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Abbreviations 

ABS acrylonitrile butadiene styrene 

APCI-HR TOFMS atmospheric pressure chemical ionization-high resolution time-
of-flight mass spectrometry 

ASR automotive shredder residue 

ARN Auto Recycling Nederland 

BDE brominated diphenyl ether 

BFR brominated flame retardant 

C&F cooling and freezing 

c-DecaBDE commercial decabromodiphenyl ether 

c-OctaBDE commercial octabromodiphenyl ether  

c-PentaBDE commercial pentabromodiphenyl ether 

CRT cathode ray tube 

d density 

EEE electrical and electronic equipment 

ELV End-of-Life vehicle 

EPDM ethylene propylene diene monomer 

Euro NCAP European New Car Assessment Program  

FPD flat panel display 

FR flame retardant 

GC/ENCI-MS gas chromatography/electron capture negative ionization-mass 
spectrometry  

GF glass fiber 

HBCD hexabromocyclododecane  

HDPE high-density polyethylene 

ICT information and communication technology 

IT information technology (computer equipment) 

KEI small electric and ICT equipment (in Dutch: kleine elektrische en 
ICT- apparaten) 

LDPE low-density polyethylene 

LHA large household appliances (in Dutch: groot witgoed) 

LOD limit of detection 

µg  microgram (one millionth of a gram) 

MON monitors 

MSR mixed shredder residue (automotive + WEEE) 

MSWI municipal solid waste incineration 

NL The Netherlands 

OWEB remaining household appliances (in Dutch: overig wit- en 
bruingoed) 

PA polyamide 

PA66 polyamide 66 (nylon) 

PBDE polybrominated diphenyl ether 

PBT polybutylene terephthalate 

PC polycarbonate 
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PET poly(ethylene terephthalate)  

PMMA polymethyl methylacrylate 

POM polyoxymethylene 

POP-BDE PBDEs fulfilling the Persistent Organic Pollutant criteria of 
Stockholm Convention 

PP polypropylene 

ppm parts per million (equivalent of µg/g) 

PST post shredder technology 

PU(R) polyurethane 

PVC polyvinyl chloride 

PWB  printed wiring board 

RDF refuse derived fuel (produced by shredding/drying solid waste) 

RoHS Restriction of Hazardous Substances Directive 2002/95/EC 

RSC regional sorting centre (in Dutch: regionaal sorteercentrum) 

SHA small household appliances 

TBBPA tetrabromobisphenol A 

TOFMS Time-of-Flight mass spectrometry 

TVM TVs + monitors 

VCR video cassette recorder 

WEEE waste electrical and electronic equipment 

XRF X-ray fluorescence spectrometry 
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Preface 

In 2009 several brominated diphenyl ethers (BDEs) present in commercial PentaBDE (c-
PentaBDE) and commercial OctaBDE (c-OctaBDE) were added to the Stockholm 
Convention on persistent organic pollutants (POPs). Within the European Union the 
Convention is implemented through the POP Regulation, implying that production and 
use is prohibited. Before 2000 c-PentaBDE and c-OctaBDE were widely applied as flame 
retardants in plastics.  
 
The Dutch Ministry of Infrastructure and the Environment (Min I&M) is responsible for 
the commitments to the Stockholm Convention and the European Regulation. In light 
of these commitments, the Min I&M has commissioned IVM (lead contractor) and IVAM 
to gain insight into the different waste streams in the Netherlands in which Stockholm 
Convention POP-BDEs may be present and to quantify the amount of these BDEs in 
these waste streams. IVM and IVAM joined forces to provide relevant objective 
information, facts, and waste POP-BDE assessment combined with measured 
concentrations in relevant waste streams and recycled products. This report informs 
the Min I&M and help the Netherlands comply with the Stockholm Convention. 
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Executive Summary 

Recycling polymeric materials addresses the need for resource efficiency in a finite 
world, but at the same time it raises questions about the possibility of toxic compound 
residues being introduced into new products made from recyclates. This study 
investigated how waste streams that potentially contain commercial mixtures of penta- 
and octa-bromodiphenyl ethers are handled in the Netherlands. Therefore, the scope 
of this study ranges from the kilotonne scale of recycling facilities to the picogram 
scale of a mass spectrometer. 

Belonging to a class of brominated flame retardants widely used in combination with 
plastics, the substances in the commercial pentaBDE (c-PentaBDE) and commercial 
octaBDE (c-OctaBDE) have been recognized as persistent organic pollutants or ‘POPs’ 
under the Stockholm Convention (POP-BDE). The commercial BDE products contain 
many different BDE congeners, but the ones listed as POPs under the Stockholm 
Convention are tetra-, penta-, hexa- and heptabrominated BDE congeners. There is 
currently only limited understanding of the dynamics of the distribution and levels of 
such BDEs in waste streams in Europe and worldwide.  

This study investigated how waste materials that possibly contain POP-BDE are sorted, 
separated, disposed of, recycled, landfilled, incinerated and/or exported in the 
Netherlands. The relevant information was collected from interviews with key actors in 
the waste sector and from reports and scientific literature. POP-BDEs have been used 
mainly in the electronics and the automotive sectors. For both End-of-Life vehicles 
(ELVs) and waste electrical and electronic equipment (WEEE) there are national 
organizations coordinating the collection and processing. These waste flows are 
therefore relatively well documented. Many companies are involved in collection, 
sorting and the first processing steps, while only a few companies perform the actual 
separation of plastics which may contain POP-BDE. Only part of these separated 
plastics can be traced to companies producing recycled plastics which are ready to use 
in new products. In which new products these plastics are subsequently used is even 
harder to trace, as most of this production is not done in the Netherlands. 

Sampling of materials for BDE analysis was performed in waste products, in shredded 
materials and in new products. The focus of waste sampling was on plastic waste 
products which were likely to contain POP-BDEs, such as the automotive and electronic 
waste stream materials (especially polyurethane and acrylonitrile butadiene styrene). 
Samples were taken of new plastic products sold in the Netherlands (such as toys and 
household/office items), and manufactured using recycled plastic.  

A cost-effective, fast ‘direct probe’ screening method that has been newly developed at 
IVM was applied to quickly determine the presence or absence of POP-BDEs. The 
method can be used to screen samples for POP-BDEs, so that the more laborious 
solvent extraction procedures are only done when quantifiable amounts are present. In 
total 90 samples were selected for determination of the POP-BDE concentrations, using 
gas chromatography-mass spectrometry (GCMS). 

This report provides a unique POP-BDE dataset for the relevant plastic waste streams in 
the Netherlands. The waste streams have been investigated in detail in order to 
uncover the story of plastic waste that may or may not contain POP-BDEs. Combining 
the measured concentrations with information collected from the sectors, mass flows 
of these flame retardants were calculated and mapped through Dutch waste streams. 
Insight was gained into the effectiveness of separation of waste streams which 
sometimes did contain POP-BDEs. In general, POP-BDEs were found in very few single 
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automotive parts (when found, the car part was from the USA) or WEEE items. This was 
in contrast with shredder material (consisting of a large number of shredded items), 
where POP-BDEs were frequently detected (up to 330 µg/g). DecaBDE is frequently 
found in plastic fractions from shredded automotive and WEEE materials and recycled 
plastic pellets, generally at higher concentrations than the POP-BDEs. 

Although concentrations in plastic shredder fractions from WEEE are found to be 
somewhat higher than in plastic shredder fractions from ELV (both representative of 
the average plastics flow), the highest concentrations in single items were found in 
some ELV samples. Seats of American cars were shown to be a POP-BDE hot spot in the 
ELV sector, with up to 25,000 µg/g in polyurethane foam of a Pontiac car seat (mostly 
c-PentaBDE congeners). No such hot spots were found for WEEE items. In one scanner 
POP-BDE congeners from c-OctaBDE (as well as decaBDE), but the high POP-BDE 
concentrations expected in old CRT TVs were not found in the samples. This indicates 
that a selective removal of POP-BDE containing plastics may be more challenging in the 
WEEE sector than in ELV processing. Samples of WEEE plastic fractions after separation 
based on density showed higher POP-BDE concentrations in the higher density plastics, 
but differences were less than an order of magnitude. In two batches of purified ABS 
and PS pellets (sampled at different companies), BDE concentrations are considerably 
higher in ABS than in PS. 

The investigation of the size of waste streams and the research on POP-BDE 
concentrations resulted in the calculation of a POP-BDE flow of 7.0 tonnes per year for 
the WEEE flow and 0.20 tonnes in the automotive waste for the Netherlands, 
corresponding to 0.42 g POP-BDE in WEEE per inhabitant and 0.012 g POP-BDE in ELVs 
per inhabitant. Both in terms of plastic flows and average POP-BDE concentrations, 
WEEE is more relevant than ELV. In the relevant WEEE categories, the plastics flow is 
around 72,000 tonnes, while ELVs have a yearly plastics flow of around 20,000 tonnes 
in the Netherlands. Average POP-BDE concentrations in flows of shredded ELV plastics 
are found at tens of µg/g, and in the low hundreds of µg/g for shredded WEEE plastics. 
Concentration ranges however vary widely. 

Based on the mass flow analysis, 22% of the POP-BDE in WEEE is expected to end up in 
recycled plastics. In the automotive sector, 14% of the POP-BDE is expected to end up 
in plastics recycling, while an additional 19% is expected to end up in second-hand 
parts (reuse). 

Despite the limited number of samples taken of new products compared to other 
points in the investigated plastic flows, POP-BDEs were detected at low concentrations 
in some products. The POP-BDE containing recycled products were produced abroad, 
suggesting that to some extent POP-BDEs exported in the form of plastics return to us 
in new products. This also indicates that the legacy of POP-BDEs will be with us for 
quite some years to come, until the plastics are eventually so far downcycled that they 
will probably end up in incineration. At least the POP-BDEs that are turning up in 
plastic consumer items such as toys are not at the elevated levels that we were 
accustomed to when measuring new equipment up until the end of the 1990s. 
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1 Introduction 

1.1 Background 

The worldwide trend towards reduction of toxic compound applications in consumer 
products is intended to benefit both human health and the environment, and has led 
to the phasing out of several brominated flame retardants including the commercial 
penta- and octa-bromodiphenyl ether products (c-PentaBDE and c-OctaBDE resp.). The 
main components of c-PentaBDE are tetrabromodiphenyl ether and 
pentabromodiphenyl ether congeners; hexabromodiphenyl ether and 
heptabromodiphenyl ether are the main components of c-OctaBDE. These compounds 
were classified as persistent organic pollutants (POPs) and were added in 2009 to the 
Stockholm Convention POPs list1 and subsequently to the European POP Regulation 
850/2004 (EU 2010). The Convention specifically stipulates that the additional listing 
includes the tetrabromodiphenyl ether BDE47 and the pentabromodiphenyl ether 
BDE99, and ‘other tetrabromodiphenyl and pentabromodiphenyl ethers present in c-
PentaBDE’. It further lists the hexabromodiphenyl ethers BDE153 and BDE154, and the 
heptabromodiphenyl ethers BDE-175 and BDE 183, and ‘other hexabromodiphenyl and 
heptabromodiphenyl ethers present in c-OctaBDE ether’. These tetra-, penta-, hexa- 
and heptabrominated BDE congeners are referred to as the ‘POP-BDEs’ and are the 
focus of this report. 

POPs are chemical substances that are persistent (do not readily degrade), 
bioaccumulate in organisms and can cause toxic effects. Phasing out the world’s most 
toxic chemicals is an important step towards protecting human and ecological health. 
The limited capacity of the planet to provide materials and resources has also brought 
society to the point of recognizing the importance of resource efficiency, which is 
about controlling negative environmental impacts, closing materials loops through 
recycling, and decoupling economic growth from resource use2. It has stimulated 
policymaking and led to recycling targets in countries in Europe and around the globe. 
The combination of increased volumes of materials being recycled and the presence of 
toxic compounds in existing products raises the question to what extent traces of 
toxics will be present in waste streams.  

The POP-BDE substances now in the Stockholm Convention are no longer produced or 
used except in products that contained these flame retardants in 2009. After 2030 at 
the latest, no exemptions will be possible; this is also when most of the products that 
might still contain the POP-BDEs have become obsolete. Annex A of the Stockholm 
Convention specifies a specific exemption for the recycling of articles in accordance 
with the provisions in Part IV and V of Annex A. Today, these POP-BDEs are thought to 
be widespread throughout consumer products in households and businesses, for 
example in polyurethane foams and in electronics. Several Parties to the Convention 
have carried out research on these BDEs in waste streams and manufactured products 
to determine to which extent the chemicals currently are present. Due to the limited 
life spans of consumer goods, e.g. under 17 years for cars (BOVAG – RAI 2013; ESWI 
2010), ca. 10 years for furniture and 7-9 years for electrical and electronic equipment 
(EEE) (ESWI 2010), these materials are on a fast track to become waste material.  

In Europe, c-PentaBDE was almost exclusively applied in flexible polyurethane (PUR) 
foams (95%), while c-OctaBDE was used in acrylonitrilebutadiene-styrene (ABS) 

                                                
1  http://chm.pops.int/Convention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx 
2  http://ec.europa.eu/environment/resource_efficiency/ 

http://ec.europa.eu/environment/resource_efficiency/
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polymers (95%) before their production and use was regulated by the Existing 
Substances Directive in 2004 (ESWI 2010). C-PentaBDE was applied in upholstery, 
furniture and automotive PUR foams, typically at concentrations of 4% by weight. C-
OctaBDE concentrations in ABS may range between 10 and 18% by weight, with the ABS 
used as housings/casings of EEE (mainly CRT TVs and electrical heating equipment), 
accounting for approximately 95% of the total use of c-OctaBDE. 

The European Waste Electrical and Electronic Equipment (WEEE) Directive 2002/96/EC 
requires separate treatment of electronic waste containing polybrominated diphenyl 
ethers (PBDEs). While it is possible to screen for brominated flame retardants (BFRs) in 
WEEE plastics using X-ray fluorescence (XRF), the separation of plastics with and 
without BFRs is currently often based on differences in their densities. A rough 
distinction is made between plastics containing BFRs, assumed to have densities ca. 
1.20 tonnes/m3 or more, and plastics with densities of maximum 1.05 tonnes/m3 
which are considered unlikely to contain BFRs. The high density fraction containing 
BFRs is often exported or incinerated. However, these relatively simple detection and 
separation techniques do not distinguish between POP-BDEs and other BDEs or BFRs.  

This study set out to determine where POP-BDEs were present in Dutch waste streams, 
and how these waste streams are handled – from sorting, separation and disposal, to 
recycling, landfill, incineration, or export of recyclates Are waste streams that contain 
POP-BDEs currently separated from those which do not contain POP-BDEs? And to what 
extent are POP-BDEs present in new products made from recycled plastic materials? 

1.2 Research objectives 

i. To determine the size of the relevant waste streams in the Netherlands and the 
concentrations of POP-BDEs in them;  

ii. To investigate how these waste streams are treated in the Netherlands (sorting, 
separation and disposal, recycling, landfill, incineration, export); 

iii. To investigate the degree to which waste streams containing POP-BDEs are 
currently separated from other waste streams, and how effective these 
techniques are;  

iv. To investigate to what extent POP-BDEs are present in new products made from 
recycled materials  
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2 Methodology 

The two main focuses of this study were i) an investigation of the Dutch waste streams 
that contain POP-BDEs, and ii) the determination of POP-BDE concentrations in the 
waste items, identified waste streams and recycled plastic products for sale in the 
Netherlands. Combining this data, the flow of waste materials containing POP-BDEs 
was quantified and mapped. 

2.1 Tracing POP-BDE paths through Dutch waste streams 

As explained in the introduction, the main POP-BDE waste stream for c-PentaBDE is in 
the automotive sector, while c-OctaBDE has been applied extensively in EEE. 
Identification of the waste streams in the Netherlands was based mainly on interviews 
with key waste processors, recyclers, branch organizations and plastic and flame 
retardant (FR) producers (listed in Annex B). This contributed to the overview of waste 
streams (material flows) and an understanding of how the waste processors and 
recyclers quantify the presence of BDEs. The outcome of the waste stream data 
provided information which typical waste flows of EEE (WEEE) and End-of-Life vehicles 
(ELVs) are processed, and which waste/products are expected to contain BDEs. This 
information was used to set up a sampling design based on the most relevant waste 
and recycling products.  

2.2 Sampling of waste polymer materials and new recyclate-based 
products  

To investigate the occurrence of POP-BDEs in waste and recyclate-based products 
sampled in the Netherlands, four levels in the waste stream were targeted for 
sampling (Figure 2.1): 

• Waste polymeric materials 
• Shredder materials 
• Recycled plastic fraction materials 
• New products made from recycled plastic 

In addition to new products known to be made from recyclates, hard plastic toys from 
China were also targeted for investigation. A recent study showed that low but 
detectable levels of POP-BDEs were present in plastic toys purchased in Belgium (Ionas 
et al. 2012). In that study, especially hard plastic toys had a high incidence of POP-
BDEs (about 90% of the hard plastic toys investigated). A large amount of recycled 
plastic pellets generated in Europe are likely to have been shipped to China in the past 
to be manufactured into new products. Therefore, a number of hard plastic toys made 
in China were bought on the Dutch market for POP-BDE analysis. Sampling and 
analyses took place between March and September 2013. 
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Figure 2.1  Samples of plastic material in the waste stream chain. The plastic 
recyclate content of the plastic toys is uncertain. 

Samples of waste and recycling products to be studied were also selected according to:  

a.  variety of product types (EEE, automotive, etc.),  
b.  variety of polymer types (ABS, HIPS, PUR)  
c.  variety of waste treatment strategies (incineration, recycling, etc.).  
d.  end-products made from recycled materials 
e.  year of production of material 
 
Selected samples (n=29) were screened for their BDE content using a newly developed 
screening method, consisting of analysis by direct probe combined with Time-of-Flight 
mass spectrometry or TOFMS (see section 2.3.2 and Ballesteros-Gomez et al. 2013). Of 
all samples collected, 90 samples were selected for further quantitative analysis. These 
ranged from automotive PUR foams, electronic waste acrylonitrile butadiene styrene 
and high impact polystyrene (ABS and HIPS) and newly manufactured products made 
from recyclates, such as coffee machines, isolation foam and office materials. The 
sample set was designed to be sufficiently large and well-distributed to reach the 
objectives of the study, i.e. to give insight into where POP-BDEs are present in Dutch 
waste streams, and when detected, at which concentrations they are present in the 
materials. However it should be noted that the study design was not intended to 
provide for large-scale, exhaustive investigations or to provide information on the 
temporal dynamics of POP-BDEs in waste streams or in new products made from 
recyclates. An overview of the types of samples collected and the number per item can 
be found in Table 2.1 below. See Annex C for detailed lists of all waste and product 
samples.  

The total of samples collected gave insight in both representative POP-BDE 
concentrations in waste flows (from samples of shredder fractions consisting of a large 
amount of items/products) and extreme concentrations (hot spots, from 
samples/products/items specifically selected for expected high POP-BDE levels). 

Targeted waste streams. The investigation of the waste streams of POP-BDEs in the 
Netherlands focused primarily on the EEE and the automotive sectors where POP-BDEs 
are known to have been applied as flame retardants (see above). Sample collection 
targeted materials from the automotive and WEEE sectors, especially waste materials 
from products manufactured before 2001. The samples were collected from major 
waste and recycling companies but some smaller companies were also included. From 
each company subsamples of the most relevant waste streams and recycled products 
were collected and shipped to IVM. Because such companies are often specialised in 
certain types of waste (even within a given category), it was important to sample 
several sites. Waste samples were selected to represent different product and polymer 

Waste 
polymeric 
materials

Shredder 
materials

Recycled 
plastic pellets

New recyclate-
based 

products

Plastic toys

?
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types, as well as materials destined for different types of waste treatment (e.g. 
incineration, recycling).  

ELV samples. From the automotive industry 34 samples of single car parts were 
collected from cars assembled before 2001. The sampling campaign for the 
automotive sector was dedicated to specific car types and materials. Based on the 
interviews it was concluded that POP-BDEs are not expected in car interiors, with the 
exception of car seating (foam material). POP-BDEs are expected in plastics used 
between the engine and the car cabin. A first batch of samples consisted of various 
plastic car parts, mainly of European origin (Annex C, Table C1). Since c-PentaBDE was 
rarely applied in European cars, further sampling specifically focused on cars from the 
USA, Eastern Europe, and Asia were included in the sample set. (Annex C, Table C2, C3 
and C11). 

