EEB) (

- Mgeg; is the amount of EER (n [in tonnes]
(imported, stockpiled or entering the waste stream)

- froymeris the total polymer fraction in [weigko]

- Gespagroymer IS the content of the POPBDES(i) in the total polymer fraction in
[kg/tonne]

Based on the formula aboyé¢he information neededis the amount of EEE/WEEIR the country,
share of the relevanpolymers in differenfEEE/WEEE&ategories andPOPPBDE content of those
polymers.This sectiorexplains how to determine the following
1 The inventory of stocks and flows of EEE and WEEE in the c(settipn 4.3.1)
1 The estimation of the polymer fraction in relevant EEE and WEEE contRiQiRgBDES
(section 4.3.2)
1 The estimation of th¢ ORPPBDE content in theWEEPolymer fraction(section 4.3.3)

Informationon WEEE polymers recycled and exported and the amount of WEEE polymers imported
isalsoneeded forthe in-depthinventory.

An overview 6the material flow of EEE, WEEE and related plastic fractish®wenin figure 41.

The establishment of a materilbw of EEE/WEEE and the related substance flow ofPBDIS
hasbeen found useflandcouldbe considered in the development of ardepth inventory
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Fgure 4-1: Material flow of the EEE/WEEE and relapdaistics and the life cycle stages where FBBPESs are
inventories

4.3.1 Inventory of stocks and flows of EEE/WEEE

For the development of a final comprehensive EEE/WEEE invettierkey EEE/WEEE categories

need to be considereds€e tble 42). As the EU already has categories BEE/WEEE and
information has been accumulated basedtlem> (G KS 9! Q& OF GS3I2NRASa | NB
OFiS3I2NE ™M dflFNAHS K2dzaSK2f R FLILX AlFyOSaézr OFGS3a2
and telecommunicafl Yy & SIj dAY R SPHIESI2NE n aB2yadzySNI Sljdza LIYS

Studies have shown that@ctaBDEoccurs in relevant concentrations mainly in ABS casings of CRT
televisions anccomputer monitors For the purposs of an inventory ofPOPPBDESn EEE/WEEE

the priority is categories3 and 4 witha special focus on CRT monitors and televisions. The
inventory of stocks and flows of EEE/WEEE needs to address three stages in the life cydlasof EEE
shown in the following text

1 Imports of new and secondand EE
1 EEE stocks (EEE in use or stgred)
1 EEE entering the waste stream

Table 42: Expected presence fOPPBDESn WEEE categories

# | WEEE Categojr’y Presence of POPBDEs

1 | Large household appliances | Expected not present or at average concentratiolesarly (i.e. more
than an order of magnitude) below 0.1 wivo

2 | Small household appliances | Expected not present or at average concentrations clearly (i.e. mc
than an order of magnitude) below 0.1 wivo

3 | IT and telecommunications Averageconcentrations in computer CRT monitors above 0.1 wt%
equipment and in other products below or around 0.1 W%

4 | Consumer equipment Average concentrations in TV CRTs possibly above 0.1wt% and
average concentrations below or around 0.1v%

Y Accordingto the EUDirective 2002/96/EC of the European Parliament and of the council on waste electrical and
electronic equipment (WEEE)

9 ROHS MCV = 0.1% (by weight) = Maximum Concentration Value according to the EU Directive 2002/95/EC of the
European Parliament and dfie Council on the restriction of the use of certain hazardous substances in electrical and
electronic equipment (RoHS Directive). Several other countries have adopted the RediSvalies for EEE including

China and India. Currently no low POPs lilmit¢ée been defined by the Basel Convention.

43.1.1 Imports of new and second -hand EEE

Imports of EEE can be assessed by analyzing trade statistics from international databases, national
statistics and trade records compiled by customs and port authorities. Th& mmespread
available international database is the UN Comtrade Databaisp:/(comtrade.un.org/db). The
database uses different classification codes to organize commodities, of which the most common is
the Harmonzed Commodity Description and Coding Systems. (Hf9 HS systemhas different
categoriesfrom thoseused inthe EU WEEE Directive. The most important HS codes relevant for
the inventory ofPOPPBDESN EEE are givenable 43.

