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Summary
Recycling of plastics is a critical step toward the realisation of a sustainable society. Plastic is a
fitting material to recycle, as it often can easily be melted and formed into new products. Plastic
recycling is therefore an easy process with pure plastics, however, most of the plastics that are
recycled today are not pure and contain additives and/or impurities. Some of these additives
can be hazardous substances that could be harmful for both humans and the environment. It
is therefore important that these hazardous substances are not recycled and transferred into
new products. To ensure a safe use of plastics, these substances are today regulated in new
products, but old products could still contain these substances (legacy chemicals). To comply
with legislation it is therefore critical that these substances are removed during the recycling
process. There are however many hazardous substances that are yet not regulated, which may
also be present in products and therefore recycled material.
Waste Electronic and Electrical Equipment (WEEE) and End-of-Life Vehicles (ELV) are two
of the materials streams that contains a high amount of legacy chemicals. These streams have
been associated with spreading legacy chemicals after recycling. In several reports WEEE
plastics have been identified as the source of brominated flame retardants (BRF) found in toys
and everyday items. According to the EU regulation the use of certain BFRs is not permitted in
new products or articles above a certain value. Recyclers and resellers of the recycled plastic
often specified that the products should not be used in toys, medical equipment of food contact
application, yet BFRs from WEEE can still be found in these products. This could mean that
either producers that use recycled material in new products do not follow the
recommendations from the recyclers, or that the recycled material does not fulfil the
regulations. Another possibility for the findings of legacy chemicals in these items could be a
meagre follow-up on imported plastics.
In this study the Research Institutes of Sweden (RISE) has, on behalf of the Swedish
Environmental Protection Agency (Naturvårdsverket), investigated the content of legacy
chemicals in recycled plastics that have been processed in a recycling facility. The plastics
originated from WEEE and ELV and have been gathered from recyclers across Europe. A
number of different legacy chemicals were investigated, both inorganic (Cd, Pb, Hg) and
organic substances (flame retardants and plasticisers). To simulate a real case scenario and to
get better measurement accuracy, all samples were injection moulded. The analysis of the
samples was performed using X-ray fluorescence spectrometry (XRF), Inductively coupled
plasma (ICP) and Gas chromatography with a Mass spectrometer (GC-MS). All the processing
and analysis (except for SCCP/MCCP)) were done by RISE which gives good control over the
analysis process, which are important when interpreting the results. In total 54 samples of PE,
PP, ABS and PS, were gathered and tested. It was found that all but two samples contained
legacy chemicals below the regulated values. The two samples that did not meet the legal limit
had a HBCDD content above 100 ppm. All the tested materials contained detectable amounts
of bromine, and 15 samples contained detectable amounts of regulated BFRs. None of the
detected regulated BRFs were above 186 ppm. Most of the materials also contained detectable
amounts of cadmium and lead.
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Definitions
EEE, Electric and Electronical Equipment
WEEE, Waste Electric and Electronical Equipment
ELV, End-of-Life Vehicle
SDA, Small Domestic Appliances
LDA, Large Domestic Appliances
PS, Polystyrene
HIPS, High Impact Polystyrene
PP, Polypropylene
PE, Polyethylene
ABS, Acrylonitrile Butadiene Styrene
PC, Polycarbonate
BFR, Brominated Flame Retardants
PBB, Polybrominated Biphenyls
PBDE, Polybrominated Biphenyl Ethers
DBDPE, Decabromodiphenylethane
TBBPA, Tetrabromobisphenol A
HBCDD, Hexabromocyclododecan
SCCP/MCCP, Sort/medium Chained Chlorinated Paraffins
DEHP, Diethylhexyl Phthalate
TCEP, (Tris(2-chloroethyl) phosphate)
XRF, X-ray Fluorescence Spectrometry
GC-MS, Gas Chromatography – Mass Spectrometry
ICP, Inductively Coupled Plasma
POP, Persistent Organic Pollutants
RoHs, Restriction of the use of certain Hazardous Substances
REACH, Registration, Evaluation, Authorisation and restriction of Chemicals
SVHC, Substances of Very High Concern
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1 Aim
A safe use of recycled plastics is one of the most critical parts in realizing a circular economy
for plastics. In order to use recycled plastic safely, a high-quality control system of the materials
leaving the recycling plants needs to be in place. This is extra important when it comes to the
treatment of plastic waste that originates from ELV or WEEE, which can contain significant
amounts of hazardous substances before it is recycled. The aim of this study is to get a better
overview of the current state of certain regulated chemicals in treated plastics from recycled
ELV and WEEE. The focus of this study is the state of the material that comes out of the
recycling plants instead of what is going into the processes that which was the focus of several
previous studies. The data gathered in this report is intended to be used in future discussions
about regulations of chemicals in recycled plastics and how a safe handling of these material
streams can be achieved. This could lead to a more resource effective way of using plastics.