WEEE samples. From a WEEE sorting station 29 plastic materials from single TVs, 
printers, computer equipment (ICT), etc. were collected. Samples were specifically 
selected with a focus on product materials that had the potential to contain POP-BDEs. 
Especially WEEE products produced before 2001 were collected.  

The 29 WEEE sorting station samples were analysed with a novel fast screening method 
to detect whether POP-BDEs are present (further explained in paragraph 2.3.2). 
Following the screening (Annex C, Table C4A), 12 of these products were selected for 
further quantitative analysis of POP-BDE concentrations (Annex C, Table C4B). 

Shredder materials. Three major recycling companies in the Netherlands collected 
plastic and foam materials originating from cars and/or WEEE, and different fractions 
after the shredding and sorting processes were delivered (n=24). One batch of samples 
consisted of shredder residue from a car shredding company and 3 plastic fractions 
separated from this material in a Dutch post shredder technology (PST) installation. 
One of these plastic fractions (sample 13/0452) was further separated in the 
laboratory into four subsamples (Annex C, Table C5). A second batch received from 
the same PST installation consisted of mixed shredder residue (originating from both 
WEEE and ELVs) and four plastic fractions obtained from this material (Annex C, Table 
C6). A sample received from a WEEE recycler of the mixed plastic fines fraction after 
shredding and separation steps was further separated at the IVM lab into three density 
fractions (Annex C, Table C7). From a different WEEE recycler, 9 samples were received 
of different plastic shredder fractions from batches of ICT, OWEB (remaining household 

appliances) and a specific ABS and PS fraction (Annex C, Table C8). 

Recycled plastics. A producer of recycled plastic pellets from Belgium (which receives 
a lot of plastics from the Netherlands) delivered samples of various plastic fractions, 
some of which are sold as recycled pellets while other fractions are destined for 
incineration (n=5, Annex C, Table C9).  

New products from recycled plastics. Addressing the cycle of waste streams re-
entering the production chain, samples of new consumer products manufactured with 
recycled plastics were collected, to enable the testing of residual POP-BDEs in finished 
products entering the market. The recyclate-based products were selected based on 
literature information. POP-BDEs have been found in recycled carpet padding in 
samples taken in America, Canada and Hungary at levels ranging from 1 to 1130 µg/g 
(DiGangi et al. 2011). Also in the Netherlands, recycled carpet padding is made and 
sold. In total 3 different recycled carpet padding and isolation material were 
investigated that were produced in the Netherlands (Annex C, Table C12). To further 
investigate the use of recycled plastic pellets in final products, several samples were 
analyzed from office materials (pens and stapler) and kitchen products (coffee 
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machine) that, according to the manufacturer, are made of recycled plastics (n=4, 
Annex C, Table C13). Additionally, eight hard plastic toys were sampled for POP-BDE 
analysis. The toys were mostly manufactured in Asia, and no information is available 
whether these contain recycled plastics (Annex C, Table C10). 
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Table 2.1  Overview of samples collected and analysed for POP-BDEs (and other 
BDEs).  

Sector Type of material 
processed by company 

Type of samples 
obtained 

Samples 
analysed 

(n) 

Automotive     

Car dismantler  Parts and materials of 
European cars  

Car seats, textiles, 
interiors  

12  

Car dismantler  Parts and materials of US 
and Asian cars  

Car seats, textiles, 
interiors  

22  

WEEE sorting station  WEEE items Plastics from TVs, 
printers, etc.  

12  

Recyclers    

 Car materials  Processing of shredder 
residue  

Shredder material 
(plastic and foam 
fractions)  

7  

Car and WEEE materials  Processing of shredder 
residue 

Mixed shredder 
materials (plastic and 
foam fractions)  

5  

WEEE materials  Shredding of WEEE and 
separation of materials  

Several plastic 
fractions  

12  

Producer of recycled 
plastics  

Further separation of 
plastic fractions  

Recycled plastic pellets 
(various plastic 
fractions)  

5  

Recyclate-based 
products  

Products made of recycled 
plastics  

Office material, 
isolation foams and 
carpet padding, 
electronic equipment  

7  

Plastic toys  Hard plastics  Various types of plastic 
toys  

8  

  TOTAL  90  

2.3 Chemical analysis of POP-BDEs in plastic samples 

2.3.1 Quantitative analysis of POP-BDEs  

Plastic samples were prepared by cutting and shredding them into small pieces. 
Samples of waste material or recycled plastic products that dissolved in organic 
solvent (dichloromethane) were brought into solution directly. The plastics that were 
insoluble in the organic solvent were extracted by shaking in the organic solvent for at 
least 4 hours followed by ultrasonic extraction for at least 15 minutes.  

Internal standards (BDE58, 13C-BDE209) and toluene were added to each sample 
extract. In every series, a procedural blank and a JRC/IRMM reference sample of 
poly(ethylene terephthalate) (PET) containing BDE47, BDE99, BDE183 and BDE209 were 
measured for quality control.  
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A set of 25 BDE congeners (Table 2.2) were measured in the extracts by gas 
chromatography with the electron capture negative ionization technique and mass 
spectrometry detection (GC/ENCI-MS), using a highly sensitive method described by De 
Boer et al. (2001, 2006). Note that not all of the congeners in the table are POP-BDEs 
under the Stockholm Convention listings (or in EU POPs Regulation). The relevant POP-
BDEs in c-PentaBDE and c-OctaBDE are easily analysed with the same method as the 
remaining BDEs in Table 2.2. Note that decaBDE (No. 209) is not a POP-BDE according 
to the Stockholm Convention, although it has been found to be present in c-OctaBDE 
(La Guardia et al. 2006).  

 

Table 2.2  Set of BDE congeners (both POP-BDEs and BDEs not classified as POPs) 
analyzed indicating the degree of bromination (tri, tetra, etc.). The 
boldface compounds are present >1% in c-PentaBDE or c-OctaBDE 
according to a detailed analysis provided by La Guardia et al. (2006).  

tri tetra penta hexa hepta octa nona deca 

BDE28 BDE47 BDE85 BDE138 BDE171 BDE196 BDE206 BDE209 

 BDE49 BDE99 BDE153 BDE183 BDE197 BDE207  

 BDE66 BDE100 BDE154 BDE184  BDE208  

 BDE71 BDE119 BDE156 BDE191    

 BDE77 BDE126      

 
The limit of detection (LOD) for each BDE congener was around 0.1 µg/g product, 
which is equal to 0.000010% by weight in material. The LOD level is around 40,000 
times lower than the maximum concentration value set by the EU (in the 2005 
Commission Decision to amend the Restriction of Hazardous Substances in Electrical 
and Electronic Equipment (RoHS) Directive (2002/95/EC) for newly marketed EEE: 0.1 % 
(w/w) weight in homogeneous materials for polybrominated diphenyl ethers (PBDEs). 

2.3.2 Direct probe screening method  

For selected WEEE samples (Section 3.2) we demonstrated a novel method for 
screening POP-BDEs in plastic materials. This was carried out on the samples prior to 
analysis with the method of quantification described above. With the results of the 
screening, full quantitative analysis was carried out in the samples in which POP-BDEs 
were detected.  

Developed at the IVM Laboratory (Ballesteros-Gomez et al. 2013), the screening 
method can be applied to detect flame retardants (and plasticizers) and makes use of a 
direct probe coupled to atmospheric pressure chemical ionization-high resolution 
time-of-flight-mass spectrometry (APCI-HRTOF-MS). The method involves introducing a 
glass probe directly into the shredded plastic material, removing large particles with a 
lint-free cotton cloth, and introducing the sample into the mass spectrometer (MS) 
source. The direct probe is a straightforward and relatively inexpensive way to 
identification flame retardants in solid (waste) materials such as sampled in this study, 
and does not require any sample preparation. The analytical equipment obviously 
requires financial investments, however cost savings arise from the shortened sample 
preparation and analysis time, as well as some savings on chemicals normally used in 
solvent extraction steps prior to analysis. The screening takes a few minutes, and is 
highly suited to samples with relatively high concentrations.  
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The LOD of the direct probe APCI-HRTOF-MS method is in the range of 0.5-25 pg 
(absolute), or 0.025% w/w in samples, which is low enough for technical and recycled 
materials and below the required level of PBDEs for EU WEEE Directive compliance 0.1% 
w/w.  

This laboratory screening method has been successfully applied not only to a large 
array of PBDEs, but also phosphorus flame retardants and new flame retardants can be 
detected with this method (microgram per gram to milligram per gram levels). The 
method has not been adapted for onsite screening. Further details about the method 
and how it was developed can be found in Ballesteros-Gomez et al. (2013). 

2.4 Quantification of mass flows 

The POP-BDE concentrations analyzed in the samples most representative for the 
specific waste streams were combined with the data available on waste flows in the 
ELV and WEEE sector in the Netherlands. Data on average plastic content of ELVs and 
WEEE, specific percentages of plastic types (or more general: average ratios of high to 
low density plastics) and data on the amounts of plastics ending up in different waste 
scenarios were all combined to calculate mass flows of POP-BDEs in the processing 
routes of ELVs and WEEE. 
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3 Results 

3.1 POP-BDEs in Dutch waste streams 

3.1.1 Historic application of POP-BDEs  

 
POP-BDEs in automotive and electronics products. The historic applications of POP-
BDEs have been in the plastics ABS, HIPS and PUR, as described in a number of 
publications (Rahman et al. 2001; Alaee et al. 2003; EFRA 2010; ESWI 2010; Peacock et 
al. 2012; SSC 2012; Zangl et al. 2012). C-PentaBDE was mainly used in the automotive 
sector, while c-OctaBDE was used mainly in the electronics sector. Loading rates were 
in the range of 10-18%, although the overall use was higher in the electronics than in 
the automotive sector. According to a BFR manufacturer, c-OctaBDE has been used 
almost exclusively in ABS, and not in other plastics.3 

The specific POP-BDE uses mentioned most often are for PUR foam in car seats and ABS 
and HIPS casings of cathode ray tube (CRT) TVs and monitors. Additionally, POP-BDEs 
have been used to some extent in professional copying machines, (Japanese) air 
conditioning systems, hair dryers, and some other products with heating elements.4 
Specific parts of electronic products that are often flame retarded (but not necessarily 
with POP-BDEs) are wires and connectors, fans and printed wiring boards. 

In cars, POP-BDEs have been used (besides in car seats) in certain ornamental parts 
made of ABS. For most of the automotive plastics, the fire safety requirements in 
Europe are not very strict, and therefore most plastics are not flame retarded. Most car 
manufacturers follow the safety standard of the European New Car Assessment 
Program, Euro NCAP, which is stricter than the standard required by law.5 Many of the 
flame retarded plastics are found in the engine compartment (often polyamides).6 The 
firewall between the engine and the cabin is an important flame retarded part as well.7 

No details are known on specific brands of electronics or cars that used to apply POP-
BDEs. 

Some indirect clues were found in studies in the USA in which XRF was used to detect 
bromine in newly produced cars.8 In general, BFRs were found more often in American 
and Asian cars than in European cars, with the percentage of components which 
contained BFRs at 12%, 3% and 5% for Asian, European and North American cars, 
respectively.9 BFRs were detected in 40% of the vehicle interiors tested.10 

In Greenpeace’s Guide to Greener Electronics, many electronics companies were said to 
be on a path to eliminate BFRs from their products, and no clues are offered as to 

                                                
3  Personal communication, anonymous source from BFR industry 
4  Personal communication, anonymous source from BFR industry 
5  www.euroncap.com/home.aspx 
6  Personal communication, SABIC 
7  Personal communication, ARN 
8  These clues are indirect because XRF detects only the presence of bromine, and does not 

specify which brominated compounds are present. 
9  In each vehicle, 11 components were sampled using a portable, hand-held XRF device. The 

components sampled include: steering wheel, shift knob, arm rest/center console, 
dashboard, headliner, carpet, seat front, seat back, seat base, hard and soft door-trim. The 
percentages given reflect the average number of components containing bromine. 

10  “Model year 2011/2012 guide to new vehicles.” The Ecology Center - Michigan, USA 
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which companies were first to phase out POP-BDEs.11 It is clear that with the adoption 
of the EU RoHS Directive in 2003, the application of POP-BDEs in electronics came to a 
halt. 

POP-BDE use has been considerably higher in the USA than in Europe (Oakdene Hollins 
2010; ESWI 2011). POP-BDEs were produced in the Netherlands by ICL-IP until 199812

. 

Worldwide, two other companies have produced relevant volumes of POP-BDEs: 
Albemarle and Chemtura. A large plastics manufacturer in the Netherlands declared 
that they stopped using PBDEs in plastics in 2001/2002.

13
 

POP-BDEs in furniture and other plastic materials. Some studies published in the 
literature report that POP-BDEs have been used in furniture textiles. According to a 
main BFR producer however, only decabromodiphenyl ether (decaBDE) and 
hexabromocyclododecane (HBCD) have been used in furniture textiles, and not c-
OctaBDE or c-PentaBDE.  

Other (minor) applications that have been mentioned in literature are the use of c-
PentaBDE in polyvinyl chloride (PVC), epoxy resins, unsaturated polyesters, rubber, 
paints and hydraulic oils, which represent a total of around 5% of c-PentaBDE use (ESWI 
2011). For c-OctaBDE, other minor applications are its use in polybutylene 
terephthalate (PBT) and polyamides, representing (together with application in HIPS) a 
total of around 5% of c-OctaBDE use (ESWI 2011).  

Data on POP-BDE volumes used in the Netherlands are not available. 

3.1.2 Treatment of end-of-life plastics in the Dutch automotive sector  

The processing steps of plastics in end-of-life vehicles (ELVs) are shown schematically 
in Figure 3.1. Most of the processing of ELVs in the Netherlands is coordinated by the 
organization Auto Recycling Nederland (ARN). End-of-life treatment of plastics in the 
automotive sector starts at the several hundred car dismantling companies in the 
Netherlands.14 Most discarded cars end up at one of the official dismantling 
companies.15 No data is available on cars ending up in the unofficial circuit, but this 
could be around 10-15%. These cars are likely to end up in incinerators or car 
cemeteries in Eastern Europe or Asia.21  

After the official car dismantler has registered the car for dismantling16, the 
depollution phase starts.17 Hazardous substances and liquids such as the battery, 
brake fluids and fuels are removed.18 

                                                
11  “Guide to Greener Electronics” November 2012, Greenpeace 

http://www.greenpeace.org/international/en/campaigns/climate-change/cool-it/Campaign-
analysis/Guide-to-Greener-Electronics/ 

12  Personal communication, anonymous source from BFR industry/EFRA. 
13  Personal communication, SABIC 
14  In 2011, ARN had 247 Dutch car dismantling companies among its contract partners. 

http://www.arn.nl/noezp/duurzaamheidverslag2011/n12.htm 
15  Dismantling companies certified according to the quality system KZD, ‘KwaliteitsZorg 

Demontage‘ 
16  This registration is coordinated by the Dutch organisation RDW. RDW is a public service 

provider in the mobility chain, and its tasks include licensing of vehicles and vehicle parts, 
supervision and enforcement, registration, information provision and issuing documents. 

17  http://www.stiba.nl/sf.mcgi?195  
18  Also called C1-materials. 

http://www.greenpeace.org/international/en/campaigns/climate-change/cool-it/Campaign-analysis/Guide-to-Greener-Electronics/
http://www.greenpeace.org/international/en/campaigns/climate-change/cool-it/Campaign-analysis/Guide-to-Greener-Electronics/
http://www.arn.nl/noezp/duurzaamheidverslag2011/n12.htm
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Figure 3.1 Processing routes of plastics from end-of-life vehicles in the Netherlands. 

Material recycling and functional parts. In the next phase, functional parts are 
removed from the car. Dismantling companies with the dismantling quality system 
‘KZD’ 2 and 3 star certification should register and label each removed part with 
information on properties and origin of the part. These parts are sold as spare parts. 

In addition to removal of functional parts, other parts are removed for material 
recycling.19 ARN pays car dismantlers for the materials removed for recycling.20 The 
exact type of materials which are to be removed in this phase has changed in the last 
year since ARN opened its PST-installation. Currently, bumpers, hubcaps (in Dutch: 
wieldoppen, can be plastic or metal) and grilles are removed. Until recently, additional 
materials were removed: PUR, back lights (polymethyl methylacrylate, PMMA), seatbelts 
(polyamide, PA) and rubber.21 Discussions are still ongoing in this field, and it is 
possible that material removal practices will change again in the coming years.22 

                                                
19  Also called C6-materials. 
20  Budget for this comes from the ‘removal fee’ (verwijderingsbijdrage) which is charged on 

top of the car purchase price (€ 45 per car). 
21  Personal communication, STIBA. 
22  STIBA jaarverslag 2012. www.stiba.nl/sf.mcgi?1872 
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Shredding. The stripped car wreck, which consists mainly of metals, is subsequently 
sent to a shredder company. There are only three main shredder companies which 
treat the majority of Dutch stripped car wrecks (HKS, Van Dalen, Gerrits).21 Several 
smaller shredder companies exist in the Netherlands.23 After shredding of the car, the 
fragments are separated into ferro, non-ferro and automotive shredder residue (ASR).  

Post-shredder technology and energy recovery. Some of the ASR is subsequently 
treated at the ARN PST (post-shredder technology) installation. This fraction is likely to 
increase when the PST-installation operates at full capacity in the near future. A 
number of separation techniques are applied in this installation, including grinders, 
magnetic and eddy current separation, air and cyclone techniques and density 
separation using water baths.24 This results in around 15 separate streams, including 
fibers, minerals, iron, copper, aluminum and 3 plastic fractions. The three plastic 
fractions obtained have densities <1.1, between 1.1 and 1.3, and above 1.3 
tonnes/m3. 

The lighter plastic fraction is delivered to plastic recyclers for further purification and 
material recycling. Plastic fraction 1.1-1.3 is mainly used as reduction agent in blast 
furnaces or cement ovens.25 Of the heaviest fraction, a small part is material recycled, 
and a larger part is applied in cement ovens for energy recovery. The largest part of 
the heaviest plastic fraction is unsuitable for both recycling and energy recovery, 
mainly due to high PVC contents, and is landfilled.26 

The fiber fraction obtained in the PST installation is currently incinerated with energy 
recovery, but tests are currently performed on other uses of this fraction, such as 
application in the dewatering of sewage sludge.25 Another possible application is the 
incorporation of the fiber fraction in a composite material called Crusca, which can be 
used in the building sector.27 

Input material for the PST-installation originates mainly from the automotive sector, 
but also from certain WEEE flows, such as (shredded) Cooling and Freezing (C&F) 
equipment. ARN often receives mixed shredder residue (MSR), which is a mix of 
automotive and electronics shredder residue. 

Part of the ASR which is not treated in the ARN PST-installation is processed in the 
relatively small new Dutch PST-installation called Comirec.28 The rest of the ASR is sent 
to municipal incineration plants (MSWIs/ AVIs). Since 2009 the disposal of shredder 
residue on a landfill has been prohibited.29 The Dutch minimum standard for disposal 
of shredder residue is incineration. Exceptions exist for the fine shredder fraction, 
which can in some cases be landfilled.25 

3.1.3 Treatment of end-of-life plastics in the Dutch electronics sector  

Collection and sorting. Collection of waste electrical and electronic equipment (WEEE) 
in the Netherlands is coordinated by the foundation Wecycle. Wecycle compensates 
municipalities and retailers for the costs they incur collecting and handing WEEE, and 

                                                
23  In 2011, ARN had 14 Dutch shredder companies among its contract partners. 

http://www.arn.nl/noezp/duurzaamheidverslag2011/n12.htm 
24  http://www.arn.nl/ARN-Recycling/Proces 
25  Personal communication, ARN. 
26  ARN: “95 magazine”, issue 2, 2010. 
27  ARN duurzaamheidverslag 2012: ‘Samen werken aan duurzame relaties’ 

http://issuu.com/arnbv/docs/nederlands 
28  http://www.comirec.com/?id=1&lang=nl 
29  Landelijk Afvalbeheerplan 2, Sectorplan 27: shredderafval. 

http://www.arn.nl/noezp/duurzaamheidverslag2011/n12.htm
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arranges proper treatment by recycling companies.30 Wecycle does not have collection 
or recycling facilities of its own. Wecycle sends out tenders for WEEE processing, and 
evaluate companies as much on sustainability criteria (e.g. percentage recycling and 
recovery achieved) as on price.33 

WEEE can be discarded by consumers at local municipal collection points (in Dutch: 
milieustraten) or at shops participating in the Wecycle program. In total there are 
around 8500 locations where Dutch consumers can hand in their WEEE.31 

From the collection points, WEEE is brought to one of the eight regional sorting 
stations (Regionaal Sorteercentrum, RSC)32, where it is manually divided into the 
following four categories: 

1. Cooling & Freezing (C&F fraction) 
2. Large Household appliances (groot witgoed) 
3. Small Household appliances (SHA, Kleine Elektrische en ICT- apparaten, KEI) 
4. TVs + monitors (in the future, this fraction will probably be separated into tubes 

(CRT) and flat panel displays (FPD) 
 

This division has been changed in 2013: until 2013 categories 3 and 4 were composed 
differently, with two categories consisting of TVs and OWEB (other white and brown 
goods) - both flows organized by Wecycle - and another category of monitors and ICT 
together (organized by ICT-Milieu).33, 34 

Transport to recycling companies. WEEE categories are transported from the RSC to 
recycling companies. Only a few companies are involved in WEEE processing. The 
Dutch processors contracted by Wecycle are Coolrec35 and Sims Recycling Solutions36, 
which process several WEEE categories, and HKS, which processes mainly large 
household appliances. Wecycle sends smaller amounts of WEEE abroad, e.g. Cooling 
and Freezing equipment to Alba/Enviprotect37, 38, and SHA to Remondis39. Part of the 
TV and SHA fractions is treated by Stena (Germany).40 Smaller Dutch WEEE recycling 
companies (not contracted by Wecycle) are Recydur41 and the Jacomij Group.42 

Recycling companies also receive WEEE directly from companies, such as ICT firms, 
banks or government institutes.43 This can be post-consumer or post-production 
waste, i.e. used equipment or unused products that were never sold. This is a 
considerable WEEE flow, which is not part of the Wecycle system.  