1% 979%o0f the total plastic amount in EEE is used in the WEEE categari$APME2001)
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Table4-3: UN Comtrade Database HS codes relevantifePOPPBDE inventory for EEE

WEEE HS Description
Category| Code
3 8471 Automatic data processing machines and units thereof; magnetic or optical reg

machines for transcribing data onto data media coded form and machines fc
processing such data, not elsewhere specified or included.

3 8443 Printing machinery used for printing by means of plates, cylinders and other pri
components of heading 84.42; other printers, copying machines and fiesg
machines, whether or not combined; parts and accessories thereof.

3 8470 Calculating machines and poclsize data recording, reproducing and display
machines with calculating functions; accounting machines, posftagdking machines
ticket-issuirg machines and similar machines, incorporating a calculating device;
reg.

3 8517 Telephone sets, including telephones for cellular networks or for other wirg
networks; other apparatus for the transmission or reception of voice, images or (
data, including apparatus for communication in a wired or wireless network

4 8527 Reception apparatus for racdoroadcasting, whether or not combined, in the sar|
housing, with sound recording or reproducing apparatus or a clock.
3/4 8528 Monitors and pojectors, not incorporating television reception apparatus; recept

apparatus for television, whether or not incorporating radimadcast receivers o
sound or video recording or reproducing apparatus.

4 8540 Thermionic, cold cathode or photathode alves and tubes (for example, vacuum
vapour or gas filled valves and tubes, mercury arc rectifying valves and tubes, ca
ray tubes, television camera tubes).

4 8519 Sound recording or reproducing apparatus.
4 8521 Video recording or reproducingpparatus, whether or not incorporating a video tune
4 8525 Transmission apparatus for radiwoadcasting or television, whether or n(

incorporating reception apparatus or sound recording or reproducing apparg
television cameras, digital camerasdavideo camera recorders.

Trade statistics usually do not contain information about the share of sehand articles in
imports. This information is cruciahowever,as POAPBDESs are only expected to be contained in
secondhand imports (production ot-OctaBDEstoppedin 2004) and secontiand imports can
compriseup to 70% of total imports in certain developing countries (Green Advocacy and,EMPA
2011). Table 4 summarizes some import data, including information about the share of second
hand EEE for some African countries. This data might be used by countries without-Bandnd
EEE import data to estimate the share of secbadd imports in anlagy to countries with similar
economic development and consumer behawige.g. neighbaring countries).

If such analogies cannot be drawn, a comprehensive assessmers teebd done by conducting
interviews with importers and port authorities. Questiaaires(found inannexes 2-5) address the
following key indicators:

1 Type of imported products

1 Amount of imported products (e.g. in units, in tonnes, in full containers,;etc.)
1 The share of new vs. secehdnd imports (e.g. in weigiib)

1 The share of CRifionitors and CRTVs
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Table4-4: Import data, including information about the share of secdrahd EEE for some African countries
Country Year | Population Imports Sources
Millions | units/year | thereof seconehand EEE e j.secontiand)
Ghana 2008 23.8 750,000 70% Green Advocacy
& Empa 2011
Nigeria 2009 154.7 2,200,000 3570% BCC@\igeria et
al,, 2011
Morocco 2009 32 900,000 <11% Laissaoui &
Rochat 2008;
GlZ 2010
South Africal 2007 47.6 1,900,000 8% Finlay &Liechti
2008
Tanzania 2009 42.5 120,000 13% Magashi &
Schluep2011
Uganda 2007 28.8 29,000 14% Wasswa &
Schluep2008
4.3.1.2 EEE in use or stored at  the consumer level (stocks)

Stocks of EEE in use or stored at the consumer éewebedividedinto three main groups
9 Private consumers (householgs)

1 Institutional consumers (public institutisngovernment, parastatals, health and
educational sector)

1 Corporate consumerstels,large businesses (industries)nall business enterprises)

SincePOPRPPBDES irEEE are mostly found in older appliancasd especially in CRT monitors and

TVs, it is expected that the largest share of the problematic fractions can be fioutide
householdsof private consumersvho tend to keep appliances longer and are also theydat

buyers of secondhand EEE. Institutional consumeatso often tend to keep a stock of older
appliances, especially CRT monitors, either in use or in storage. Corporate consumers are less likely
to hold a significant share of problematic appliancesitaming POPPBDEs as they tend to
exchange their ICT infrastructure rather rapidly with new appliances.

Private consumers (households)

For a first estimation, EEE stockpiled at the private consueved can be approximated by using
penetration data(measured by e.g. installed appliances per person) for specific appliances from
other countries(see table 4), which best represent the consumer patterns in the target country.
To calculate the total amount of appliances in a country on a weight bassgthumbers need to

be multiplied by the average weight of the applianced tible 46) and the population of the
country.

For an in depth inventory interviews with households need to be conductéste annex3 for

generic questionnair¢hat canbe used) | 2 dza SK2f R adzNBSeéa o¢Aff LINE RdzO
K2dza SK2f Ré @ bdnthd ruyiberf anddavetagesideliofh hOuseholds will be necessary to
extrapolate data to the entire countrkeeping in mind differences in rural and urban consumer
behaviaurs and income classes. Therefore, household surgeykibe carried out in both rural and

urban areas,and among different income classesThe qiestionnaire will address at least the

following key indicators:

1 The type and amount of installed EERhe household, with a special focus on the
number of CRT monitors and CRRVS
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1 Average life span of each individual appliance (distinguisbetween how long an
appliance is in use and how long it is stored befoeing given away/ entering the
waste stream, respectively)

9 Size of the household (number of persans)

Demographic location of the household (rural or urban)

1 Income class of the household (classified according to the official national income
classification, in order to be compatible with natidistatistics)

=

Depending on the type of informatiatihat can be retrieved, extrapolations can be mé&dem the
amount of each type oéarticle to the amount of all other articles iantire WEEE categorieand
vice versaysing the sample data as summadazatables4-7 and 48.

Table4-5: Penetration ratef specific EEE in various countries (appliances/person)

Cat” Ghand Nigeria®

Fridge 1 0.26 0.16
Air conditioner 1 0.09 0.12
Iron 2 0.19 0.14
Kettle 2 0.12 0.11
Personal 3 0.08 0.13
computer

Mobile phone 3 0.72 0.60
TV 4 0.20 0.25
RadioHiFi 4 0.28 0.36
system

l)Categories according to the EU WEEE Dire20@2/96/EQarge household appliances (cat. 1), small
household appliances (cat. 2), IT and telecommunicatmuspment (cat. 3), consumer equipment (cat. 4).
2 Green Advoosy and EMPA2011

¥ BCCENigeria et al.2011

Table 4-6: Weight estimationof specific articles ircategories3 and 4(adapted from Green Advocay and
EMPA, 2011)

Articles Weight (kg) Source

Category 3: Information and communication technologies

CRTmonitor 14.1 Laffely 2007 Zumbueh) 2006

LCDmonitor 4.7 SWICO Recycling Guarant2e06 ecoinvent v®10
Desktopcomputer (ncl. 9.9 Eugsteret al,, 2007

mouse and keyboard)

Laptopcomputer 3.5 SWICO Recycling Guarant2@0gecoinvent v200
Mobile phone 0.1 Estimate

Telephone 1 Huisman et a).2008

Printer 6.5 Laffely 2007

Photocopier 52 Furniture reuse network 2009

Category 4: Consumer electronics

Television (CRT) 31.6 Zumbueh] 2006
Television (LCD) 15 Estimate

Radio 2 Huisman et a).2008
Hi-fi system 10 Huisman et a).2008
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Table 4-7: Share of specific WEEE catager3 and 4 articles from the entire category stockpiled in

households in Nigeri@Ogungbuyi et al. 2011)

Categoy Articles z\;gena
CRT monitor 7.5
LCD monitor 4.5
Desktop PC 13.3

3 Laptop 10.1
Printer 7.0
Mobile phone 5.5
Rest 52
Total 100
CRTTV 42.5
Flat panel TV 14.8

4 Radio 3.2
HiFi 8.9
Rest 30.7
Total 100

Table4-8: Weight based share of WEEE categoridsiri households from various countries
(EMPA, 2011)

Country WEEEKCat. 1 WEEECat. 2 WEEECat. 3 WEEECat. 4
(%) (%) (%) (%)

EU27 averag8 63 10 13 14

Switzerland’ 66 10 24

Nigeria’ 52 12 11 25

Y Huismaret al, 2008
IMiiller & Widmer 2010
J0gungbuyi et a)2011

Institutional and corporate consumers

For a firstestimation EEE stockpiled at institutional and corporate consumers can be approximated
by using exemplary data from other countries, where dataavailable on the weight distribution

of EEE in stockpBebetween private consumers and institutional/corporate consumers. Based on
this data EEE stockpiled at institutional and corporate consumers can be calculated. Fgure 4
shows an example of this distribution from Nigebg WEEE category and consumer typleis
distribution, however,very much depends on the development status of a country and the size of
the services and industrial sector. Therefdremany casesuch a simple approximation might not

be possible. Alteratively, institutional and corporate consumers could be neglected in the first
estimation and a more comprehensive assessnvenild need to be carried out.