  

                                                
30  Municipalities received €  81 / tonne WEEE from Wecycle in 2011. 
31  www.wecycle.nl/subsites/jaarsite2011/pages/systeem.html 
32  Exact number and location of these centers can vary due to changing commercial contracts 

for WEEE transport and sorting, which generally have a duration of 2 years. 
33  Personal communication, Wecycle. 
34  Since January 2013, ICT Milieu has asked Wecycle to organize the collection and recycling of 

discarded ICT.  
35  Daughter company of the Van Gansewinkel Group. www.coolrec.nl 
36  The Dutch branch of Sims Recycling Solutions also uses the company name MIREC. 

http://simsrecycling.nl/ 
37  www.alba.info/ALBA_en/index.php 
38  www.enviprotect.de 
39  www.remondis.nl/nl/ar/profiel/ 
40  http://stenatechnoworld.com/de/Kontakt/ 
41  www.recydur.nl/html/home.html 
42  http://group.jacomij.nl/nl/recycling-elektronica 
43  Personal communication, Sims Recycling Solutions. 

http://www.wecycle.nl/subsites/jaarsite2011/pages/systeem.html
http://www.alba.info/ALBA_en/index.php
http://www.enviprotect.de/
http://www.remondis.nl/nl/ar/profiel/
http://stenatechnoworld.com/de/Kontakt/
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WEEE that is likely not recycled. Part of the WEEE arising in the Netherlands is not 
collected separately and will end up in municipal waste, and subsequently in a 
municipal solid waste incineration plant (MSWI). Another part of the WEEE (mixed with 
still functioning electronic equipment) is exported to Asia or Africa, where it will end 
up on a landfill, or will be recycled (generally only the metals are recovered, sometimes 
under substandard working conditions).  

The scheme in Figure 3.2 shows the processing steps of plastics in WEEE for the 
Netherlands. 

 

Figure 3.2  Processing routes of plastics from WEEE in the Netherlands.*: separation 
techniques, and therefore separated fractions, differ per recycling 
company.  

Plastic fractions of Coolrec are further treated at the company PHB.44 Processing 
methods consist of a shredder step, followed by separation based on density, as well 
as air and shake techniques. PHB delivers the (hard) plastic material fractions PP, HDPE, 
PS and ABS. PP and PE will end up together in one fraction if they are present as a mix 
                                                
44  www.phb-recycling.com/ 
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in the input material. PHB processes plastics not only from Coolrec, but also from the 
packaging and automotive sector (e.g. processing of bumpers). 

The regrinds produced by PHB are sometimes directly used in new products (e.g. 
transport pallets produced from the PP/PE fractions). Other regrinds are delivered to 
compounders/ recyclers (e.g. Galloo), which further purify the material and turn it into 
pure pellets or products. The regrinds generally still have the status of waste. After the 
compounding step, the material ceases to be waste.  

At Sims Recycling Solutions, incoming WEEE is manually checked, depolluted and fed 
into the shredder (often post-consumer WEEE), or manually dismantled first (often 
business-to-business WEEE). Manual dismantling can be performed to separate specific 
precious metal parts which will go to material recycling, and only rarely leads to actual 
re-use of functional electronic parts.45 

A separate shredder line is devoted to CRT TVs and monitors, which was installed in 
order to separate the glass from these devices. Plastics from CRT TVs and monitors 
from this shredder are packed in bales and delivered to compounders. In the metal 
fraction, significant amounts of other materials (such as plastics) remain, and this 
fraction is therefore added to the SHA flow for further shredding and separation of 
materials. 

The SHA flow (combined with the metal fraction from the CRT TVs and monitors line) is 
shredded, and then metals are separated out using several separation techniques. The 
plastic fraction is subsequently separated into an ABS/PS fraction and other plastics, 
using infrared (IR) detection. The IR technique only detects light coloured plastics, and 
therefore darker coloured ABS/PS will still end up in the other plastics fraction. The 
separated ABS/PS stream is relatively small, but has a relatively high value per kg. As a 
final step, wood is manually removed from the plastic fractions (originating e.g. from 
old TVs or speakers). This is important when the fractions are to be exported to e.g. 
Asia, where non-wood declarations are sometimes required. 

Sims Recycling Solutions does not use density-based separation methods, and 
therefore does not specifically separate BFR-containing plastics. Based on product 
knowledge, WEEE categories which may contain BFRs (e.g. CRT TVs) are processed on 
separate treatment lines, resulting in separate plastics batches. These batches are 
delivered to compounders, who usually apply the plastics as a 10% addition to 90% 
virgin material.46 It is not known in which products these plastics are subsequently 
used. Some of the compounders are situated in the Netherlands, and producers 
applying the plastics into products are mostly situated in Asia.  

Printed wiring boards, which often contain the BFR tetrabromobisphenol-A (TBBP-A), 
will end up in the metal fraction, and therefore not in the plastic recycling stream.  

Sims Recycling Solutions also has a separate treatment line for processing flat panel 
displays (FPDs) (in order to safely remove mercury) and a separate line for toner 
cartridges (with specific safety measures due to explosion risks).  

3.1.4 New products from recycled plastics which may contain POP-BDEs  

Production of new products from plastics recycled from WEEE or automotive plastics 
does not take place in the Netherlands.47 Due to the necessary scale of the needed 

                                                
45  Personal communication, Sims Recycling Solutions. 
46  Personal communication, Sims Recycling Solutions. 
47  None of the interviewed stakeholders could mention a Dutch company in this field, nor were 

any indications found in literature. 
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installations, only a few companies in Europe produce recycled products from those 
types of plastics.48 Companies in Europe which receive WEEE and automotive plastics 
from the Netherlands are Galloo (Belgium, France)49 and MBA Polymers (Austria, UK).50 

Galloo is one of the companies receiving regrinds from Dutch WEEE-recyclers as well as 
plastic fractions from ARN’s PST-installation. Galloo also has its own PST-installation 
which processes automotive shredder residue (ASR), as well as facilities for WEEE 
dismantling. 

At Galloo, plastics are again separated with density techniques, and heavy plastic 
fractions are sent to incineration with energy recovery.51 The heaviest fraction with 
d>1.25 is not sent to incineration due to the high chlorine/PVC content. This fraction 
is landfilled.52 

The lighter plastic fractions are separated into five fractions of ~90% purity: PP, PE, PS, 
ABS, and PP talk (PP with a high content of filler material). These purified fractions are 
extruded into pellets by Galloo.55 Galloo’s recycled PE is used for e.g. pipes and 
pallets.53  

Recycled PP pellets are delivered to (e.g.) producers of non-aesthetic car parts, which 
subsequently deliver finished parts to Renault, Citroen, VW and other car brands.54,55 
Recycled PS pellets are used for flower pots, coat pegs (kapstok), furniture and 
electronic products (e.g. Electrolux).55 Also clothes hangers and CD boxes have been 
mentioned as applications for recycled PS.53 Recycled ABS is used in e.g. household 
appliances, printers (e.g. HP) and car parts.54 The recycled pellets produced by Galloo 
can be used in pure form, and need not be mixed with virgin plastics.55 PUR is not 
recycled as material at Galloo, but ends up in the light RDF fraction, along with e.g. 
textile fragments, and is sent to incineration with energy recovery. 

MBA Polymers sells its recycled plastic pellets to diverse customers, such as 
manufacturers of IT, electronics, appliances, automobiles, office, home and garden 
products.56 

As a part of the separated plastic parts/fragments from WEEE are exported to Asia, 
there is no way to find out exactly in which recycled products these plastics may end 
up. It is possible that some of these plastics end up in products in which BFRs have 
been reported to be present unintentionally, such as children’s toys, household 
products, video tapes and low-cost electronic goods (Retegan et al. 2010; SSC 2012; 
Hirai and Sakai 2007; Chen et al. 2009; Chen et al. 2010; Stapleton et al. 2011). 

Indications of the use of recycled plastics by electronics manufacturers can be found in 
Greenpeace’s ‘Guide to greener electronics’ (Greenpeace 2012). According to this 
report, many companies use recycled plastics to some extent (both post-consumer and 
post-industrial). Recycled plastics percentages are only rarely above 10%, but specific 

                                                
48  Personal communication, Jaco Huisman, TU Delft. 
49  www.galloo.com 
50  http://www.mbapolymers.com/home/ 
51  This fraction is also called ‘heavy RDF’ (refuse derived fuel) 
52  Personal communication, Galloo 
53  ARN: “95 magazine”, issue 2, 2010. 
54  As an example, the Renault Scénic contains recycled plastic parts in the battery and its 

cover, in a roof strengthening plate, deflectors, crankcase protection plate, drawers under 
the backseat, wheel housing cover, back light clusters and various strengthening parts, floor 
sound insulation, and fabric of the car seat and trunk. (source: ARN - “95 magazine”, issue 2, 
2010) 

55  Personal communication, Galloo. 
56  www.mbapolymers.com/home/more-sustainable-in-every-sense 
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products can contain higher percentages. The highest percentages reported are the 
Philips SENSEO Viva Café Eco, which is made from 50% recycled plastics, and the 
Lenovo M82 Tower desktop which contains 42% recycled plastics. These high values 
are exceptions. Plastics containing more than 50% of post-consumer recycled materials 
are currently being evaluated (e.g. by Acer), but are not yet applied.  

3.1.5 Existing data on POP-BDEs in waste streams 

Stakeholders in the Dutch WEEE and automotive waste treatment chain do not analyze 
POP-BDEs on a regular basis, but some companies have recently performed analyses on 
a project basis.57 The following three analytical techniques are available for detecting 
POP-BDEs in materials. 

X-ray fluorescence. X-ray fluorescence (XRF) is an analytical technique which can 
detect whether brominated compounds are present in plastics, but cannot determine 
whether these compounds are POP-BDEs, as it cannot identify individual substances. 
XRF is available in the labs of several stakeholders (e.g. ARN and Coolrec). Routine 
analyses of recyclates are however mainly focused on metal compositions (using e.g. 
ICP-MS),58 and plastics are only characterized on polymer type and tested on 
mechanical properties.59, 60 XRF analyses are therefore not routinely performed on each 
batch. 

Practical limitations of XRF are that it does not have high sensitivity or selectivity 
(detection of elements, but not specific compounds), is not effectively applicable on 
industrial scale, and that it does not function well with darker plastics, which is often 
the case with WEEE.61  

Sliding spark spectroscopy. Sliding spark spectroscopy is a technique for plastic 
characterization described in literature, which is also commercially available.62,63,64 In 
this technique sparks are generated and used for thermal vaporization of a small 
amount of sample surface. The material components in the spark plasma are atomized 
and activated to emit UV radiation along characteristic emission lines. According to 
one of the users of this technique, the method is difficult to standardize, and at the 
moment not very suitable for application in recycling companies.65 

Gas chromatography with mass spectrometry detection (GC-MS). GC-MS analysis is 
the preferred technique for determining actual concentrations of POP-BDEs in plastics 
samples, which can be done with very high selectivity and very low detection limits. It 
is however not applicable as efficient screening technique on an industrial scale. 

Existing data on POP-BDE in Dutch plastic waste.  
In 2012, a Dutch WEEE recycling company performed an extensive sampling campaign 
on many tonnes of shredded WEEE over several months, which resulted in 
representative samples of the different plastic flows produced by the installation. A 

                                                
57  E.g. in collaboration projects of the European Electronics Recyclers Organisation (EERA). 
58  Inductively coupled plasma mass spectrometry is an analytical technique mostly used for 

analysis of metals, but it can also be used for the detection of bromine. 
59  Personal communication, Sims Recycling Solutions. 
60  Personal communication, Galloo. 
61  Personal communication, Coolrec. 
62  Golloch, A.; Siegmund, D. (1997): Sliding spark spectroscopy – rapid survey analysis of flame 

retardants and other additives in polymers. Fresenius J Anal Chem 358 : 804–811. 
63  http://www.vm-vision.eu/gut_nl.htm 
64  http://www.iosys-seidel.de/en/sss3.html 
65  Personal communication, anonymous source from BFR industry. 
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series of brominated flame retardants were analyzed in these samples using GC-MS.66 
The POP-BDE results are summarized in Table 3.1.  

Tetra- and PentaBDE were not detected in those samples, which was expected as those 
BDEs were mainly used in the automotive sector. The sum of tetra- to heptaBDE in the 
plastic samples ranged from <LOD in a CRT TV sample to 397 µg/g in an OWEB 
sample. In all samples, concentrations of individual BDEs are below the concentration 
limits that have been proposed within the EU POP Regulation discussions.67 

In all samples, decaBDE levels were considerably higher than the sum of POP-BDEs. In 
most samples, tetrabromobisphenol A (TBBPA) was present at the highest levels (not 
shown in Table 3.1). The maximum total PBDE concentration found was 3100 µg/g. 
The samples of LCD screens and toner cartridges showed the lowest PBDE 
concentrations. 

An interesting finding is that plastics from CRT TVs and monitors showed significantly 
lower POP-BDE levels than plastics from OWEB. DecaBDE levels were somewhat higher 
in CRT TVs and monitors than in the OWEB plastics. The sample of the ABS/PS fraction 
does not show higher levels of BDEs than the other plastics. Therefore, these analyses 
are different from the other studies that found POP-BDEs to be used mainly in CRT TVs 
and monitors and in ABS and PS. The discrepancy may point to the importance of 
sample selection and a certain level of detail in the description of samples analysed. 

Table 3.1  BDE analysis reported by Dutch WEEE recycling company 1 in 2012 on 
shredded plastic fractions at their facility, representatively collected from 
many tonnes of WEEE over several months.68 

 
Concentrations, µg/g Sum 

POP-
BDEs 

Sum 
all 
PBDEs 

Sum 
organic 
bromine  

Tetra
-BDE 

Penta
-BDE 

Hexa-
BDE 

Hepta
-BDE 

Octa
-BDE 

Nona
-BDE 

Deca-
BDE 

CRT monitors <2 <2 8.6 52 35 85 1700 61 1881 4130 

CRT TVs <2 <2 <2 <2 <2 <2 3100 <LOD 3100 6550 

CRT TVs + monitors <2 <2 24 120 83 75 1120 144 1422 2600 

Mixed plastics 
OWEB 

<2 <2 57 340 350 210 1700 397 2657 5100 

White ABS/PS OWEB <2 <2 65 290 350 150 880 355 1735 12,800 

OWEB plastics <2 <2 61 260 280 140 1700 321 2441 6100 

OWEB+ICT <2 <2 34 150 130 55 610 184 979 1700 

ICT <2 <2 53 270 220 80 120 323 743 2300 

LCD-TVs <2 <2 <2 0.71 <2 3.8 210 1 215 1200 

LCD/TFT monitors <2 <2 <2 1.8 0.83 <2 14 2 17 550 

Toner cartridges <2 <2 <2 2.2 <2 <2 110 2 112 3100 

 

  

                                                
66  Internal report, WEEE recycling company 1 (2012) 
67  A proposal has been done by the European Commission for concentration limits of 1000 

µg/g for heptaBDE and 200 µg/g per congener for tetraBDE, pentaBDE and hexaBDE. These 
proposals have not yet been officially set.  

68  Internal report WEEE recycling company 1 (2012) 
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Existing data on POP-BDE in plastics in other countries. A study on RoHS 
substances69 in WEEE was commissioned by the WEEE forum in 2010, in which samples 
were taken at WEEE recyclers from several European countries, with each sample 
representing several tonnes of WEEE (Wäger et al. 2010).70 PentaBDE was found above 
the LOD of 50 µg/g in only 4 out of 53 samples with a maximum concentration of 140 
µg/g in a sample of ‘small appliances without CRT- and flatscreens’. OctaBDE was 
found in relevant concentrations (but below 1000 µg/g) only in ABS in ‘Small 
appliances without CRT- and flat screens’, ‘ICT equipment without CRT- and flat 
screens’, ‘Consumer equipment without CRT- and flat screens’ and in ‘CRT TVs’. 
OctaBDE levels below but near 1000 µg/g were found only in ABS in ‘ICT and consumer 
equipment without CRT and flat screens’. Concentrations above 1000 µg/g were found 
only in ABS in ‘CRT monitors’, with a maximum concentration of 10,600 µg/g. 
DecaBDE was found in most WEEE types in ABS, HIPS and sometimes PP, with a 
maximum concentration of 7800 µg/g.  

 
Relatively high PBDE levels were found in WEEE samples in the UK (Peacock et al. 
2012). Samples were analyzed from shredded material collected from specific WEEE 
categories, representing at least 100 units per sample. The average concentrations 
found are shown in Table 3.2. The concentration range of POP-BDEs was <1-36,500 
µg/g, and concentrations were generally below 5000 µg/g. Highest concentrations 
were observed in TVs, IT equipment and printed circuit boards. For all WEEE categories 
analyzed, decaBDE levels were considerably higher than POP-BDE levels. 

Table 3.2  Average concentrations of POP-BDEs and total BDEs in shredded WEEE 
samples in the UK (Peacock et al. 2012). 

Samples Average total POP-BDE (µg/g) Average total PBDE (µg/g) 

TVs 5746 90,777 

Industrial IT equipment 4610 29,073 

Printed circuit boards 4473 26,493 

Digiboxes 858 5,825 

Large household appliances 512 1,951 

Small household appliances 57 847 

Fridges 39 182 

PC monitors 14 12,353 

 
In a recent study on the occurrence of polybrominated diphenyl ethers (PBDEs) in 
individual household products in South China, the congeners from c-PentaBDE were 
found at low levels (<0.11 µg/g) (Chen 2010). Congeners from c-OctaBDE and c-
DecaBDE were found at higher levels, with maximum concentrations of 15 and 1603 
µg/g, respectively. 

As shown in Table 3.3, PBDEs were detected in all the television and monitor casing 
samples, usually at low concentrations. PBDE concentrations in computer components 
were higher than in monitor and television casings. PBDEs were detected in four out of 
the five samples of car plastic interiors and seat PUF and coating. In the raw materials 
(primarily recycled ABS, HIPS, PP and PBT), PBDEs derived from c-PentaBDE, c-OctaBDE, 
and c-DecaBDE were detected in 27%, 91%, and 82% of the samples, and their 

                                                
69  Substances restricted by the European Union Directive on the restriction of the use of certain 

hazardous substances in electrical and electronic equipment (RoHS Directive). 
70  Samples collected were a mixture of plastic types varying from single product type samples 

(e.g. ‘CRT monitors’) and WEEE category samples to mixed WEEE category samples. 
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concentration ranges were 0.04-251, 0.2-1336, and 0.8-677 µg/g, respectively. In 
most samples, decaBDE was present at considerably higher concentrations than the 
other congeners. 