For ain depth inventory interviews with institutional and corporate consumers need to be
conducted (see annex for ageneric questionnaire The questionnaire needs to take into account
different economic sectorshat might feature different consumer behavics, e.g. the banking
sector might consume more ICT appliances than the producing industry. The chosen economic
activities in the questionnaireould be in accordance with national statistics about employee
distribution levels between the different economactivities (i.e. sectors). This will make it possible

to extrapolate from the survey results tbe national level. The questionnaire will address at least
the following key indicators:
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1 The type and amount of installed EEE in the organization, with aa$fecus on the
number of CRT monitors (and CRJY;

1 Average life span of each individual appliance (distinguisbetween how long an

appliance is in use and how long it is stored befoeing given away/entering the

waste stream, respectively

Size éthe organization (number of employees

Type of organization and main activity (institutional or corporate, economic sector)

= =

An understanding on questionita use, resulting data and inventory development can be
developed by studying thexistingWEEEnventory reports

Private consumers Institutional and
6,400,000 tonnes corporate consumers

400,000 tonnes
0,
8% 9%

_0%

73%

m Category 1
W Category 2
Category 3
Category 4

S

Figure4-2: Weight distribution of EEE stockpiled by WEEE category for private and institutional/corporate
consumers in NigerigEMPA, 2011)

4.3.1.3 EEE entering the waste stream

There arevarious approaches to calcuila) EEE articles entering the waste stream or WEEE flows,
respectively (StreichdPorte 2006). The two keynputs for this calculation are (i) the amount of

EEE stockpiled (see34L.2) by consumers and (ii) the average life span (combined time of being

used and storedby consumes). These numbers need to be assessed through the consumer
guestionnaires as explained in the previous section. EEE entering the waste stream or WEEE
generated cathen6 S O f Odzf F 6 SR dzaAy3a (KS aO02yal@miliizy |y

WEEE generated per year £ "'/ Isgeg

Where
- Meee(**™%is the amount of EEF étockpiled at the consumer [in metric tons]
- Isegp is the average lifespan of the specific appliancej) ([in years]
(combined time of being used and stored at the consumer)
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If further details about thdinal disposabnd treatment process of WEEE are essentiahay be
necessary to conduct field studies and hold intensemith key stakeholders of the waste sector. A
guestionnaire for recyclers can be foundamexb5.

4.3.2 Total polymer fraction in relevant EEE/WEEE

As discussed earlier in this chapterlevant EEE/WEEE related to PFRBDES only includgsingle)
product types and WEEE categoriesving & average concentration of PGBDEs around or
F62@S (KS w2ablé¢ £10).dhescorréspofidihg data for the total polymer fraction are
compiled in table 8.

Table4-9: Total polymer fractions in the relevant EEE/WEEE in Europe. Printed wiring boards and cables are
not included(Waeger et al., 2008)

CategoryArticle Total polymer fractioripoymer[in % by weight]
Minimum Maximum Mean
3 | ICT equipmenwithout monitors 26% 58% 42%
4 Consumer equipment without 21% 26% 24%
monitors
3 | CRT monitors 13% 38% 30%
4 | CRITVs 15% 38% 30%

4.3.3 POP-PBDEs content inthe polymer fraction

To complete the inventory of the PEMBDESs in EEE, data about their concentration in the total
polymer fraction of the relevant EEEe needed Gogpajpolymerk))-

According to a studyhat analyzed the concentrations of ROHS substances in mixed plastics from
WEEE in Europe, the averagencentration of eOcttBDESEOSSRa (G(KS w21 {Q al/ *
product types in WEEE categories 3 and 4 (Waeger, @0410). In all casethe polymer containing

those concentrations was ABS.

Table 410 provides the concentration of-©ctaBDE in the totapolymer fraction used in the
relevant EEHt should be noted that the provided dateere derivedirom mixed polymer fractions
from different WEEE recycling plants in Europe in 2010 (Waeger ,e2(dl0). The sampling
procedure is described in detail inetstudy®’

Table4-10: c-OctaBDE content in total (mixed) polymers fractions of different WEEE in E(zopeentration

ranges in European WEEE Forum countries as described in Waeger et al., 2010)

CategoryArticle c-OctaBDEcontent intotal polymer fractionsn [kg/ metric
tonne] *
(CbctaBDE;Polyme))
Minimum Maximum Mean
3 | ICT equipment w/o monitors 0.05 0.4 0.225

17 http://ewastequide.info/files/Waeger 2010 Em@EEEForum.pdf
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3 | CRT monitors 0.14 10.6 2.54

4 | Consumer equipment wiC

monitors (1 composite sample) - 0.15

4 | TV CRT monitors 0.05 3.54 0.87

* RoOHS limit for ©ctaBDEis 0.1% or 1 kg/metric ton; CRT casings treated wiBc@BDE contain
approximately 15%-©ctaBDEncludingabout10% POMPBDEsHexaBDEndheptaBDE

4.3.4 How to use collected data
inventory

for the estimation of the POP -PBDEs

This section outlines howw usecollecteddatain calculationgo get the estimation for inventory of
POPPBDESs in WEEE and related pldstia country (seefigure 41). Due to the differing nature
(flow or stock) of the three stagesr{ported EEE4.3.4.1; stockpiled EER.3.4.2; EEE entering the
waste stream 4.3.4.3 in the lifecycle of EEE/WEEE under consideratibe calculation approach
is described for each stage.

Table 411 presents the most important numbers for the estimation.cAicial number is the-c
OctaBDEcontent in the total polymer fraction varying with age and type of the REEhesedata

were usedfrom mixed polymers in WEEE from Europe in 2010, it can be assumed that the-given c
OctaBDEcontents reflect a (European) mbf EEE manufactured before and after the ban-of ¢
OctaBDE

Table 4-11: Total polymer fractions and-©ctaBDEconcentrations in relevant EEE categor{data from

Europe; Waeger et al., 2010)

Relevant EEE Total polymer fraction (mean)| c-OctaBDE content (meani plastics
fPonmer[in % by We'ght] Q)ctaBDE;Ponmem [kg/ metric ton]*]

WEEE category 3

(without CRTS) 42% 0.225

CRT computer monitors 30% 2.54

WEEE category 4 0.15

(without CRTS) 24% )

CRTTVs 30% 0.87

* RoHS limit for ©ctaBDHEs 1 kg/metric ton or 0.t %

4.3.4.1 PORPBDESs in imported EEE

Since POPPBDESsproduction has stopped new EEE imported are of minor concern for this
inventory.'® Hence the estimation can be limited to secenand imports. The amount of POP
PBDEs is calculated as follows (see fpare 43):

Mc»OctzBDE;imported EEE@ MEEE(j);importe&( fEEE(j);seconHand X fPonmerX C‘c—OctaBDEPonmer
Where:

- McoctspEimported eef$ the amount of €cteBDEN imported seconeéhand EEE()) in [kg]

% ome c-OctaBDE(normally below 1%])s discovered in som&EE plastidue to recycling of polymers from WEEE
(Bantelmann et al., 2010)
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Meeggimported IS the amount of imported (new + secotend) EEE)(in one year in [in
metric tons] see section .1.1.

feee():secontana IS the share of secondand EEE(j) among the imports in [weigh}
seesection 43.1.1 andtable 44.

feaymerlS the total polymer fraction in EEE()) in [weigf}
seesection 43.2 andtable 49

Coctspe PoymelS the content of the ©cteBDEN the total polymer fraction of EEE()) in
[kg/ metric tons] see section 4.3 andtable 411

Consequently the POGPBDEYc-OctaBDE contents of all relevant EEE(j) can be added up, in order
to present an aggregated number for the sum of FRBBES (©ctaBDE in all imported EEE.