Table 3.3  PBDE levels found in products in South China (Chen et al. 2010) 

Sample type Analyte 
Concentrations (µg/g) Detection 

frequency (%) Min Max Mean 

Television casing Total PBDE 0.107 66.5 12.1 100 

decaBDE <LOD 45.7 8.0 83 

Computer display 
casing 

Total PBDE 0.01 13.3 3.3 100 

decaBDE <LOD 6.1 1.5 25 

Computer 
component 

Total PBDE <LOD 1607 280 75 

decaBDE <LOD 1513 254 75 

Car interior Total PBDE <LOD 34.6 8.7 80 

decaBDE <LOD 32.6 8.0 60 

Raw material Total PBDE 3.3 1592 333 91 

decaBDE <LOD 677 109 82 

 
A study on PBDE levels in Californian waste streams reported higher concentrations in 
WEEE samples ranging from low µg/g to percent levels (Petreas and Oros 2009). The 
average total PBDE level across all WEEE products was 2400 µg/g. As shown in Table 
3.4 the highest levels were found in video cassette recorders (VCRs).71 

Table 3.4  PBDE levels found in products in California (Petreas and Oros 2009) 

Sample type Analyte Mean concentration (µg/g) 

VCRs Total PBDE 10,200 

decaBDE 9,350 

Telephones Total PBDE 3,050 

decaBDE 1,300 

Radios Total PBDE 1,300 

decaBDE 190 

Computers Total PBDE 1,100 

decaBDE 640 

Microwaves Total PBDE 480 

decaBDE 4 

Printers Total PBDE 440 

 decaBDE 200 

Cell phones Total PBDE 15 

 decaBDE 15 

Auto shredder waste Total PBDE 50 

 decaBDE 44 

Sewage sludge Total PBDE 2.6 

 decaBDE 0.9 

 
Concentrations and congener profiles strongly varied over WEEE types: in microwave 
ovens and radios, decaBDE accounted for 10% and 33% of total PBDEs, respectively, 
while decaBDE represented ~50% of total PBDEs in cell phones, and 67–78% in 
computers, printers, VCRs and phones.  
                                                
71  VCR = video cassette recorder 
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Average total PBDE levels of 50 µg/g were measured in automotive shredder waste 
samples, with a congener profile dominated by decaBDE (71–100% of total PBDEs). In 
terms of both concentrations and total amounts of PBDE, WEEE was found to be by far 
the most relevant waste stream with 1200 tonnes of PBDEs per year, followed by 
autoshredder waste (31 tonnes of PBDEs per year) and sewage sludge (2.3 tonnes of 
PBDEs per year).  

With the estimated use of PBDEs in California, a (very rough) mass balance was 
constructed, which indicated that about half of the PBDEs could not be accounted for 
in the waste streams examined. This suggested that other waste streams, such as 
household wastes, might also be relevant concerning End-of-Life PBDE routes. 

In a Swiss study, samples of ‘small WEEE’ (SHA, TVs, monitors and ICT) were analyzed 
for BFRs (Morf et al. 2005). Results are summarized in Table 3.5. Interestingly, 
octaBDEs are found to be somewhat higher than decaBDE in these samples. 

In a Chinese WEEE recycling facility, PBDE levels in five electronic shredder residue 
samples encompassed a range of 1.0-163 µg/g, with an average of 45.5 µg/g (Ma et 
al. 2009). The contribution of decaBDE was relatively low in these samples, with an 
average of 3.3 µg/g and a range of 0.98-6.4 µg/g. 

In a report on BDE analyses in recycled plastic pellets in India, five out of ten samples 
contained detectable amounts of BDEs (Sinha et al. 2011). Three samples contained 
only decaBDE, and in two samples, hepta-, octa-, nona- and decaBDE were found. 
Concentration ranges in the samples that tested positive for BDEs were: heptaBDE 358 
µg/g, octaBDE 33-4574 µg/g, nonaBDE 28-1515 µg/g and decaBDE 140 µg/g to 39602 
µg/g.  

Table 3.5  BDE levels found in WEEE in Switzerland (Morf et al. 2005) 

Sample type 
Commercial 
product 

Mean concentrations 
(µg/g) 

Small WEEE 

pentaBDE 34 

octaBDE 530 

decaBDE 510 

Plastic fraction of small WEEE 

pentaBDE 125 

octaBDE 2,000 

decaBDE 1,800 

TV/PC housing (plastic) 

pentaBDE 50 

octaBDE 7,500 

decaBDE 4,800 

TV housing rear covers 

pentaBDE 50 

octaBDE 7,700 

decaBDE 13,000 

 
Schlummer et al. (2007) reported BDE analyses in WEEE samples, in which octaBDE and 
decaBDE were both detected above 0.1% in 2 out of 15 samples of single TV or 
monitor housings. XRF measurements showed that BFR were only present in ABS and 
HIPS plastics. ABS/PC and PPO/PS did not contain BFR but exhibited partly elevated 
phosphor levels, indicating the presence of phosphor-based FRs. Samples of 
TV/monitor housing shredder residues were analyzed as well, and showed 
concentration ranges of <400-14000 µg/g for octaBDE and <400-21000 µg/g for 
decaBDE. In samples of mixed WEEE shredder residues, concentration ranges were 
found of <400-4400 µg/g for octaBDE and <400-3100 µg/g for decaBDE. 
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In a Greenpeace study on the occurrence of chemicals in computers, BDEs were found 
in 1 out of 15 laptop computers (with a LOD of 0.5 µg/g): nonaBDE was found at 1.9 
µg/g and decaBDE at 12 µg/g. These concentrations are far lower than those needed 
for effective flame retardancy. It is therefore likely they were not added intentionally, 
but are a remnant from recycled plastics (Brigden et al. 2007). 

Several scientific studies are available on the composition, possible treatment methods 
and recycling options of automotive shredder residue (Van Caneghem et al. 2010, 
2012; Vermeulen et al. 2011). Only one study has been found in which BDE levels in 
ASR are reported (Sakai et al. 2007). In three ASR samples, total BDE levels of 110, 240 
and 310 µg/g were reported. DecaBDE was the main congener in these samples, and 
the levels were lower than those in WEEE samples (TV sets) previously analyzed by the 
same research group. 

A Defra report gives estimations of POP-BDE concentrations in waste streams, based on 
historical use data (Oakdene Hollins 2010). An estimated range for pentaBDE in ASR of 
150-240 µg/g was given. Estimations were also made for pentaBDE in PUR foam from 
furniture, with an estimated range of 42-79 µg/g, and octaBDE in TV and monitor 
housings with an estimated range of 20,300-25,000 µg/g. These numbers were not 
based on actual analyses of BDEs in waste streams performed by Defra, but were 
estimated based on a publication by Prevedouros et al. (2004). 

Similar estimations based on historical use were done by ESWI (2011). Estimated 
concentrations were 371 µg/g c-PentaBDE in the shredder light fraction of ASR, 
originating from automotive PUR foam, 18 µg/g c-PentaBDE in upholstery waste, and 
1230 µg/g c-OctaBDE in WEEE categories 3 (ICT) and 4 (consumer equipment) (ESWI 
2011). No actual measured BDE data was used to arrive at these numbers. 

Lack of standardization in POP-BDE waste stream data collection. It is hard to 
summarize or generalize the current body of data on POP-BDEs in waste streams. An 
important aspect which differs between studies is the types of samples studied, from 
the analysis of single products to shredded WEEE products and specific plastic 
fractions from WEEE streams, sampled per batch or over several months. Concentration 
data are sometimes expressed as total BDE concentrations, sometimes as c-PentaBDE 
or c-OctaBDE, and sometimes per specific BDE congener. These aspects contribute to 
the variations in concentration data reported. Regional differences due to the 
(historical) use of POP-BDEs can lead to even larger differences between studies. 

Many (but not all) studies report POP-BDE concentrations to be generally lower than 
decaBDE and TBBPA levels. In samples from shredder material (the average of many 
individual products) POP-BDE levels are generally found up to several 100 µg/g. In 
samples from single products, the concentration ranges are obviously larger, with 
levels occasionally above 10,000, but also often <LOD. Total amounts as well as 
concentrations of POP-BDEs are generally higher in WEEE than in automotive samples. 

3.1.6 Options for separating POP-BDE containing waste 

Some recycling companies perform a first separation of WEEE on the basis of 
knowledge about the substances that were historically used in specific electronic 
products, and based on previous experience with the treatment of specific WEEE types. 
This can be done in collaboration with FR producers, who often have the most detailed 
knowledge on specific FR applications in products. In this way, WEEE is separated into 
‘high risk’ batches that possibly contain POP-BDEs and ‘low risk’ WEEE batches.72 This 

                                                
72  In this context, ‘risk’ means simply the likelihood that POP-BDEs are present. 
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preselection has the advantage that less analyses are needed to be able to treat WEEE 
in accordance with the WEEE-Directive. 

Physical separation based on plastic density using water baths is currently the 
standard method for separating plastics possibly containing POP-BDEs from other 
plastics. This method is not ideal, as a higher plastic density can be caused by other 
additives as well (e.g. zinc based flame retardants), and plastic blends can have a 
relatively broad density range. Plastics with higher densities are also the plastics with 
relatively high value, and eliminating these plastics from the recycling flow is an 
economic disadvantage for recycling companies. 

Figure 3.3 shows density ranges of several pure polymers, plastic blends and flame 
retarded plastics. PC/ABS with phosphor-based-FR (e.g. RDP, BDP) has an average 
density of d=1.17, which is very close to ABS+BFR (d=1.19), and due to this density 
overlap they cannot be separated (Menad et al. 2013). There is also some overlap with 
non-flame retarded PC-ABS (d=1.12). Pure ABS, HIPS and PS (all d=1.06) can be fully 
separated from flame retarded ABS and PS. To illustrate that these density ranges are 
not fully defined, Figure 3.3 also shows plastic density ranges which slightly deviate 
from those reported by Menad et al. with e.g. broader density ranges for ABS and HIPS 
(Andrady 2003).  

 

Figure 3.3.  Density ranges for several pure polymers, plastic blends and flame 
retarded plastics. Data sources Menad et al. (2013) (above horizontal 
dotted line) and Andrady (2003) (below line). 

In a recent publication, a recommendation was made for future separation systems for 
WEEE plastics, which involves a combination of colour sorting, density separation and 
XRF to obtain high quality plastic fractions (Menad et al. 2013). For sorting with XRF, 
they propose to combine bromine and antimony detection, as these are often used in 
combination in flame retardant systems.  

A protocol for (manual) application of XRF in WEEE processing was developed by 
Peacock et al. (2012). Their method provides a limit of detection for total bromine of 
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circa 5-10 µg/g, corresponding to a detection limit for a brominated compound 
containing 50% bromine (i.e. pentaBDEs) of 10-20 µg/g. 

Incorporation of XRF into the automated WEEE separation systems currently applied in 
the Netherlands would be possible, although practically challenging.73 Detection limits 
would be modest, estimated at 5000 mg 0.5% bromine per kg, and WEEE treatment 
would become more expensive. 

Methods in which flame retardants are actually separated from the plastics have been 
reported in literature, but these do not seem to be applicable on an industrial scale 
yet. They are not currently implemented by Dutch WEEE recyclers (Retegan et al. 2010). 

3.1.7 Waste amounts in the automotive sector 

The average weight of a car in 2011 was 1000 kg (this value has been slowly 
decreasing in recent years). The average age of a dismantled car in 2011 was 16.7 
years.74 This value is slowly increasing over the years. (BOVAG – RAI 2013). 

A literature value on the average fraction of plastics in an ELV (End of Life Vehicle) is 
7.0–9.3% of total mass (range derived from 5 different studies, as mentioned in 
Vermeulen et al. (2011)). This corresponds to a range of 70-93 kg of plastics per car. 
Auto Recycling Nederland (ARN) is the organization that coordinates the processing of 
discarded cars in the Netherlands. This organization keeps track of the amount of cars 
dismantled in the Netherlands, and they provided the data for the current study on 
total flows as well as the amounts of materials ending up in different waste fractions. 

Of all cars registered as car wrecks in the Netherlands, over 80% are processed via the 
ARN network. The other cars are treated by dismantlers not connected to ARN. Table 
3.6 shows the registered and processed car wrecks in recent years.75 Almost identical 
numbers are reported by BOVAG-RAI.76 That publication also reports the number of 
cars annually exported from the Netherlands: 337,000 in 2011.77  

Table 3.6  Registered and processed car wrecks per year in the Netherlands.75 

 2012 2011 2010 2009 2008 2007 Unit 

Registered car 
wrecks78  

237,255 249,607 249,008 263,572 209,427 214,085 cars  

Processed within 
ARN network  

196,272 206,150 215,975 228,783 178,450 184,038 cars  

Contribution of ARN  82.7% 82.6% 86.7% 86.8% 85.2% 86.0% %  

 
Plastics can end up at a plastics recycler via two routes for plastic recycling (see Figure 
3.1, paragraph 3.1.2). The first route is through the plastics removed by car 
dismantlers and the second through separation from the automotive shredder residue 
in the PST-installation.  

  

                                                
73  Personal communication, Sims Recycling Solutions. 
74  This means the average dismantled car was produced in 1996. The average car produced in 

that year had a weight of 1000 kg. Average car weights were at a maximum of 1130 kg in 
2004, after which weights started to decline (RAI – BOVAG, 2013).  

75  Data provided by ARN. 
76  BOVAG and RAI both participate in the ARN Foundation. 
77  Export of cars in 2010: 250,245; 2009: 229,557; 2008: 259,275. 
78  This registration is coordinated by the Dutch organisation RDW. 
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Table 3.7 gives the amounts of plastics which are removed by car dismantlers and 
collected by ARN.79 ARN delivers these plastics to recyclers. Recyclers further process 
and sort these plastics. Part of the plastics are actually recycled to plastic pellets, and 
part is applied as reduction agent in blast ovens, where it is incinerated with energy 
recovery. 

A fraction of the plastics has a destination labelled as ‘removal’. Most of this fraction 
will end up in incineration, as the disposal of shredder residue on a landfill is 
prohibited. 80 However, some exceptions exist for the fine shredder fraction, which can 
in some cases be landfilled. 

Table 3.7 shows a strong decrease in plastics collected by dismantlers from 2011 to 
2012. This is explained by a change in plastic collection procedures: in 2012 the PST-
installation became operative. From then on, a larger fraction of plastics was left in the 
car wrecks by dismantlers, as these plastics are to be removed from the automotive 
shredder residue (ASR) in the PST-installation.  

Table 3.7  Plastics removed by car dismantlers and collected by ARN in the 
Netherlands.75 

  2012 2011 2010 2009 2008 2007 Unit 

Destined for recycling  1015 2064 2638 2543 2161 2498 tonne  

Destined for energy recovery  151 948 1732 1612 1404 1217 tonne  

Destined for ‘removal’ (mainly 
incineration)  

125 128 178 113 92 141 tonne 

Total 1291 3140 4548 4267 3657 3856 tonne 

Average kg plastics separated by 
dismantlers/car 

6.6 15.2 21.1 18.7 20.5 21.0 kg 

Average kg plastics sent to 
material recycling by 
dismantlers/car 

5.2 10.0 12.2 11.1 12.1 13.6 kg 

 
Table 3.8 lists the amounts of plastics recovered from ASR in the PST installation in 
2012. Energy recovery for plastics from fraction B is done by application in blast 
furnaces. For energy recovery of plastics from fraction C, the material is used by the 
cement industry. The total amount of shredder residue treated in the PST-installation 
was 8371 tonnes in 2012.  

The total amount of ASR per car wreck is on average 170 kg.81 With a total number of 
cars processed within the ARN system of 196272, the total amount of ASR within the 
ARN system is 33.4 ktonne. This means that in 2012, the PST-installation processed 
25% of the ASR within the ARN system.82 It should be noted that 2012 was the first 
operational year for the PST-installation, and processing capacity is likely to increase in 
the coming years.  

Some of the remaining ASR is processed by the PST-installation of Comirec, and the 
remaining ASR is incinerated at an MSWI. 

  

                                                
79  Currently, these materials consist of bumpers, hubcaps (in Dutch: wieldoppen, can be plastic 

or metal) and grilles. Until recently, PUR, back lights (PMMA), seatbelts (PA) and rubber were 
also included in this stream. 

80  Landelijk Afvalbeheerplan 2, Sectorplan 27: shredderafval. 
81  ARN Milieujaarverslag. 
82  This corresponds to 8371 / 33,366 tonnes. 
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Table 3.8  Plastics separated from automotive shredder residue (ASR) in ARN’s post 
shredder technology (PST) installation in the Netherlands in 2012.  

 
Plastic fraction 

A (d<1.1) 

Plastic 
fraction B 

(1.1<d<1.3) 

Plastic 
fraction C 

(d>1.3) 
Unit 

Destined for recycling  570 - 100 tonne  

Destined for energy recovery  - 494 602 tonne 

Destined for ‘removal’ (mainly 
incineration)  

63 - 1305 tonne  

Total  3134   tonne 

Average kg plastics separated 
in PST-installation / car 

16.0    

Average kg plastics sent to 
material recycling in PST-
installation/car 

3.4    

 
The data in Tables 3.7 and 3.8 show that in total an amount of 5.2 + 3.4 = 8.6 kg 
plastics per car was recycled in 2012 in the ARN system. 

 
ARN further reports that per 1000 kg car, on average: 

-310 kg is removed by the car dismantler, of which 80 kg are ‘ARN-materials’ (liquids, 
tires, battery, etc)83 and 230 kg second hand parts (engine, gear block, headlights, 
etc.) 

-520 kg metals is separated by shredder companies 

The current legal norm in the Netherlands is to recycle at least 85% of the weight of 
cars. In 2015 this norm will be increased to 95%, of which minimum 85% 
product/material recycling (and the rest energy recycling). In 2011, 96.2% of the car 
weight was recycled, of which 83.1% material recycling (ARN 2012). 

3.1.8 Waste amounts in the electronics sector 

The Dutch WEEE flows were recently investigated in detail (Huisman et al. 2012). The 

study reports that a total of 349,000 tonnes of WEEE were generated in the Netherlands 
in 2010: 40,000 tonnes of IT equipment, 25,000 tonnes of monitors, 23,000 tonnes of 
TVs and 103,000 tonnes of small household appliances.84 These are likely to be the 
only subfractions of WEEE relevant for POP-BDEs. 

Wecycle is the organization coordinating WEEE collection in 417 of the 418 Dutch 
municipalities.85 In 2011, Wecycle received ~66,000 tonnes via municipal collection 
points (‘milieustraten’), which is 5.1 kg/inhabitant (this is 63% of the total WEEE 
amount received by Wecycle, the other 37% is received from companies).86, 87 

Consumers can hand in WEEE at electronics shops, and shops get paid by Wecycle for 
the costs of this take-back system. 2500 shops participate in this program (85% of the 

                                                
83  As shown in Table 3.7, 6.6 kg of this fraction consists of plastics. 
84  This corresponds to 2.4, 1.5, 1.4 and 6.2 kg/inhabitant for IT, MON, TV, SHA, respectively. 
85  The municipality not participating is Schijndel. 
86  http://www.wecycle.nl/subsites/jaarsite2011/pages/partners.html 
87  Wecycle keeps detailed records of WEEE mass flows per category and company, using 

European software tool ‘WF-Reptool’. 

http://www.wecycle.nl/subsites/jaarsite2011/pages/partners.html
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market). In 2011, ~40,000 tonnes WEEE were received by Wecycle via this route (37% of 
the total). 

A further ~3000 tonnes WEEE is received from fitters/electricians (mainly lamps and 
fittings). In 2011, a total of 109,700 tonnes of WEEE were collected via Wecycle. 
Wecycle reported that of this collected amount, 83% ended up in material recycling and 
13% in a municipal solid waste incineration facility (MSWI) with energy recovery (MSWI).88  

An overview of WEEE collected via Wecycle is provided in Table 3.9. 

Table 3.9  Overview of WEEE collected via Wecycle in 2011, specified per 
subcategory.88 

WEEE category 
Amount 
(ktonne) 

Legal reuse 
target (%) 

Reuse realized 
by Wecycle (%) 

TVs 22.4 65 88 

Cooling & freezing 24.8 75 94 

Large white goods 31.9 75 78 

Other white and brown 
goods 

27.1 60 77 

 
The fraction of plastics in European WEEE has been increasing over the years, and was 
estimated at 20.6% on average over all WEEE categories in 2008.89 For separate WEEE 
categories, some data on plastics content are available, as shown in Table 3.10 for the 
categories most relevant to POP-BDEs.89 Studies have been done to further specify the 
composition of those plastic fractions into plastic types, as shown for the polymer 
types most relevant to POP-BDE (ABS and HIPS) in Table 3.11.89 

Table 3.10  Plastic content in separate WEEE categories. 