Total amount of imported EEE Meeg).imported

New EEE Second-hand EEE  |(1) feeggysccondhand

Total polymer fraction @ foolymer

OctaBDE content in fPonm\e:;‘C @ COctaBDE;Polymer

Figure4-3: Schemeo estimatethe amount of eOctaBDEN imported EEE

43.4.2

POP-PBDEs in stocks of EEE

In contrast to the imported EEE, it is not feasible to split the stockpiled EEE intc siariel
(secondhand) EEE&Nd new EEE. Thus, the amount of PEEDES is estimated considering the
whole bulk of stockpiled EEE (see digare 44):

Mc—OctdBDE;EEE(j_‘)‘ IleEE(j);stockpiIeZ‘ fPonmerX Cc—OctaBDE;Ponmer

Where:

M c-occtaBDE:stockpiled Eed the amount of €ctaBDEN stockpiled EEE()) in [kg]
MeeggstockpiledlS the amount of stockpiled EBEQ [in metric tons] see section3t1.2

froymeriS the total polymer fraction in EEE()) in [weigh}
seesection 43.2 andtable 49

CoctoE:PolymelS the content of the ©cteBDEN the total polymeifraction of EEE()) in
[kg/metric ton] see section 8.3 andtable 411

Consequently the POGPBDIS (c-OctaBDE contents of all relevant EEE(j) can be added up, in order
to present an aggregated number for the sum of FRBBES (©ctaBDE in all stockpiledEEE.
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Total amount of stockpiled EEE @ Meee():stockpiled

Total polymer fraction @ Trolymer

OctaBDE content in fPonr;'l‘;r‘C @ COctaBDE;Ponmer

Figured-4: Schemeo estimatethe amount of eOctaBDEnN stockpiledEEE

4.3.4.3 POP-PBDEs in EEE entering the waste stream
The amount of POPBDESs in WEEE is estimated as follows (sedigise 45):

Mc—OctaBDE;WEEE(]'_‘)‘ |\/I\NEEE(j?( fPonmerX Q—OctaBDE;Polymer

Where:
- MC—OctaBDE;WEEE(iﬁ the amount of €ctaBDEN WEEE(J) in [kg]

- Muweeg is the amount of generated WERE( one year in [in tonnes]
seesection 43.1.3

- rest: see above

Consequentlyghe PORPBDE (c-OcteBDE contents of all relevant EEE (j) can be added up, in order
to present an aggregated number for the sum of FBBESs (©ctaBDE in EEE entering the waste
stream.If WEEE is exportethis fraction can be calculated separately (Sgere 41).

Total amount of WEEE @ Mweee()

Total polymer fraction @ foolymer

OctaBDE content in fpow,;;}‘C @ CoctaBDE:Polymer

Figure4-5: Scheme to estimate the amount of@ctaBDE in EEE entering the waste stream (WEEE)

4.3.4.4 POP-PBDEs in secondary polymers from recycling from
WEEEand import s

Information onfurther management and treanent of polymers generated from WEEE needs to be
identified as such polymer fractions could be also further used and may influence the successful
implementation of the Stockholm Conventideee figure 41). Thereforeboth material streans

need to be considered

Polymers generated from WEEE recycling are either
1 Thermally treated odisposel ofin the country
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1 Recycled to articles within the country (saésochapter 4 ofPBDE BAT/BEBuidance
1 Exported to other countries for recycling

The material flows of plastic from domestic WEEE recycling and of imported WEEE plastic for
recycling need to be monitored for their final ewdlife management or recycling. Information can

be gathered from the facilities recycling WEEE ,ahdmport of WEEE or used polymers are
relevant from customs. Also facilities processing WEEE/used plastic for recycling or for thermal
treatmentneed tobe contactedandassessedand information on amounts noted.

If recycling activities of WEEE polymers take elat the country the amount of the WEEE
polymers useatould be collectedeither from the recycling plant, the facilities providing the WEEE
polymersor customs Details of sampling and analysis of these polymers are described in the
Guidance forStrengthening the Regulatory Framework/Voluntary Agreements Regulating the
Monitoring of Products/Articles that Contain or May Contain New P@RBengthening POPs
Regulatory FrameworlGuidance Secretariat of the Stockholm Convention, 2Q12he inventory

can be done by estimating the amount of total polymers from WEEE used in recycling and the
respective concentration of PEGMBDES in these polymers (similar to the approach described above
or by using own measurements).