Category / product 
Percentage plastic 

Range Average 

Small household appliances 29-48 37 

ICT equipment without screens 26-58 42 

Computer screens 17-22 20 

Consumer equipment without screens 21-26 24 

TV screens 10-22 16 

 
  

                                                
88  http://www.wecycle.nl/subsites/jaarsite2011/pages/resultaten.html 
89  Wäger, P., Schluep M. and Müller, E. (2010) RoHS Substances in Mixed Plastics from Waste 

Electrical and Electronic Equipment. Swiss Federal Laboratories for Materials Science and 
Technology (Empa).  

http://www.wecycle.nl/subsites/jaarsite2011/pages/resultaten.html
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Table 3.11  Presence of ABS and HIPS in plastic fractions per WEEE categories. 

Category / product 
Percentage ABS in  

plastic fraction 
Percentage HIPS in  

plastic fraction 

Range Average Range Average 

Small household appliances & 
consumer electronics 90 

5-41 21 19-50 35 

ICT equipment without screens 17-77 45 5-26 17 

Computer screens 32-73 51 27-42 33 

TV screens 2-43 16 52-89 76 

 

Coolrec is market leader in the Benelux in recycling of electronic equipment (and other 
metal-plastic combinations) with a throughput of 99,000 tonnes per year. In 2011, 
Coolrec processed almost 1 million refrigerators, 1.1 million TVs and 24,000 tonnes 
small household appliances and electrical tools. Daily, they deliver hundreds of tonnes 
of materials such as steel, copper, plastics and aluminum.91 PHB, which further 
processes the plastics from Coolrec, has an input of ~30,000 tonnes per year, and 
produces around 20,000 tonnes of regrinds (Dutch: ‘maalgoed’) as output.92 

WEEE recycling company Sims Recycling Solutions receives about 70,000 tonnes of 
WEEE per year. The company separates around 2500 tonnes of plastics from CRTs 
(considered as possibly BFR-containing) Processing of other WEEE categories results in 
around 3000 tonnes of ABS/PS and 12,000 tonnes of mixed plastics.  

3.2 POP-BDEs measured concentrations 
The BDE congeners measured in the 90 samples can be found in Annex C Tables 
(ending in B). An overview of the frequency of POP-BDEs and decaBDE found in these 
samples is provided in Table 3.12. The concentration ranges found in the investigated 
samples are shown in Table 3.13. In the next sections the concentrations found in the 
five investigated sectors are reported. 

  

                                                
90  Often studied in combination in the available studies. 
91 J aarverslag Coolrec 2011 
92  www.coolrec.com/dienstverlening/kunststofrecycling.aspx 

http://www.coolrec.com/dienstverlening/kunststofrecycling.aspx
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Table 3.12  Percentage of samples containing POP-BDEs or decaBDE. 

Sector  POP-BDEs decaBDE 

Automotive    

European ELV parts  0%  0% 

US/Asian ELV parts  27%  59% 

WEEE sorting station                                         
WEEE items 

8%  17%  

Recyclers    

Car materials  100%  100%  

Car and WEEE materials  80%  100%  

WEEE materials  75%  92% 

Recycled plastic pellets (various plastic 
fractions) 

60%  100%  

Recyclate-based products    

Isolation material and carpet padding  33%  100% 

Office and kitchen products  0%  0% 

Plastic toys 25% 25% 
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Table 3.13  Concentration range of POP-BDEs and decaBDE in the 90 study samples. 
Concentrations in µg/g. 

Sector  POP-BDE decaBDE 

Automotive    

European ELV parts  <0.2  <1  

US/Asian ELV parts  <0.3 - 25000  <2 - 23000  

WEEE sorting station                                       
WEEE items 

<0.5 – 800  <3 - 72000  

Recyclers    

Car materials  <0.1- 11  0.2 - 70  

Car and WEEE materials  <1 - 280  6 – 810  

WEEE materials  <2-330 6 - 3300  

Recycled plastic pellets (various plastic 
fractions) 

<0.7 -  67  5 - 210  

Recyclate-based products    

Isolation material and carpet padding  <0.001 – 0.04  0.01 – 0.08  

Office and kitchen products  <0.005  <0.03  

Plastic toys <0.01 - 33 <0.06 - 800  

 

3.2.1 BDEs in individual waste plastic items 

BDEs were analysed in 34 samples of single car parts (Annex C, Tables C1, C2, C3 and 
C11). BDE congeners were found in none of the European car parts and in 27% of the 
Asian and US car parts. POP-BDEs were detected in US cars only, up to 25,000 µg/g 
product (Pontiac Transport from 1997). BDEs were mainly found in the seat foam and 
seat covers. The BDE pattern in the seats was dominated by BDEs 47 and 99, indicating 
the use of c-PentaBDE. DecaBDE concentrations in car parts ranged from <2 – 23,000 
µg/g; this congener was found in 59% of US and Asian car parts, i.e. more often than 
the POP-BDEs.  

The EEE sample collection focused on ABS and HIPS from CRT TVs, ICT and consumer 
equipment, and small household appliances (e.g. hairdryers). These samples were first 
screened with the fast direct-probe TOFMS method. Four samples were found to 
contain BDEs (Annex C, Table C4A). To confirm these findings 12 from the 29 samples 
were selected for further study with the quantitative method, and also to investigate if 
low levels of BDEs were present. POP-BDEs were observed in only 1 of the 12 samples 
(8%). This sample was a scanner from 1998 with a high POP-BDE level of 838 µg/g. The 
BDE pattern was related to c-OctaBDE. DecaBDE was observed in 3 samples (17%) of the 
WEEE samples. The BDE congeners found with the traditional quantitative method (with 
solvent extraction) is in agreement with the isomers observed with the fast screening 
direct probe method. The limit of detection of the screening method is in the range of 
0.01-0.02% of the product, which is below the <0.1% of the RoHS Directive. The fast 
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screening method can detect in a few seconds the presence of BDEs in plastic 
materials. 

3.2.2 BDEs in shredder fractions 

In the shredder material of cars and WEEE, POP-BDEs were frequently found (75-100% 
of the samples). However, the levels of POP-BDEs are generally low and range from 
<0.1-330 µg/g. BDE209 is also frequently found in this material (92-100%), only 1 of 
the 24 samples investigated did not contain BDE209. The levels of decaBDE ranged 
from the low µg/g to the mg/g level (3.3 mg/g).  

The first batch of samples received from a Dutch shredder residue processing 
company originated from a large Dutch car shredder company (automotive shredder 
residue, ASR) (Annex C, Table C5B). One sample was the input for the ASR processing 
used to separate the polymer materials and foam from other materials. This input 
material contained low levels of POP-BDEs (1.3 µg/g). The fractions collected after the 
processing contained three types of samples: a polymer fraction with density <1.1 
(hard plastics), a polymer fraction with density 1.1 – 1.3 (hard and soft plastics), and a 
foam fraction. In the IVM Laboratory the 1.1-1.3 density fraction was further separated 
into pellets of different colours to investigate if differences could be observed between 
these pellet types. The highest POP-BDE levels were found in white/grey coloured 
pellets (10.8 µg/g) mainly due to the presence of BDE183. The dominant BDE 
congeners in the fiber foam fraction were BDE47 and BDE99, indicating that residues 
of c-PentaBDE, probably from car seat foams, were present.  

 

Figure 3.4  POP-BDEs levels in shredder residues from shredder residue processing 
company 1. All samples are derived from Belgian mixed shredder residue, 
which is a combination of automotive and WEEE sources. 

A second batch of shredder fractions from the same shredder residue processing 
company consisted of Belgian mixed shredder residues of a combination of automotive 
and WEEE sources (Figure 3.4; Annex C, Table C6A). Three density fractions were 
delivered (d 0-1, d<1.1, 1.1 < d <1.3), and a foam fraction. The 1.1 < d <1.3 had the 
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highest POP-BDE levels (281 µg/g) caused by BDE183 only. The other density fractions 
had lower levels around 1 µg/g. The foam fraction was dominated by BDEs 47 and 99 
with a total POP-BDE level of 29.3 µg/g (Annex C, Table C6B).  

Both batches from the shredder residue processing company indicated that the density 
separation of plastics successfully results in a lower density fraction with lower BDE 
concentrations and a higher density fraction in which BDE concentrations are higher. 

WEEE recycling company 1 collected a mixed sample of WEEE shredder material (Annex 
C, Table C7A). This was a mixed plastic fines sample containing plastics from 
electronic equipment, and it was made of 13 subsamples collected over 5 days. At the 
IVM Laboratory this sample was separated according to density, creating three density 
fractions: d<1, 1< d <1.2, d>1.2. Only the d>1.2 fraction contained POP-BDEs (BDE183) 
at a level of 16 µg/g (Annex C, Table C7B). The d>1.2 fraction contained 40 µg/g 
decaBDE, while in the 1<d<1.2 and d<1 fractions decaBDE was detected at 6.4 and 12 
µg/g, respectively. These concentrations are more than an order of magnitude lower 
than previously found at the same recycling company (Table 3.1). As the sampling 
method, sampling period and the analytical methods differ between the studies, an 
explanation for this difference cannot be easily given. 

 

Figure 3.5  ΣPOP-BDEs and decaBDE levels in plastic fractions of ICT and small 
household products (OWEB). Fate of the plastic fractions is indicated. 

From WEEE recycling company 2, shredder plastic materials were delivered from WEEE 
containing not only TVs, printers computers, large household electronics (e.g. 
refrigerators, freezers), but also small household EEE (coffee machine, hairdryer, etc.) 
(Annex C, Table C8A). Various shredder fractions were delivered, some were destined 
to be recycled into new products in the future and others were incinerated (Figure 3.5). 
Only the PS fraction contained no detectable BDEs. In all other materials POP-BDEs (7-
330 µg/g) and decaBDE (540-3300 µg/g) were measured. The ABS fraction contained 7 
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µg/g POP-BDEs and 540 µg/g decaBDE (Annex C, Table C8B). Interestingly, the 
decaBDE level in this material is in the same range as it is in the materials that are 
incinerated. Concentrations in the samples from WEEE recycling company 2 are 
generally more than an order of magnitude higher than at WEEE recycling company 1.93 
As the specific plastic fractions sampled differ between the companies, a further 
interpretation of these differences cannot be made. 

3.2.3 BDEs in recycled plastic fractions 

The samples analysed from the company that produced recycled plastic pellets for 
product manufacturing showed that POP-BDEs were present in PS pellets (3.7 µg/g) 
and in ABS pellets 67 µg/g (Figure 3.6, Annex C, Table C9B). Interestingly, both the 
POP-BDE and decaBDE levels in the ABS pellets are higher than the materials (RDF 
(light), RDF (heavy), and RDF (heavy residue) that are incinerated or discarded at the 
landfill.  

 

Figure 3.6  Levels of POP-BDEs and decaBDE in materials from a producer of plastic 
recyclate pellets. The PS and ABS pellets are sold on the market for 
product manufacturing. 

3.2.4 BDEs in new recyclate-based products 

Various products that were made of recycled plastics in the Netherlands were analysed 
(Annex C, Tables C12A and C13A). Three floor padding and foam insulating materials, 
made from recycled foam materials, showed that in one sample POP-BDEs were found 
(0.04 µg/g), and in all three materials decaBDE (0.014-0.08 µg/g) (Annex C Table 

                                                
93  BDE concentration ranges analyzed at WEEE recycling company 2 are in agreement with 

ranges reported in an earlier study at WEEE recycling company 1, using different sampling 
methods and analytical techniques (Table 3.1). 
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C12B). In two pens, a stapler, and a coffee machine made of recycled plastics no POP-
BDEs or decaBDE were found (Annex C Table C13B).  

3.2.5 BDEs in plastic toys 

Eight hard plastic toys made in China were investigated (Annex C, Table C10A). In 25% 
of the toys BDEs were found. In two products made of hard black plastic, a radio 
controlled car and plastic pistol, 5.5 and 33 µg/g POP-BDEs were found, respectively 
(Annex C, Table C10B). The BDE pattern in the toy car was a combination of c-PentaBDE 
and c-OctaBDE. In the plastic toy pistol the c-OctaBDE pattern was found, which was 
comparable to what was observed in a scanner (although concentration levels in the 
scanner were higher than in the toy). Chromatograms of the two samples are shown in 
Annex C, Figure C10A.  

In addition to the POP-BDEs, decaBDE was found in the radio controlled car and the toy 
pistol as well at elevated levels, 44 and 800 µg/g, respectively. Also other BFRs such as 
TBBP-A were detected at much higher levels than the BDEs. The presence of different 
types of BFRs indicates that the toys are (partly) made of recycled plastics.  

3.3 Summary of BDE analyses 

In conclusion, the majority of measurements are below the limit of detection in the 
samples of single products or car parts. The c-PentaBDE was found only in significant 
quantities in seat material of some US cars (cars dating from before 2001). The c-
OctaBDE was present in significant quantities in one electronic product (scanner). In 
general, POP-BDEs are scarcely found in automotive and WEEE samples. Where BDEs are 
found at high levels in WEEE, the pattern is comparable with c-OctaBDE.  

POP-BDEs are frequently found in shredder material, with concentrations varying 
among the different types of shredder fractions. DecaBDE is frequently found in 
automotive and WEEE, shredder and recycled plastics.  

In two batches of purified ABS and PS pellets (sampled at different companies), BDE 
concentrations are considerably higher in ABS than in PS (see Table C8B and C9B), 
which is a confirmation of statements by the BFR industry that BDEs have been used 
more in ABS than in PS. 

The presence of BDEs and also other BFRs in toys may need future attention. 

The direct probe screening method can provide a quick and cost-effective indication as 
to whether POP-BDEs are present in a sample. 

3.4 Mass flow analysis 

The data described in paragraph 3.1.7 and 3.1.8 on waste amounts in the electronics 
and automotive sector have been combined with the analytical results on POP-BDE 
concentrations in waste streams in order to calculate total mass flows of POP-BDEs in 
Dutch waste streams.  

Data on waste flows is based on the year 2012, as far as possible. POP-BDE 
concentration data are based on samples of shredded waste fractions or recycled 
pellets, which are therefore representative for the average waste stream. The 
concentrations used were the sum of tetra-, penta-, hexa- and heptaBDE (which 
corresponds to BDE40 – BDE193), as only these BDE-congeners are considered as POP-
BDEs by the Stockholm Convention.  
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The available concentration data for the single products has not been used for the 
mass flow calculations, as these are not representative for the overall waste streams. 
The aim of the analysis of single products was to find hot spots, i.e. products or 
product types with relatively high POP-BDE concentrations. 

3.4.1 Input data for mass flows in the automotive sector 

The plastics mass flows in ELV processing are shown schematically in Figure 3.7. 

Exact data for the amount of dismantled cars in the Netherlands are available.94 With 
an average of 1000 kg per car, and an average percentage by weight of 8.2% plastics, 
the total amount of ELV plastics is 19,300 tonnes per year.95  

The ARN system for ELV processing accounts for 82.7% of all Dutch car wrecks in 
2012.94 Therefore, 3300 tonnes of ELV plastics are processed outside the ARN system 
(17.3%). We assume these plastics end up in incineration.96 

Car dismantlers remove on average 230 kg per car as parts which are intended for 
reuse as second-hand parts.97 No specific data on the plastic composition of these 
parts is available, so we assume the plastic fraction to be equal to the overall plastics 
percentage in a car. The total amount of plastics removed from car wrecks in this route 
is then 3700 tonnes. In addition, specific plastic parts are removed by dismantlers and 
collected by ARN. Of these plastics, 1000 tonnes are destined for recycling, and 280 
tonnes are incinerated (partly with energy recovery).94 

During shredding of the stripped car wrecks, the remaining plastics end up in the 
shredder residue. The amount of plastics present in the separated metal fractions is 
negligible.98 

Part of this shredder residue is treated in the PST-installation. In this installation, 670 
tonnes of plastics are separated and destined for recycling.94 A further 2500 tonnes of 
plastics are separated in this installation, which are destined for incineration (with or 
without energy recovery) (Table 3.8). 

The amount of Dutch shredder residue not treated in the PST-installation is 25,000 
tonnes. The plastic fraction in car shredder residue is 37% shredder residue, and hence 
the amount of plastics not treated in the PST-installation is 9400 tonnes. 94 Most of 
these plastics are incinerated. Based on the current Dutch waste regulations, disposal 
of shredder residue on landfill is prohibited. We therefore assume that none of the 
waste ends up in landfill.99 

As POP-BDE have been used in the automotive sector only in the plastic types PUR, ABS 
and PS, a further breakdown of the plastic fractions into plastic types would be 
desirable. However, detailed data on the composition of plastics in ELV waste flows is 
not available. Data on the general use of plastic types in the automotive sector was 
therefore used as an approximation of plastic types present in ELVs. PlasticsEurope 
(2012) reports that of the plastics used in the automotive sector around 17% is PUR, 8% 
is ABS/SAN and 0% is PS. However, as several car parts provided to us as samples were 

                                                
94 Data provided by ARN. 
95 Tonnages have been rounded to the nearest 100. 
96 Part of these ELVs will actually end up at ‘car cemeteries’, possibly after export, but is not 

possible to specify these flows. 
97 ARN Duurzaamheidsverslag 2011 
98 Personal communication, Van Dalen shredder company. 
99 As mentioned in paragraph 3.1.2, an exception exists for the fine shredder fraction, which 

can in some cases be landfilled. 
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made of PS, it is clear that the percentage PS in car plastics is not zero. We therefore 
assumed a PS% of car plastics of 1%. These percentages (17% PUR, 8% ABS, 1% PS) were 
used when no further data were available. For the presence of PUR in ASR, a specific 
value of 8.5% was found in literature (Vermeulen et al. 2011). This percentage was 
used for the PUR present in the shredder residue flows. Additional information was 
used from plastics recycler Galloo, who indicated that the plastics recycled from the 
automotive sector consist of PP, PE, PS and ABS. When only these plastics are 
considered to be present in the plastic flows destined for recycling, ABS would account 
for 18% of the plastics. This ABS percentage is used for the plastic flows destined for 
recycling (PS is kept at 1% in these plastic flows). 

Concentration data from the current sampling campaign were used to estimate overall 
POP-BDE concentrations in the PUR, ABS and PS fractions considered. The sample of the 
foam fraction from the PST-installation was chosen as most representative for the PUR 
fraction (sample 13/432, Annex C6B). The pure ABS and PS pellets produced by a 
producer of recycled plastics from plastics originating from the automotive sector were 
considered as representative for the overall POP-BDE concentrations in ABS and PS in 
the automotive sector (samples 13/817 and 13/818, Annex C9B). These 
concentrations could be an underestimation, as the ABS and PS pellets are the result of 
separation processes involving density techniques, in which the heaviest fraction 
(including plastics with high POP-BDE content) is separated and ends up in the heavy 
RDF fraction. However, the analytical results show POP-BDE concentrations in the heavy 
RDF fraction even lower than in ABS and PS pellets, and therefore the heavy RDF 
fraction is not a more appropriate (worst case) estimation. 
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Figure 3.7  Mass flows of plastics in End-of-Life vehicles. 

3.4.2 Results for POP-BDE mass flows in the automotive sector 

The resulting mass flows of plastics and POP-BDE in ELVs are listed in Table 3.14. 

The largest flow of plastics is the plastic fraction in ASR that is not treated in the PST-
installation. This is followed by the plastics present in second-hand parts, plastics in 
cars processed outside the ARN system and plastics separated in the PST-installation 
ending up in incineration. The two plastics flows destined for recycling (from 
dismantlers and from the PST-installation) are relatively small. 

Of the three polymer types of interest, PUR is present in the highest amounts, and ABS 
amounts are somewhat lower, but of the same order of magnitude. The amounts of PS 
are relatively small. 

POP-BDE levels are highest for ABS, in terms of both concentrations and mass flow. The 
contribution of PUR to the POP-BDE mass flows is lower than ABS, but in the same 
order of magnitude. PS is of minor importance, in terms of both POP-BDE 
concentrations and mass flows. 

The total calculated mass flow of POP-BDEs in the Dutch automotive sector is 197 kg 
per year. The contribution of ABS, PUR, and PS to the total POP-BDE mass flow is 63%, 
37% and 0.4%, respectively. The majority of this POP-BDE flow ends up in incineration 
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(67%). 19% of the POP-BDE end up in reused second hand parts, and 14% ends up in 
recycled plastic. 

The total of the plastic flows in this analysis amounts to 20,800 tonnes per year. The 
total amount of plastics estimated to be present in ELVs is 8.2% * 237,000 tonnes = 
19,300 tonnes.100 As these values for total plastic flows are within 10% of each other, 
the plastics mass flows can be considered as reasonably reliable.  

Sensitivity analysis 

Higher uncertainties apply to the estimated percentages of plastic types (PUR, ABS, PS), 
and POP-BDE concentrations. As an indication of these uncertainties, an alternative 
calculation can be made for the total POP-BDE mass flow in ASR, using (partly) different 
data. In a sample of ASR (the input for the PST-installation, which is a mixture of many 
material types), a POP-BDE concentration of 1.3 µg/g was measured (sample No. 
13/449, Annex C5B). The total amount of ASR is estimated to be 170 kg per car * 
196272 cars (properly shredded within the ARN system) = 33,400 tonnes. A total mass 
flow of POP-BDE in ASR then amounts to 42 kg.101 

From the plastics in ASR from Table 3.14, a total POP-BDE mass flow of 104 kg can be 
calculated.102 This a factor 2.5 higher than the alternative value calculated above. This 
result indicates that our calculations can be considered reliable within an order of 
magnitude.  

 

  

                                                
100  237255 registered car wrecks with an average weight of 1000 kg, and an average plastic 

percentage of 8.2%; data from ARN (2013) and Vermeulen et al. (2011) 
101  NB: this value only applies to POP-BDE in ASR, not to the total POP-BDE mass flow in ELVs. 
102  This is the sum of ‘plastics separated for recycling by PST-installation’, ‘plastics separated 

for incineration by PST-installation’ and ‘plastics not treated in PST-installation’.  
Contributions of POP-BDE in PUR, ABS and PS are 31 kg, 72 kg and 0.5 kg, respectively. 
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Table 3.14  Mass flows of plastics and POP-BDE in end-of-life vehicles. 

 
Tonne 

Destination 
of material 

PUR 
(%) 

ABS 
(%) 

PS 
(%) 

 

PUR 
(tonne) 

ABS 
(tonne) 

PS 
(tonne) 

 Plastics processed by 
dismantlers outside ARN 
system 

3340 incineration 
(assumed) 17 8 1 

 

561 271 33 

 Plastics separated for 
recycling by ARN-
dismantlers  

1015 recycling 17 18 1 

 

171 183 10 

 Plastics separated for 
incineration by ARN-
dismantlers  

275 incineration 17 8 1 

 

46 22 3 

 Plastics present in 
second-hand car parts 
removed by ARN-
dismantlers 

3679 reuse 17 8 1 

 

618 298 37 

 Plastics separated for 
recycling from ASR by 
PST-installation  

670 recycling 8.5 18 1 

 

57 121 7 

 Plastics separated for 
incineration from ASR by 
PST-installation  

2464 incineration 8.5 8 1 

 

209 200 25 

 Plastics present in ASR 
not treated in PST-
installation 

9356 incineration 8.5 8 1 

 

795 758 94 

 

     

Total per 
plastic type: 2458 1852 208 

 

           Total of plastic flows 
accounted for (tonne) 20799 108% 

    

POP-BDE concentration 
(µg/g =g/tonne)  

Plastics in elvs based on 
total cars * average 
plastic % (tonne) 

19336  

    
in PUR in ABS in PS 

 

       

29.3 67 3.7 

 

           

       

POP-BDE mass flow (kg) 

       

in PUR in ABS in PS Total 

    

Destined for 
recycling: 6.7 20 0.1 27 

    

Destined for reuse: 18 20 0.1 38 

    

Destined for 
incineration: 47 84 0.6 132 

    

Total in 
automotive waste 72 124 0.8 197 

 

3.4.3 Input data for mass flows in the electronics sector 

WEEE fractions that potentially contain POP-BDE are TVs, IT equipment (IT), monitors 
(MON) and small household appliances (SHA). Data on the sizes of these WEEE 
categories in the Netherlands are available for the year 2010, as shown in Table 3.15 
(Huisman et al. 2012). 

Estimations of exported streams of WEEE plus (still functioning) used equipment (EEE) 
are available. It is assumed that part of this stream will end up abroad on landfill, and 
part will be recycled abroad (sometimes under substandard conditions). 

WEEE ending up at recycling companies can be collected within the Wecycle system, 
but significant additional amounts are collected via other routes or initiatives, either 
from households or companies (Huisman et al. 2012). These are all considered 
together in the current study as ‘collected for recycling’. 
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Significant amounts of WEEE from the categories SHA and IT are not collected 
separately, but end up in municipal waste, and are subsequently incinerated. No 
municipal waste is sent to landfill in the Netherlands. 

Finally, circa 20% of the WEEE generated in the Netherlands the destination is not 
documented.103 It is assumed that part of this WEEE fraction is incinerated, and part is 
exported. 

Table 3.15  Amounts of WEEE for categories relevant to POP-BDE in the Netherlands 
(Huisman et al. 2012) 

 
SHA IT MON TVs SHA+IT+ MON+TV 

 
Export used EEE 0.24 0.6 0.26 0.49 1.59 kg/inh 

Collected for recycling 3.05 1.31 1.18 1.29 6.83 kg/inh 

To municipal waste 1.64 0.54 0 0 2.18 kg/inh 

Not documented 1.5 0.55 0.4 0.1 2.55 kg/inh 

 
SHA IT MON TVs SHA+IT+ MON+TV 

 
Export used EEE 4.0 10.0 4.3 8.1 26.4 ktonne/year 

Collected for recycling 50.6 21.7 19.6 21.4 113.4 ktonne/year 

To municipal waste 27.2 9.0 0.0 0.0 36.2 ktonne/year 

Not documented 24.9 9.1 6.6 1.7 42.3 ktonne/year 

Total in WEEE category 106.7 49.8 30.5 31.2 218.3 ktonne/year 

 
According to Wäger et al. (2010), average plastics percentages in these WEEE fractions 
are 37, 42, 20 and 16% for SHA, IT, MON and TVs. 

Within these plastic fractions, the only plastic types which are likely to be relevant are 
ABS and HIPS. Although some data is available on the average presence of these 
polymer types in different WEEE fractions (see paragraph 3.1.9), no POP-BDE analyses 
have been performed on total ABS and HIPS originating from WEEE in the current 
project.104  

POP-BDE analyses are available for the separated high density and low density fractions 
of WEEE categories OWEB and ICT. According to an estimation by one of the WEEE-
recycling companies, roughly one third of the WEEE plastics end up in the heavy 
plastics fraction, and two thirds in the lighter fraction.105 The WEEE categories IT and 
MON are considered to fall in the (analyzed) category ICT, while categories SHA and TV 
are considered to fall in the (analyzed) category OWEB. The POP-BDE concentrations 
corresponding to these fractions are shown in Table 3.16.106 Plastics in WEEE not 
ending up at the recycling plant will have the same ratio of two thirds light and one 
third heavy plastics, and the weighted average POP-BDE concentrations in these flows 
are based on these ratios. 

The plastics mass flows in WEEE processing are shown schematically in Figure 3.8. 

                                                
103  Total WEEE generated in the Netherlands in 2010 was 349 ktonnes, with 64-85 ktonnes not 

(yet) documented (Huisman et al. 2012). 
104  Only a sample of the HIPS and ABS fractions after density separation of WEEE plastics were 

available. The POP-BDE in these light HIPS and ABS fractions will be lower than in average 
HIPS and ABS.  

105  Personal communication, Coolrec. 
106  This is based on samples 13/442-13/448, Annex C8B. 
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Figure 3.8  Mass flows of plastics in WEEE fractions SHA, IT, MON and TVs. 

3.4.4 Results for POP-BDE mass flows in the electronics sector 

The calculated mass flows of plastics and POP-BDE in WEEE are shown in Table 3.17.  

The four WEEE flows relevant for POP-BDE amount to 218,000 tonnes per year, and the 
plastics in these WEEE fractions amount to 72,000 tonnes per year. SHA account for 
more than half (55%) of these plastics, while IT, MON and TVs contribute 29%, 9% and 
7% to these plastics, respectively.  

At the recycling company, a smaller proportion of the plastics end up in the heavier 
plastics fraction, but POP-BDE concentrations in this fraction are slightly higher. 
Therefore, total POP-BDE amounts are similar for both fractions: 1.9 tonnes of POP-BDE 
in the heavier fraction (which is destined for incineration) and 1.5 tonnes of POP-BDEs 
in the lighter fraction (which is destined for recycling). The POP-BDE flows with other 
destinations (export, incineration, undocumented) are slightly lower but of the same 
order as the flows in the recycling routes. 

The total POP-BDE flow calculated for WEEE is 6.96 tonnes per year for the Netherlands.  

The highest amounts of POP-BDE originate from the IT category, which accounts for 
51% of the total. This is followed by the SHA fraction, which accounts for 31% of POP-
BDEs. Monitors contribute 15% to the POP-BDE mass flows, and monitors have a 
relatively minor contribution of 4%. 

  

plastics in WEEE fractions SHA, MON, IT, TV

WEEE and 
used EEE 
exported

incineration 
13.8 kton

unknown (assumed: 
part incinerated, part 
substandard 
treatment)
14.6 kton

heavy 
plastics

collected for recycling

light plastics

recycling
23.5 kton

not 
documented

incineration
11.7 kton

unknown 
(part reused)

7.8 kton

municipal 
waste
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Table 3.16  Mass flows of plastics and POP-BDE in WEEE.  

 WEEE category 
  

SHA IT MON TVs 
SHA+IT+ 
MON+TV Units 

Ktonne of WEEE category in NL 106.7 49.8 30.5 31.2 218 ktonne WEEE  

Plastics percentage in WEEE 
category  37% 42% 20% 16% 

  
Ktonne plastics in WEEE category  39.5 20.9 6.1 5.0 72 ktonne plastics  

Light fraction of plastics 0.67 0.67 0.67 0.67 
  

Heavy fraction of plastics 0.33 0.33 0.33 0.33 
  

Export plastics in used EEE 
(ktonne/year) 1.5 4.2 0.9 1.3 7.8 ktonne plastics/year 

Light plastics collected for 
recycling (ktonne/year) 

12.5 6.1 2.6 2.3 23.5 ktonne plastics/year 

Heavy plastics collected for 
recycling (ktonne/year) 

6.2 3.0 1.3 1.1 11.7 ktonne plastics/year 

Plastics to municipal waste 
(ktonne/year) 10.1 3.8 0.0 0.0 13.8 ktonne plastics/year 

Plastics not documented 
(ktonne/year) 

9.2 3.8 1.3 0.3 14.6 ktonne plastics/year 

POP-BDE concentration in light 
plastics fraction of WEEE category  31 120 120 31 

 
µg/g 

POP-BDE concentration in heavy 
plastics fraction of WEEE category  

101 265 265 101 
 

µg/g 

POP-BDE concentration in plastic 
in WEEE category (2/3 light; 1/3 
heavy)  

54 168 168 54 
 

µg/g 

Kg POP-BDE in exported plastics 
in used EEE 

80 704 145 71 1000 kg POP-BDE  14% 

Kg POP-BDE in light plastics of 
WEEE category 

387 731 313 71 1502 kg POP-BDE  22% 

Kg POP-BDE in heavy plastics of 
WEEE category 629 807 346 115 1896 kg POP-BDE  27% 

Kg POP-BDE in plastics to 
municipal waste 

546 634 0 0 1180 kg POP-BDE  17% 

Kg POP-BDE in plastics not 
documented 

499 645 224 14 1383 kg POP-BDE  20% 

Total kg POP-BDE in plastics of 
WEEE categories 2141 3521 1028 271 6961 total kg POP-BDE  
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Sensitivity analysis 

Data are considered to be reasonably accurate for the WEEE amounts per category, 
their destination, and total plastic contents per WEEE category. Higher uncertainties 
apply to the ratios of heavy to light plastics, and POP-BDE concentrations.  

In order to get some idea of the uncertainties in the results, three alternative 
calculations were made for comparison, using (partly) different data on POP-BDE 
concentrations or plastic volumes. 

Alternative 1: the ratio of heavy to light plastics in WEEE recycling streams used in the 
calculations is a rough estimate, based on the experience of WEEE recyclers. 
Alternatively, the concentrations measured in the different plastic density fractions 
(four for the OWEB batch, three for the ICT batch analyzed) could simply be averaged 
to arrive at an estimation of the concentration for the total plastic fraction of a WEEE 
category.107 These average concentrations multiplied by the total amount of plastics 
per WEEE category give the results shown in Table 3.17.  

Table 3.17  Mass flows of plastics and POP-BDE in WEEE – alternative calculation 1.  

SHA IT MON TVs 
SHA+IT+ 
MON+TV  

39.5 20.9 6.1 5.0 72 total plastics in WEEE category (ktonne/year) 

83 217 217 83 600 
POP-BDE concentration, µg/g (averages of 
different plastic density fractions, for an 
OWEB and an ICT batch) 

3288 4532 1323 416 9558 total kg POP-BDE in plastic of WEEE category 

 

Alternative 2: Literature data is available on the percentages ABS and PS in the plastic 
fraction per WEEE category (Table 3.11). The POP-BDE concentrations in a sample of 
the ABS/PS fraction were reported by WEEE recycling company 1 in 2012 (see Table 
3.1).108 Multiplication of these data give the results shown in Table 3.18. 

Table 3.18  Mass flows of plastics and POP-BDE in WEEE – alternative calculation 2.  

SHA IT MON TVs 
SHA+IT+ 
MON+TV  

21% 45% 51% 16% 
 

%ABS in plastic fraction of WEEE 
category 

35% 17% 33% 76% 
 

%HIPS in plastic fraction of WEEE 
category 

8.3 9.4 3.1 0.80 22 ktonne ABS in WEEE category 

13.8 3.6 2.0 3.8 23 ktonne HIPS in WEEE category 

355.0 355.0 355.0 355.0 
 

POP-BDE concentration, µg/g (white 
ABS/PS sample (WEEE recycling company 
1, 2012) 

7851 4603 1822 1631 15,906 
total kg POP-BDE in plastic of WEEE 
categories  

 

Alternative 3: the internal analytical report by WEEE recycling company 1 (2012) also 
presents concentration data on a TV+monitors sample and several mixed plastic 

                                                
107  This is based on samples 13/442-13/448, Annex C8B. 
108  This concentration can be considered as representative for all ABS/PS in WEEE, as WEEE 

recycling company 1 does not apply density separation techniques. 
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fractions. This data combined with the total WEEE plastic flows per category lead to the 
mass flows shown in Table 3.19. 

Table 3.19  Mass flows of plastics and POP-BDE in WEEE – alternative calculation 3.  

SHA IT MON TVs 
SHA+IT+ 
MON+TV  

39.5 20.9 6.1 5.0 72 total plastics in WEEE category (ktonne/year) 

359.0 359.0 68.2 68.2 
 

POP-BDE concentration, µg/g (mixed plastics 
and TV/monitor sample (WEEE recycling 
company 1, 2012) 

14,177 7509 417 341 22,443 total kg POP-BDE in plastic of WEEE categories  

 
Results for the total mass flow of POP-BDE in these alternative calculations are a factor 
1.4, 2.3 and 3.2 higher than the result of the main analysis (Table 3.16). This range in 
results from 7000 to 22,000 kg POP-BDE suggests that our mass flow calculations can 
be considered reliable within an order of magnitude.  

3.4.5 Comparison of POP-BDE mass flows in the automotive and 
electronics sector 

The calculated yearly POP-BDE amounts of 7.0 tonnes in the WEEE flow (Table 3.16) 
and 0.20 tonnes in automotive waste (Table 3.14), correspond to 0.42 g POP-BDE in 
WEEE per inhabitant and 0.012 g POP-BDE in ELVs per inhabitant. The total POP-BDE 
mass flows are 35 times higher in the WEEE sector than in the automotive sector. The 
amount of plastics in the Dutch WEEE flow is 3.5 times higher than that in the 
automotive sector, which suggests that ten times higher POP-BDE concentrations can 
be expected on the average. As the concentrations are provided on the average, 
individual items may consist of much higher POP-BDE concentrations (see Annex C). 

Table 3.20.  POP-BDE concentrations to be expected in waste stream using the data 
provided in Tables 3.14 and 3.16 

 Plastics POP-BDEs 
POP-BDE 
concentration 

Source  

 ktonne tonne µg/g  

ELV 19.3 0.2 10 Table 3.14 

WEEE 72 7.0 97 Table 3.16 

 

In the WEEE sector, 22% (1.50 tonnes) of the POP-BDE is likely to end up in recycled 
plastics.109 In the automotive sector, 14% is expected to end up in recycled plastics, 
while an additional 19% is expected to end up in second-hand parts (reuse).110 

Results from Petreas and Oros (2009) indicate that POP-BDE flows in waste are higher 
in California than in the Netherlands by a factor of 172 (WEEE) and 157 (automotive). 
As the number of inhabitants is only 2.3 times higher in California, the POP-BDE flows 
per inhabitant are considerably higher in California compared to the Netherlands. The 
ratio of POP-BDE in the WEEE and automotive sector is 39, which is very similar to the 
Netherlands. 

                                                
109  This value corresponds to ‘kg POP-BDE in light plastics’ in Table 3.16. 
110  This value corresponds to ‘POP-BDE mass flow – destined for recycling’ in Table 3.16. 
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A Swiss mass flow study from 2004 reported POP-BDE mass flows in WEEE of 64 tonnes 
per year (4 tonnes pentaBDE and 60 tonnes octaBDE), which is 9 times higher than for 
the Dutch situation.111 This corresponds to 8.0 g POP-BDE in WEEE per inhabitant. 

A British study reports mass flows of octaBDE in TV housings of 246 tonnes per year in 
the UK (3.9 g per inhabitant), which is 2 orders of magnitude higher than the 1.29 
tonnes of POP-BDE in WEEE categories monitors + TVs in the current study.112 For 
pentaBDE in ASR, a total yearly mass flow of 86 tons was calculated, which is over 400 
times higher than for the Netherlands in the current study. The total POP-BDE ratio of 
WEEE/automotive was 2.9, which is lower than the ratio of 35 for the Netherlands. The 
concentrations in the British study were predicted based on historical use data rather 
than measured, and were considerably higher than concentrations found in the current 
study (Oakdene Hollins 2010).  

In another British study, POP-BDE mass flows in WEEE were calculated from actual 
chemical analyses of brominated plastics (Peacock 2012).This resulted in a total yearly 
POP-BDE flow in WEEE of 123 tonnes for the UK (2.0 g POP-BDE in WEEE per inhabitant). 
Again, this is higher than the current results for the Netherlands, but of the same 
order of magnitude (when expressed in g per inhabitant). 

A study commissioned by the European Commission reported a total of 128 tonnes 
octaBDE in WEEE in Europe, based on historical use patterns, with 18% (23 tonnes) 
ending up in recycling (ESWI 2011). This corresponds to 0.25 g POP-BDE per 
inhabitant,113 which is lower but of the same order as the current results for the 
Netherlands (0.42 g POP-BDE in WEEE/inhabitant).114 

 

 

 

  

                                                
111  Bundesamt für Umwelt, Wald und Landschaft BUWAL: “Metallische und nichtmetallische 

Stoffe im Elektronikschrott - Stoffflussanalyse.” Schriftenreihe Umwelt nr. 374, 2004. 
112  This value corresponds to ‘total kg POP-BDE in plastics, MON + TV’ in Table 3.17. 
113  ~500 million inhabitants in the EU27. 
114  7.0 tonnes POP-BDE/16.6 million inhabitants. 
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4 Conclusions 

This report provides a unique POP-BDE dataset for the relevant plastic waste streams in 
the Netherlands. The waste streams have been investigated in detail in order to 
uncover the story of plastic waste that may or may not contain POP-BDEs. Waste 
management is a typical cross-border activity, which was evident from the international 
trade in recyclates at different steps of the chain, as well as new products made 
(partly) from recyclates. Insight was gained into the effectiveness of separation of 
waste streams which sometimes did contain POP-BDEs. POP-BDEs were rarely found in 
single automotive parts (US cars only) or WEEE items. This in contrast to shredder 
material (consisting of a large number of shredded items), in which POP-BDEs are 
frequently found. The samples in which POP-BDEs were measured confirmed that c-
PentaBDE can be found in automotive, whereas the BDE pattern in WEEE mainly reflect 
the application of c-OctaBDE. Although concentrations in plastic shredder fractions 
from WEEE are found to be somewhat higher than in plastic shredder fractions from 
ELV (both representative of the average plastics flow), the highest concentrations in 
single items were found in some ELV samples. Seats of American cars were shown to 
be a POP-BDE hot spot in the ELV sector, with up to 25,000 µg/g in polyurethane foam 
of a Pontiac car seat (mostly c-PentaBDE congeners). No such hot spots were found for 
WEEE items: expected high POP-BDE concentrations in old CRT TVs were not found in 
the samples. This indicates that a selective removal of POP-BDE containing plastics may 
be more challenging in the WEEE sector than in ELV processing. DecaBDE (not a POP) is 
frequently found in plastic fractions from shredded automotive and WEEE material, and 
recycled plastic pellets.  