Articles made from POPBDE-contaning materialscould be labelled.lt alsoneeds to be assured
that POPPBDE-containing materials are not recycled into articles with sensitive usas ¢hapter
5 of PBDE BAT/BEBuidancg. Finally these products need to be treated at emdHife in an
environmentally sound manner (se€eBDE BAT/BEBuidance Stockholm ConventigrAnnex A
Pars1V and V).

-OctaBDE content to POP -PBDEs

For thefinal inventoryandarticle 15 reportingthe listedhexaBDEnd heptaBDHEfrom ¢OctaBDE
need to be calculatefom the ¢OctaBDE total amounfverage eOcteBDEconsists ofthe 43% of
heptaBDEhomologue andl1%the hexaBDEomologue(see table 412). Calculated numbers are
the values that are to be submitted.

4.3.5 Recalculation from ¢

Table4-12: HexaBDE ankleptaBDBpresent in EEE, WEEE amg@olymers in recycling

Homologues | Distribution | POPPBDES in POPPBDESs in POPRPBDES POPPBDES in
homologues| import for stocks for entering the recycled
c-OctaBDE | inventory year inventory year waste stream polymers for

20XX* 20XX* 20XX* inventory year
20XX*

Inventoried Sc-OctaBDE Sc-OcteBDE Sc-OctaBDE Sc-OcteBDE

c-OctaBDE

(43.4.1) (43.4.2) (43.4.3) (43.4.4)

HexaBDE 11%

HeptaBDE 43%

OctaBDE** 35%

P ———

* 20XX shoulthe replaced by the year of the inventory

a7




** |f polymers from WEEE are exportatese should also be inventoried
** Not listed as POIPBDEin the Convention and therefore excluded from reporting.

Note: GPentaBDE has been used to an unknown and magiably minor extent in PWBs with no
measured data available. Therefore this is currently not quantitatively considered in th&B®
inventory. The quantity of PWBs in the Restterritory might be estimated and noted until
contamination levels have been established.

4.4  Step 4 : Managing and evaluating data

When a country improves the inventory of tieEEWEEver time the data quality will become
better and more reliable. It is ssumed that countries establish and update inventories of
EEEWEEHEor waste management and material recovery purposes and that this will result over
time inmore robust inventories.

In this step the data need to be assessed for completeness and playsimissibly including the
comparison with data from other countries in the region. Data gaps may (partly) be filled by
extrapolation of available statistical data.

The gathered general inventory data for EEE and WiekE be managed in an appropriate
database and sent to the governmental agency responsible for statistics. Since the data are highly
valuable for the (waste) management of EEE and \WHEiEy could be made available to
departments responsible for wastand resourcemanagement in the country Ministry of
Environment or other responsible ministries) and to tbempetent authority of the Basel
Convention. The data could possibly be fed into and further managed within a database of the
governmental bodyesponsible for wastand resourcananagemen

45  Step 5: Preparing the'i nventory report

The compiled datafor this sectorare included with the methodology used and the detailed
calculatiors in the PORPBDE inventory report This inventorycan appear as a chapter in the
overallreport. Anycountry-specific adjustments and estimatesuldbe noted and described.

5 Inventory of POP . -PBDEs in the transport sector

The transport sector (cars, buses, trucks, trains, plaaedships) is one of the large material flows
of goods and ultimately becomes a largraste and recycling flow.he endof-life management of

the transport sector is a highly relevant material flow for the recovery of materials and for
managing pollutants (sedeBDE BAT/BEPuidanceVermeulen et a]2011).

A large proportion of ®enta8BDEuse has beemvithin the transport sectagrthe major usewasfor
treatment of flexible PUR foams (automotive seatingead rests car ceilings, acoustic
management systemsetc) and a minor usevasin backcoating of textilesusedon car seat. G
OctaBDEhas also been used to some extent in plastieicleparts (steering wheeslashboards
door panelsetc).

Cars and other vehicles (trucks and buses) are the major portion of the transport sector containing
the largest volume of PGPBDEs. The focus and methodology the inventoryare therefore
centred on these vehicles. Ships aa@rgplanes are not included in the described calculation
methodologyso asto simplify the details. If a country has a relevaetroplane and/or ship fleet

these sectors may be calculated and inventoried by an analogous approach.
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