This study also demonstrated a novel method for very fast and cost-effective screening 
of plastics with flame retardants, currently developed for laboratory analysis.  

The investigation of the size of waste streams and the research on POP-BDE 
concentrations resulted in the calculation of a POP-BDE flow of 7.0 tonnes per year for 
the WEEE flow and 0.20 tonnes in the automotive waste for the Netherlands, 
corresponding to 0.42 g POP-BDE in WEEE per inhabitant and 0.012 g POP-BDE in ELVs 
per inhabitant. Both in terms of plastic flows and average POP-BDE concentrations, 
WEEE is more relevant than ELV. In the relevant WEEE categories, the plastics flow is 
around 72 ktonnes, while ELVs have a yearly plastics flow of around 20 ktonnes. 
Average POP-BDE concentrations in flows of shredded ELV plastics are around ten 
times lower than in shredded WEEE plastics. 

Based on the mass flow analysis, 22% of the POP-BDE in WEEE is expected to end up in 
recycled plastics. In the automotive sector, 14% of the POP-BDE is expected to end up 
in plastics recycling, while an additional 19% is expected to end up in second-hand 
parts (reuse). 

Despite the limited amount of samples taken of new products compared to other 
points in the investigated plastic flows, POP-BDEs were detected at low concentrations 
in some products. The POP-BDE containing recycled products were produced abroad, 
suggesting that to some extent POP-BDEs exported in the form of plastics return to us 
in new products. This also indicates that the legacy of POP-BDEs will be with us for 
quite some years to come, until the plastics are eventually so far downcycled that they 
will probably end up in incineration. At least the POP-BDEs that are turning up in 
plastic consumer items such as toys are not at the elevated levels that we were 
accustomed to when measuring new equipment up until the end of the 1990s. 
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Annex A Supporting Information 

A.1 Chemicals in c-pentaBDE and c-OctaBDE  

 

The c-PentaBDE product consisted of tetraBDE (47), pentaBDEs (85, 99, 100) and 
hexaBDEs (153, 154). The c-OctaBDE product contained hexaBDEs (153, 154), 
heptaBDEs (171, 180, 183), octaBDEs (196, 197, 203) nonaBDEs (206, 207) and 
decaBDE (209). The compounds now listed as ‘new’ POPs under the Stockholm 
Convention include: 

• Pentabromodiphenyl ether and tetrabromodiphenyl ether 
(Commercial pentabromodiphenyl ether) (UNEP/POPS/POPRC.3/20/Add.1) 

• Hexabromodiphenyl ether and heptabromodiphenyl ether 
(Commercial octabromodiphenyl ether) (UNEP/POPS/POPRC.4/15/Add.1) 

 
The c-OctaBDE mainly consists of heptaBDE and octaBDE congeners, however, a small 
percentage of the mixture contains nonaBDEs (14%) and decaBDE (2%) as well (e.g. 
Gellet et al. 2008). DecaBDE is a ‘candidate POP’ in the Stockholm Convention. These 
congeners were included in the analysis.  
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A.2 PlasticsEurope plastic demand per sector, per polymer type 

 

 

Source:  PlasticsEurope 2012: “Plastics – the Facts 2012. An analysis of European plastics production, 
demand and waste data for 2011.” 
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Annex B Stakeholders contacted 

Table B.1 Companies and institutes contacted for information in this study.  

Name of organization Role in the plastic waste treatment chain 

ARN Coordination of ELV processing in NL, processing of (mainly 
automotive) shredder residue in PST-installation 

Stiba Branch organization vehicle dismantlers 

ICL-IP/EFRA FR producer 

SABIC Plastic compounder, incl. FR-plastic for electronics, automotive 

Autodemontage 
Klesman 

Car dismantler 

RWS Leefomgeving 
(AgentschapNL) 

Administrator ‘Landelijk Meldpunt Afvalstoffen’ 

Coolrec + PHB Recycling WEEE recycler, PHB further recycles plastic fractions of Coolrec and 
other suppliers. 

Sims Recycling 
Solutions 

WEEE recycler 

Wecycle Coordinating organization for collection and treatment of WEEE in NL 

Galloo Plastics Plastics recycler, producer of recycled plastic pellets 

Rai Vereniging Branch organization of car manufacturers 

Van Dalen One the 3 main shredder companies in NL  

TU Delft / UN University Expert on WEEE collection and treatment 
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Annex C Samples Collected and Measured BDE Concentrations 

Table C.1A  Samples of single car parts collected from a car dismantler.  

LIMS No. Polymer type Year of 
assembly 

Car type Type of product  

13/0222 PUR 1999 Opel Astra Headlining  

13/0223 PMMA 1996 Renault 
Twingo 

Tail light cover  

13/0224 Unknown 1998 Opel Astra Carpet  

13/0225 ABS+PC 1992 Renault 
Clio 

Interior part  

13/0226 HDPE 1998 Ford Retainer ring  

13/0227 PP-GF 30% 1995 Unknown Heater unit  

13/0228 PP-EPDM 2000 VW polo Air hose  

13/0229 PP-talk 1998 Audi A3 Bumper (varnished)  

13/0230 ABS 1997 Ford Interior part  

13/0231 PUR Unknown VW Insulating material  

13/0221 PUR Unknown Unknown Insulating material between 
motor and interior 
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Table C.1B  Measured concentrations (µg/g dry product) of BDE congeners in samples of single car parts. 

Sample  Unknown Opel Astra Renault 
Twingo 

Opel Astra Renault Clio Ford Unknown VW Polo Audi A3 Ford VW 

  Insulating 
motor/interior 

Headlining Light cover Carpet Interior part Retainer 
ring 

Heater unit Air hose Bumper Interior part Insulating 
material 

LIMS No. 13/0221 13/0222 13/0223 13/0224 13/0225 13/0226 13/0227 13/0228 13/0229 13/0230 13/0231 

BDE28 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.2 <0.3 <0.3 <0.3 

BDE47 <0.4 <0.7 <1.1 <0.4 <0.7 <0.6 <0.7 <0.6 <0.6 <0.7 <0.8 

BDE49 <0.4 <0.7 <1.1 <0.4 <0.7 <0.6 <0.7 <0.6 <0.6 <0.7 <0.8 

BDE66 <0.4 <0.7 <1.1 <0.4 <0.7 <0.6 <0.7 <0.6 <0.6 <0.7 <0.8 

BDE71 <0.4 <0.7 <1.1 <0.4 <0.7 <0.6 <0.7 <0.6 <0.6 <0.7 <0.8 

BDE77 <0.8 <1.4 <2.4 <0.8 <1.4 <1.3 <1.5 <1.2 <1.4 <1.6 <1.6 

BDE85 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE99 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE100 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE119 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE126 <0.7 <1.1 <2 <0.7 <1.2 <1.1 <1.3 <1 <1.1 <1.3 <1.3 

BDE138 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE153 <0.4 <0.6 <1.1 <0.4 <0.6 <0.6 <0.7 <0.5 <0.6 <0.7 <0.7 

BDE154 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE156 <0.2 <0.3 <0.5 <0.2 <0.3 <0.3 <0.3 <0.3 <0.3 <0.4 <0.4 

BDE171 <0.4 <0.6 <1 <0.3 <0.6 <0.6 <0.7 <0.5 <0.6 <0.7 <0.7 

BDE183 <0.4 <0.6 <1 <0.3 <0.6 <0.6 <0.7 <0.5 <0.6 <0.7 <0.7 

BDE184 <0.4 <0.6 <1 <0.3 <0.6 <0.6 <0.7 <0.5 <0.6 <0.7 <0.7 

BDE191 <0.4 <0.6 <1 <0.3 <0.6 <0.6 <0.7 <0.5 <0.6 <0.7 <0.7 

BDE196 <0.5 <0.9 <1.6 <0.5 <0.9 <0.9 <1 <0.8 <0.9 <1.1  <1.1 

BDE197 <0.5 <0.9 <1.6 <0.5 <0.9 <0.9 <1 <0.8 <0.9 <1.1 <1.1  

BDE209 <1.2 <2.1 <3.6 <1.2 <2.1 <2 <2.3 <1.8 <2.1 <2.4 <2.4 

∑POP-BDEs ND ND ND ND ND ND ND ND ND ND ND 

∑POP-BDEs = sum of tetra, penta, hexa and heptaBDEs 
ND = not detected. 
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Table C.2A  Additional samples of single car parts from a car dismantler. 

LIMS No. Polymer type Year of assembly Car type Type of product 

13/0819 PUR 1998 Mazda 323 Foam from seat 

13/0820 Unknown 1998 Mazda 323 Seat cover 

13/0821 ABS 1998 Mazda 323 Interior part 

13/0822 PUR 1997 Pontiac Transport Foam from seat 

13/0823 Unknown 1997 Pontiac Transport Seat cover 

13/0824 ABS 1997 Pontiac Transport Interior part 
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Table C.2B  Measured BDE concentrations (µg/g dry product) in samples of single car seats and car interiors. 

Sample code Mazda 323 1998 Pontiac transport 1997 

  PUF car seat seat cover interior PUF car seat seat cover interior 

LIMS No. 13/0819 13/0820 13/0821  13/0822 13/0823 13/0824 

BDE28 <0.7 <0.4 <1.4 <28 2.2 <1 

BDE47 <0.7 <0.4 <1.4 5950 904 <1 

BDE49 <0.7 <0.4 <1.4 94 14 <1 

BDE66 <0.7 <0.4 <1.4 93 17 <1 

BDE71 <0.7 <0.4 <1.4 <28 <0.5 <1 

BDE77 <0.7 <0.4 <1.4 <28 <0.5 <1 

BDE85 <0.7 <0.4 <1.4 900 99 <1 

BDE99 <0.7 <0.4 <1.4 13500 1750 <1 

BDE100 <0.7 <0.4 <1.4 2150 255 <1 

BDE119 <0.7 <0.4 <1.4 <28 <0.5 <1 

BDE126 <0.7 <0.4 <1.4 49 <0.5 <1 

BDE138 <0.6 <0.3 <1.2 220 24 <0.9 

BDE153 <0.6 <0.3 <1.2 1580 200 <0.9 

BDE154 <0.6 <0.3 <1.2 930 106 <0.9 

BDE156 <0.6 <0.3 <1.2 <24 <0.4 <0.9 

BDE171 <0.6 <0.3 <1.2 <24 <0.4 <0.9 

BDE183 <0.6 <0.3 <1.2 40 6 <0.9 

BDE184 <0.6 <0.3 <1.2 <24 <0.4 <0.9 

BDE191 <0.6 <0.3 <1.2 <24 <0.4 <0.9 

BDE196 <0.6 2.3 <1.2 <24 <0.4 <0.9 

BDE197 <0.6 0.4 <1.2 <24 <0.4 <0.9 

BDE209 <1.6 22700 52 522 22500 18 

∑POP-BDEs ND ND ND 25506 3375 ND 

∑POP-BDEs = sum of tetra, penta, hexa and heptaBDEs 
ND = not detected. 
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Table C.3A  Samples collected of single car seats and seat covers.  

LIMS No. Polymer type Year of assembly Car type Type of product 

13/0827 PUR 1974 Renault 12 Foam from seat 

13/0829 PUR 1991 Toyota MR2 Foam from seat 

13/0831 PUR 1991 Chrysler Saratoga Foam from seat 

13/0833 PUR 1992 Nissan Primera Foam from seat 

13/0835 PUR 1993 Subaru Justy Foam from seat 

13/0836 PUR 1995 Jeep Grand Cherokee Foam from seat 

13/0838 PUR 1995 Toyota Starlet Foam from seat 

13/0840 PUR 1998 Chrysler Stratus Foam from seat 

13/0842 PUR 1998 Chrysler Voyager Foam from seat 

13/0844 PUR 2000 Daihatsu Grand Move Foam from seat 

13/0846 PUR 2002 Dodge Ram Van Foam from seat 

13/0830 PUR 1991 Chrysler Saratoga Seat cover 
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Table C.3B  Measured BDE concentrations (µg/g dry product) in cars seats and seat covers. 

Sample code Renault 12 
Toyota 

MR2 

Chrysler 

Saratoga 

Nissan 

Primera 

Subaru 

Justy 

Jeep Grand 

Cherokee 

Toyota 

Starlet 

Chrysler 

Stratus 

Chrysler 

Voyager 

Diahatsu 

Gran Move 

Dodge 

Ram Van 

Chrysler 

Saratoga 

  1974 1991 1991 1992 1993 1995 1995 1998 1998 2000 2002 1991 

  car seat car seat car seat car seat car seat car seat car seat car seat car seat car seat car seat seat cover 

LIMS No. 13/0827 13/0829 13/0831 13/0833 13/0835 13/0836 13/0838 13/0840 13/0842 13/0844 13/0846 13/0830 

BDE 28 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 47 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 49 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 66 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 71 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 77 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 85 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 99 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 100 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 119 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 126 <1.6 <1.5 <2.2 <0.9 <1.2 <2 <1.4 <1.6 <1.2 <1.8 <1.3 <1.5 

BDE 138 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 153 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 154 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 156 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE171 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 183 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 184 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 191 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 196 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 197 <3.2 <3 <4.5 <1.8 <2.4 <4 <2.8 <3.2 <2.2 <3.6 <2.5 <3 

BDE 209 <7.9 <7.4 34 <4.4 <6.1 <10 <7 131 <5.6 <9.1 <6.3 256 

∑ POP-BDE ND ND ND ND ND ND ND ND ND ND ND ND 

∑POP-BDEs = sum of tetra, penta, hexa and heptaBDEs; ND = not detected 
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Table C.4A Direct probe BDE screening of 29 plastic samples of single WEEE products (– not detected, X detected, XX detected in high 
amount). Samples further quantified indicated in boldface. 

LIMS No. Product  year Plastic type on product origin Penta Hexa Hepta Octa Nona Deca TBBP-A HBCD 

13/0453 Toaster Tomado ? PP ? — — — — — — — — 

13/0454 CRT TV 20HT3303/01 Philips  ? PP Europe — — — — — — — — 

13/0455 CRT Monitor 15C3220W Philips  1998 ? Taiwan — — — X — X XX — 

13/0456 Flatscreen TV LE2R72B Samsung ? ? Hungary — — — — — — — — 

13/0457 CRT monitor Packard Bell  1999 PC/ABS Taiwan — — — X — X XX X 

13/0458 CRT TV 20HT3303/01Philips 99-04 PP/ABS Europe — — — — — — — — 

13/0459 CRT TV 21HT3304/01 Philips 1992 ? Europe — — — — — — X  — 

13/0460 Flatscreen monitor 710N Samsung  2006 ? Thailand — — — — — — — — 

13/0461 Printer K10110E Canon  1994 PC/ABS-FR Italy — — — — — — — — 

13/0462 Printer DeskJet 520 HP 1994 ABS Spain — — — — — — — — 

13/0463 Printer PSC 1300 HP 2003 HIPS Malaysia — — — — — — — — 

13/0464 Scanner 4477-001 Lexmark 2004 HIPS China — — — — — — X  — 

13/0465 Printer DeskJet 720 HP 1998 ABS Spain — — — — — — — — 

13/0466 Desktop Power MAC M8493 Apple 2001 PC Ireland/Calif. — — — — — — — — 

13/0467 ISDN 220 Vox Chicago KPN 1999 ABS ? — — — — — — — — 

13/0468 Scanner 600 IIN Mastek 1997 ABS HIPS Taiwan — — — — — — — — 

13/0469 Scanner Hudson 80N PTT 1998 ? ? — X X X X X XX — 

13/0470 Part of computer DELL 2008 PC/ABS/FR40 China for Irel. — — — — — — — — 

13/0471 Printer DeskJet 720 HP 1998 ABS Spain — — — — — — — — 

13/0472 CRT TV KV-32FC60Z Sony  ? ? UK — — — — — — — — 

13/0473 CRT TV 14PT1356/01 Philips ? PP Europe — — — — — — — — 

13/0474 CRT TV 14PT156B/00 Philips  ? ? Italy — — — — — — — — 

13/0475 CRT TV AV-28KT1SUF JVC  ? ? ? — — — — — — — — 

13/0476 CRT TV Calida 5155 Loewe ? ? Germany — — — — — — — — 

13/0477 CRT TV 28PT4456/00 Philips 2001 ? Europe — — — — — — — — 

13/0478 CRT TV CT-29AS1EDT Mitsubishi  ? ? UK — — — X X XX — — 

13/0479 CRT TV Davio 51 Grundig  ? ? Europe — — — — — — — — 

13/0480 Standard Fan 1995 ? China — — — — — — — — 

13/0481 CRT TV CB-3373T Samsung ? PS Europe — — — — — — — — 
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Table C.4B Measured BDE concentrations (µg/g dry product) in plastic samples of single WEEE products.  

Sample code  Printer 

Canon  

HP printer 

Deskjet 520  

HP printer 

Deskjet 720  

CRT 

TV 

Sony 

CRT TV 

Philips 

CRT TV 

Grundig 

CRT Monitor 

Philips  

Flatscreen 

Samsung 

CRT TV 

Philips  

Lexmark 

scanner  

PTT hudson 

80N scanner 

CRT TV 

Mitsubishi 

LIMS No. 13/0461 13/0462 13/0465 13/0472 13/0474 13/0479 13/0455 13/0456 13/0459 13/0464 13/0469 13/0478 

BDE 28 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 47 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 49 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 66 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 71 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 77 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 85 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 99 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 100 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 119 <1 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 126 <11 <0.7 <0.6 <0.8 <0.8 <0.6 <0.6 <0.7 <0.9 <1 <0.5 <0.7 

BDE 138 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 19 <1.3 

BDE 153 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 ** <1.3 

BDE 154 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 11 <1.3 

BDE 156 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 <1 <1.3 

BDE 171 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 <1 <1.3 

BDE 183 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 790 <1.3 

BDE 184 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 9 <1.3 

BDE 191 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 <1 <1.3 

BDE 196 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 175 13 

BDE 197 <2.1 <1.5 <1.3 <1.7 <1.6 <1.3 <1.2 <1.3 <1.8 <1.9 360 7 

BDE 209 <5.2 <3.6 <3.1 <4.2 <3.9 <3.2 <3 <3.4 <4.5 <4.8 320 72300 

∑POP-BDE  ND ND ND ND ND ND ND ND ND ND 838 ND 

∑POP-BDEs = sum of tetra-, penta-, hexa- and heptaBDEs;  
ND = not detected. ** Interferences with other BFR 
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Table C.5A Collected samples derived from mainly automotive shredder residue. 

LIMS No. Sample description Material type Destination 

13/0449 Car shredder input material for PST 
installation 

Car shredder residue after shredding PST installation 

13/0450 shredder material after PST 
separation 

Fiber fraction (foam material) thickeners for STP sludge  

13/0451 shredder material after PST 
separation 

Material with density <1.1 (hard 
plastics) 

plastic recycling 

13/0452 a shredder material after PST 
separation 

Material with density 1.1-1.3 (black soft 
polymers) 

Reduction agent in blast furnaces or cement ovens 

13/0452 b shredder material after PST 
separation 

Material with density 1.1-1.3 (black hard 
polymers) 

Reduction agent in blast furnaces or cement ovens 

13/0452 c shredder material after PST 
separation 

Material with density 1.1-1.3 (colored 
polymers) 

Reduction agent in blast furnaces or cement ovens 

13/0452 d shredder material after PST 
separation 

Material with density 1.1-1.3 (white/grey 
polymers) 

 Reduction agent in blast furnaces or cement ovens 

 

 

 

13/0451 

 

13/0452 
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Table C.5B Measured concentrations (µg/g dry product) of BDE congeners in shredder residues mainly from the automotive sector. 

Sample code Input Car 

shredder 

residue 

Fiber 

fraction 

(foam) 

d<1.1 (hard 

plastic) 

1.1<d<1.3 

(black soft) 

1.1<d<1.3 

(black hard) 

1.1<d<1.3 

(colored) 

1.1<d<1.3 

(white/ 

grey) 

LIMS No. 13/449 13/450 13/451 13/452 a 3/452 b 13/452 c 13/452 d 

BDE28 0.02 0.04 0.005 0.02 <0.009 0.02 <0.009 

BDE47 0.4 2.0 0.3 <0.21 <0.3 *0.3 0.2 

BDE49 0.04 0.08 0.006 <0.04 <0.02 *0.01 <0.02 

BDE66 0.02 0.05 0.005 <0.04 <0.02 <0.01 <0.02 

BDE71 <0.001 <0.002 <0.0009 <0.04 <0.02 <0.01 <0.02 

BDE77 *0.003 <0.005 <0.002 <0.09 <0.05 <0.02 <0.05 

BDE85 0.02 0.1 0.005 <0.02 *0.01 *0.007 *0.03 

BDE99 0.6 2.9 0.2 0.2 0.4 0.1 0.4 

BDE100 0.09 0.5 0.05 *0.04 0.07 0.03 0.06 

BDE119 0.02 <0.001 <0.0004 <0.02 <0.01 <0.005 <0.01 

BDE126 <0.002 <0.004 <0.002 <0.07 <0.04 <0.02 <0.04 

BDE138 0.007 0.04 <0.0004 <0.02 <0.01 <0.005 0.1 

BDE153 ** ** ** ** ** ** ** 

BDE154 0.04 0.2 0.01 *0.02 *0.03 *0.009 0.2 

BDE156 <0.0006 <0.001 <0.0004 <0.02 <0.01 <0.005 <0.01 

BDE171 <0.0006 <0.001 <0.0004 <0.02 <0.01 <0.005 <0.01 

BDE183 0.02 0.05 <0.0008 0.1 0.08 *0.03 9.7 

BDE184 <0.001 <0.002 <0.0008 <0.04 <0.02 <0.01 0.08 

BDE191 <0.001 <0.002 <0.0008 <0.04 <0.02 <0.01 <0.02 

BDE196 0.02 0.1 <0.001 *0.1 <0.03 <0.02 2.7 

BDE197 0.01 0.09 <0.001 *0.1 *0.05 <0.02 5.2 

BDE209 17 70 0.2 5.5 2 1 3.3 

∑POP-BDEs 1.3 5.9 0.6 0.4 0.6 0.5   10.8 

∑POP-BDEs = sum of tetra-, penta-, hexa- and heptaBDEs *  The result is a value between LOD and LOQ 
   **  Interferences with TBBP-A. d = density 
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Table C.6A Collected samples derived from mixed shredder residue: a combination of automotive and WEEE sources. 

LIMS No. Sample description Material type Destination  

13/0431 Mixed Shredder Residue (MSR) Input for PST 

small fr. 0-20 mm 

Treatment in PST installation 

13/0432 Mixed Shredder Residue (MSR) Fiber fraction (foam 
material) 

R1-incineration with energy recovery (possible future 
application: sludge thickener) 

13/0429 Mixed Shredder Residue (MSR) density < 1.1 Plastic recycling 

13/0430 Mixed Shredder Residue (MSR) 1.1 < density < 1.3 Reduction agent in blast furnaces or cement ovens 

13/0426 Mixed Shredder Residue (MSR) density 0 - 1 ?  
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Table C.6B Measured concentrations (µg/g dry product) of BDE congeners in mixed shredder residue: a combination of automotive and WEEE 
sources. 

Sample 
code 

 Input for PST density (0 - 1)  density < 1.1   1.1 < density < 
1.3 

Fiber fraction 
(foam)  

LIMS No. 13/0431 13/0426 13/0429 13/0430 13/0432 

BDE28 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE47 <1.2 0.9 <0.8 <0.8 7.1 
BDE49 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE66 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE71 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE77 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE85 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE99 <1.2 1.5 <0.8 <0.8 15.1 
BDE100 <1.2 <0.9 <0.8 <0.8 3.1 
BDE119 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE126 <1.2 <0.9 <0.8 <0.8 <1.4 
BDE138 <1 <0.8 1.2 <0.7 <1.2 
BDE153 <1 <0.8 <0.7 <0.7 2.7 
BDE154 <1 <0.8 <0.7 <0.7 1.3 
BDE156 <1 <0.8 <0.7 <0.7 <1.2 
BDE171 <1 <0.8 <0.7 <0.7 <1.2 
BDE183 <1 <0.8 <0.7 281 <1.2 
BDE184 <1 <0.8 <0.7 <0.7 <1.2 
BDE191 <1 <0.8 <0.7 <0.7 <1.2 
BDE196 <1 <0.8 <0.7 27 3.5 
BDE197 <1 <0.8 <0.7 93 <1.2 
BDE209 29 27 6 810 155 

∑POP-BDEs ND 1.5 1.2 281 29.3 
∑POP-BDEs = sum of tetra, penta, hexa and heptaBDEs 
ND = not detected 
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Table C.7A Mixed plastic fine fraction from WEEE recycling company 1.The sample is a combination of 13 subsamples collected over 5 days. 
Separation on density was done on the IVM lab. 

LIMS No. Sample description Material type Destination  

13/0482 a Mixed plastic fine fraction Mixed plastic fines density < 1 Recycling in NL  

13/0482 b Mixed plastic fine fraction Mixed plastic fines 1 > density 
<1.2 

Recycling in NL  

13/0482 c Mixed plastic fine fraction Mixed plastic fines density >1.2 Recycling in NL  

 

 

 

13/0482 
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Table C.7B Measured concentrations (µg/g dry product) of BDE congeners in mixed plastic fine fraction from WEEE recycling company 1.  

Sample code Mixed plastic 
density<1 

Mixed plastic 
1<density<1.2 

Mixed plastic 
density>1.2 

LIMS No. 13/0482 a  13/0482 b 13/0482 c 

BDE 28 <2.2 <2.3 <1.9 
BDE 47 <2.2 <2.3 <1.9 
BDE 49 <2.2 <2.3 <1.9 
BDE 66 <2.2 <2.3 <1.9 
BDE 71 <2.2 <2.3 <1.9 
BDE 77 <2.2 <2.3 <1.9 
BDE 85 <2.2 <2.3 <1.9 
BDE 99 <2.2 <2.3 <1.9 
BDE 100 <2.2 <2.3 <1.9 
BDE 119 <2.2 <2.3 <1.9 
BDE 126 <2.2 <2.3 <1.9 
BDE 138 <4.3 <4.6 <3.8 
BDE 153 <4.3 <4.6 <3.8 
BDE 154 <4.3 <4.6 <3.8 
BDE 156 <4.3 <4.6 <3.8 
BDE 171 <4.3 <4.6 <3.8 
BDE 183 <4.3 <4.6 16 
BDE 184 <4.3 <4.6 <3.8 
BDE 191 <4.3 <4.6 <3.8 
BDE 196 <4.3 <4.6 4.8 

BDE 197 <4.3 <4.6 <3.8 

BDE209 12 6.4 40 

∑POP-BDEs ND ND 16 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
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Table C.8A Samples collected of WEEE plastic shredder fractions from WEEE recycling company 2. 

LIMS No. Sample description Material 
type 

Origin Destination Source code 

13/0441 Day sample: Batch of grab samples 
(minimal 16 per day). 1 day samples 
are collected 

PS ICT Recycling for new 
products 

PS 

13/0440 Day sample: Batch of grab samples 
(minimal 16 per day). 1 day samples 
are collected 

ABS OWEB* Recycling for new 
products 

ABS 

13/0442 Possible future product. separated 
by further float-sink separation. 

mix OWEB* Further processing. 
then recycling for 
new products 

<1.2 

13/0444 Day sample day 1: Batch of grab 
samples (minimal 22 per day). 

mix OWEB* incineration 21-5-2013 

13/0445 Day sample day 2: Batch of grab 
samples (minimal 22 per day). 

mix OWEB* incineration 23-5-2013 

13/0443 Day sample day 5: Batch of grab 
samples (minimal 22 per day). 

mix OWEB* incineration 3-6-2013 Lijn K3 zink 

13/0446 Possible future product separated by 
further float-sink separation. 

mix ICT further processing. 
then recycling for 
new products 

<1.2 product 4.10 

13/0447 Day sample day 3: Batch of grab 
samples (minimal 22 per day). 

mix ICT incineration 29-5-2013 

13/0448 Day sample day 4: Batch of grab 
samples (minimal 22 per day). 

mix ICT incineration 31-5-2013 
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Table C.8B Measured BDE concentrations (µg/g dry product) in WEEE plastic shredder fractions from WEEE recycling company 2.  

Sample code OWEB  OWEB  OWEB  OWEB  ICT  ICT  ICT  ABS PS 
  d<1.2 lijn k3 zink 21-5-2013 23-5-2013 d<1.2 29-5-2013 31-5-2013 For recycling For recycling 

Recycling Incineration Incineration Incineration Recycling Incineration Incineration 
LIMS No. 13/0442 13/0443 13/0444 13/0445 13/0446 13/0447 13/0448 13/0440 13/0441 

BDE 28 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 47 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 49 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 66 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 71 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 77 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 85 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 99 <9 <5 7 <6 <13 <7 <16 <4 <5 
BDE 100 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 119 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 126 <9 <5 <5 <6 <13 <7 <16 <4 <5 
BDE 138 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 153 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 154 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 156 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 171 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 183 31 32 28 235 120 200 330 7 <9 
BDE 184 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 191 <18 <9 <10 <12 <26 <14 <31 <8 <9 
BDE 196 <18 <9 14 22 52 73 146 8 <9 
BDE 197 <18 13 12 16 26 29 70 16 <9 
BDE 209 1100 840 1170 875 2000 550 3300 540 <23 

∑POP-BDEs 31 32 35 235 120 200 330 7 ND 

∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
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Table C.9A Samples collected of plastic fractions from a producer of recycled plastics. 

LIMS No. Sample description Material type Destination 

13/0814 RDF light Shredder Residue Incineration 

13/0815 RDF heavy Shredder Residue Incineration 

13/0816 RDF extra heavy d>1.25 
contain high PVC levels 

Shredder Residue landfill 

13/0818 ABS pellets New products 

13/0817 PS pellets New products 

 

 

 

13/0818 
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Table C.9B Measured concentrations of BDEs (µg/g dry product) in plastic fractions from a producer of recycled plastics.  

Sample code RDF (light) RDF (heavy) RDF ( extra 
heavy) 

PS pellets ABS pellets 

  Incineration Incineration Landfill Recycling Recycling 

LIMS No. 13/814 13/815 13/816 13/817 13/818 

BDE28 <0.9 <0.7 <0.7 <1.4 <1 
BDE47 2.2 <0.7 <0.7 <1.4 <1 
BDE49 <0.9 <0.7 <0.7 <1.4 <1 
BDE66 <0.9 <0.7 <0.7 <1.4 <1 
BDE71 <0.9 <0.7 <0.7 <1.4 <1 
BDE77 <0.9 <0.7 <0.7 <1.4 <1 
BDE85 <0.9 <0.7 <0.7 <1.4 <1 
BDE99 3.2 <0.7 <0.7 <1.4 <1 
BDE100 <0.9 <0.7 <0.7 <1.4 <1 
BDE119 <0.9 <0.7 <0.7 <1.4 <1 
BDE126 <0.9 <0.7 <0.7 <1.4 <1 
BDE138 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE153 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE154 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE156 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE171 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE183 <0.8 <0.6 <0.6 3.7 67 
BDE184 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE191 <0.8 <0.6 <0.6 <1.2 <0.8 
BDE196 <0.8 <0.6 <0.6 2.4 13 
BDE197 <0.8 <0.6 <0.6 1.9 27 
BDE209 53 6 5.1 44 209 

∑POP-BDEs 5.4 ND ND 3.7 67 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected.  
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Table C.10A Samples of toys for BDE analysis. 

LIMS No. Sample description 

13/0940 DJ mixer 

13/0941 Plastic car 

13/0942 Electric car 

13/0943 Night light 

13/0944 Electric pet 

13/0945 Magical plane 

13/0949 Remote control car 

13/0950 Plastic pistol 

 

 

 

13/0940 

 

13/0943 

 

13/0944 

 

13/0945 

 

  



 

IVM Institute for Environmental Studies 

POP STREAM  83 
   

Table C.10B Measured concentrations of BDEs (µg/g dry product) in plastic toys. 

Sample 
code Toy 1 Toy 2 Toy 3 Toy 4 Toy 5 Toy 6 Toy 7 Toy 8 
  DJ mixer Plastic car Electric car Night light Electronic pet magical plane Remote control car plastic pistol 

LIMS No. 13/940 13/941 13/942 13/943 13/944 13/945 13/949 13/950 

BDE 28 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 
BDE 47 <0.02 <0.02 0.04 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 49 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 66 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 71 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 77 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 85 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 99 <0.02 <0.02 0.06 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 100 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 119 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 126 <0.02 <0.02 <0.03 <0.02 <0.03 <0.01 <0.05 <0.08 

BDE 138 <0.04 <0.04 <0.06 <0.05 <0.06 <0.03 <0.1 <0.2 
BDE 153 <0.04 <0.04 * <0.05 <0.06 <0.03 <0.1 * 
BDE 154 <0.04 <0.04 0.2 <0.05 <0.06 <0.03 <0.1 0.8 
BDE 156 <0.04 <0.04 <0.06 <0.05 <0.06 <0.03 <0.1 <0.2 

BDE171 <0.04 <0.04 <0.06 <0.05 <0.06 <0.03 <0.1 <0.2 

BDE 183 <0.04 <0.04 5.2 <0.05 <0.06 <0.03 <0.1 32 
BDE 184 <0.04 <0.04 <0.06 <0.05 <0.06 <0.03 <0.1 <0.2 

BDE 191 <0.04 <0.04 <0.06 <0.05 <0.06 <0.03 <0.1 <0.2 

BDE 196 <0.04 <0.04 2.1 <0.05 <0.06 <0.03 <0.1 11 
BDE 197 <0.04 <0.04 2.9 <0.05 <0.06 <0.03 <0.1 16 

BDE 209 <0.09 <0.1 44 <0.12 <0.15 <0.06 <0.24 800 
∑POP-BDEs ND ND 5.5 ND ND ND ND 33 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
* co-elution with TBBP-A 
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Figure C.10C Total ion GC-MS chromatogram of the plastic toy pistol (13/0950) and the scanner (13/0469). 
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Table C.11A Samples collected from a car dismantler.  

LIMS No. Polymer type Year of assembly Car type Type of product 

13/0955 PUR 1993 Chrysler Grand voyage Foam from seat 

13/0956 PUR 1992 Buick Park avenue Foam from seat 

13/0957 PUR 1993 Ford Thunderbird Foam from seat 

13/0958 PUR 1999 Chevrolet Transport Foam from seat 

13/0959 PUR 1995 Pontiac Transport Foam from seat 
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Table C.11B Measured concentrations of BDEs (µg/g dry product) in PUF car seats. 

Sample code PUF (car seat) 1 PUF (car seat) 2 PUF (car seat) 3 PUF (car seat) 4 PUF (car seat) 5 

 
Chrysler grand voyage  Buick park avenue Ford thunderbird  Chevrolet transport  Pontiac transport  

  (1993) (1992) (1993) (1999) (1995) 
LIMS No. 13/955 13/956 13/957 13/958 13/959 

BDE 28 <0.006 <0.008 <0.008 0.31 <0.007 
BDE 47 <0.006 0.07 0.25 27 0.06 
BDE 49 <0.006 <0.008 <0.008 0.42 <0.007 

BDE 66 <0.006 <0.008 <0.008 0.4 <0.007 

BDE 71 <0.006 <0.008 <0.008 <0.06 <0.007 

BDE 77 <0.006 <0.008 <0.008 <0.06 <0.007 

BDE 85 <0.006 <0.008 <0.008 1.8 <0.007 

BDE 99 <0.006 0.03 0.04 34 0.07 
BDE 100 <0.006 0.01 0.01 5.7 0.02 
BDE 119 <0.006 <0.008 <0.008 <0.06 <0.007 

BDE 126 <0.006 <0.008 <0.008 <0.06 <0.007 

BDE 138 <0.01 <0.02 <0.02 0.95 <0.01 
BDE 153 <0.01 <0.02 <0.02 4.6 0.05 
BDE 154 <0.01 <0.02 <0.02 2.6 0.04 
BDE 156 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE171 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE 183 <0.01 <0.02 <0.02 0.16 <0.01 

BDE 184 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE 191 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE 196 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE 197 <0.01 <0.02 <0.02 <0.12 <0.01 

BDE 209 0.11 0.26 0.97 17 0.83 
∑POP-BDEs ND 0.011 0.30 78 0.24 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
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Table C.12A Samples of new insulation material and carpet padding made from recyclates. 

LIMS No. Material Product Brand 

13/0946 PUF foam Carpet padding (black) Carpet right (BestBase) 

13/0947 PUF foam (recycled) Carpet padding (blue) Carpet right (BestBase) 

13/0954 PUF foam Sound insulation Gamma (Isoluxe) 

 

 

 

13/0946 

 

13/0947 

 

13/0954 
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Table C.12B Measured BDE concentrations (µg/g dry product) in isolation material and carpet padding. 

Sample code  insulation 1 insulation 2 insulation 3 

 

carpet padding 
(black) carpet padding (blue) sound insulation 

LIMS No. 13/946 13/947 13/954 

BDE 28 <0.002 <0.001 <0.004 
BDE 47 0.005 <0.001 <0.004 

BDE 49 <0.002 <0.001 <0.004 

BDE 66 <0.002 <0.001 <0.004 

BDE 71 <0.002 <0.001 <0.004 

BDE 77 <0.002 <0.001 <0.004 

BDE 85 <0.002 <0.001 <0.004 

BDE 99 0.008 <0.001 <0.004 

BDE 100 <0.002 <0.001 <0.004 

BDE 119 <0.002 <0.001 <0.004 

BDE 126 <0.002 <0.001 <0.004 

BDE 138 <0.003 <0.003 <0.007 
BDE 153 0.01 <0.003 <0.007 

BDE 154 <0.003 <0.003 <0.007 

BDE 156 <0.003 <0.003 <0.007 

BDE171 <0.003 <0.003 <0.007 

BDE 183 0.02 <0.003 <0.007 

BDE 184 <0.003 <0.003 <0.007 

BDE 191 <0.003 <0.003 <0.007 

BDE 196 0.11 <0.003 <0.007 

BDE 197 <0.003 <0.003 <0.007 

BDE 209 0.08 0.014 0.04 
∑POP-BDEs 0.04 ND ND 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
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Table C.13A Samples collected of new products containing recycled plastics. 

LIMS No. Product Shop name 

13/0951 Pen 1 Groene kantoor artikelen 

13/0952 Pen 2 Groene kantoor artikelen 

13/0953 Stapler Groene kantoor artikelen 

13/0948 Senseo (Philips) - 

 

 

 

13/0951 

 

13/0952 

 

13/0953 
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Table C.13B Measured BDE concentrations (µg/g dry product) in new products made from recyclates. 

Sample code recycle 1 recycle 2 recycle 3 recycle 4 
  pen 1 pen 2 Stapler Senseo Philip 

LIMS No. 13/951 13/952 13/953 13/948 

BDE 28 <0.005 <0.04 <0.02 <0.25 
BDE 47 <0.005 <0.04 <0.02 <0.25 

BDE 49 <0.005 <0.04 <0.02 <0.25 

BDE 66 <0.005 <0.04 <0.02 <0.25 

BDE 71 <0.005 <0.04 <0.02 <0.25 

BDE 77 <0.005 <0.04 <0.02 <0.25 

BDE 85 <0.005 <0.04 <0.02 <0.25 

BDE 99 <0.005 <0.04 <0.02 <0.25 

BDE 100 <0.005 <0.04 <0.02 <0.25 

BDE 119 <0.005 <0.04 <0.02 <0.25 

BDE 126 <0.005 <0.04 <0.02 <0.25 

BDE 138 <0.01 <0.07 <0.04 <0.50 
BDE 153 <0.01 <0.07 <0.04 <0.50 

BDE 154 <0.01 <0.07 <0.04 <0.50 

BDE 156 <0.01 <0.07 <0.04 <0.50 

BDE171 <0.01 <0.07 <0.04 <0.50 

BDE 183 <0.01 <0.07 <0.04 <0.50 

BDE 184 <0.01 <0.07 <0.04 <0.50 

BDE 191 <0.01 <0.07 <0.04 <0.50 

BDE 196 <0.01 <0.07 <0.04 <0.50 

BDE 197 <0.01 <0.07 <0.04 <0.50 

BDE 209 <0.026 <0.18 <0.09 <1.26 
∑POP-BDEs ND ND ND ND 
∑POP-BDEs = sum of tetra-, penta-, hexa-, and heptaBDEs 
ND = not detected. 
 