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2 Scope of the study
This study is produced on behalf of Swedish Environmental Protection Agency
(Naturvårdsverket) and performed by the Research Institutes of Sweden (RISE). The main
objective of the study was to perform a mapping and investigation of the status of the content
of regulated chemicals in processed WEEE and ELV plastics gathered in Europe. All the plastic
tested in this study has been processed through a recycling plant. Plastic samples from
different recyclers across Europe have been gathered. The samples were sourced, prepared,
tested and analysed by RISE. In order to increase the relevance and impact of the study, a
steering group with members from industry and regulatory authorities was formed. The
steering group contains members from Volvo Cars, Electrolux, Stena Recycling, Swedish EPA
and the Swedish Chemicals Agency. The results of the study are presented in this report and
can be used in ongoing and future discussions about recycled plastics containing restricted
substances/legacy substances.
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3 Background
10 million tonnes of electronic and electrical equipment (EEE) were placed on the European
market in 2016 (1). The same year 4.5 million tonnes of waste electronic and electrical
equipment (WEEE) were reported as separately collected. During 2016 Europe also collected
6.5 million tonnes of used vehicles, often called End-of-Life Vehicle (ELV). Together this is
more than 11 million tonnes of waste, in ELV around 25% of this is some sort of plastic and
from WEEE the number is roughly the same 20-35 wt%. The plastic used both in electronics
and cars often has chemical additives to improve processing, functionality and lifetime. Some
of these additives can be harmful for humans and the environment and are therefore regulated
within the European Union. In order to meet EU goals of recycling 75% of WEEE and 85% of
ELV materials, recycling the plastic is critical (2; 3) . The recycling of this plastic can be a
challenge because of the legacy chemicals found in these materials. Unfortunately, this also
means that a large proportion of the materials goes to incineration, due to limitations in
currently available waste treatment methods. This process can generate electricity and heat
from the waste, however it also releases CO2 together with toxic gases, leaves toxic ash and
removes a significant amount of the value that is stored in the material (4) (5) (6). For a more
sustainable and circular use of material, incineration should be minimized.
During the last decade recycling facilities have made great improvements in sorting and
separating plastic waste streams. A possible reason for the development of these improvements
is together with the above-mentioned producer responsibility directive, the stricter regulations
such as (EC) No 1907/2006 (REACH) and (EC) no 850/2004 (POPs Regulation), that EU put
in place in the beginning of the 21st century.
There has been an absence of studies or data on the current situation of legacy chemicals in
recycled plastics from ELV and WEEE. Many studies have instead been focused on the
chemical residues in plastics that go into the recycling facilities, or how much additives there
are in certain products (7; 8; 9; 10). There are a lack of investigations exploring the plastic that
comes out of the recycling plants, which is the plastic that will be placed on the market. Today’s
recycling facilities have the possibility to both separate different types of plastic fractions and
to remove certain additives. On behalf of the Norwegian Environment Agency, Swerea IVF
made a study on brominated flame retardants from recycled WEEE. It was found that the
plastic that had gone through a recycling facility with proper processing steps had amounts of
regulated flame retardants well below the regulated limits (11). Although this study showed
that the recycling processes used today are efficient a report from Arnika (12) reveals that
brominated flame retardants (BFR) such as decaBDE can be found in toys and everyday
household items. The report states that BFRs are a sign of recycled WEEE plastic, however the
origin of the recycled WEEE plastics found in the toys were unknown. The regulations on
plastic waste handling are different outside Europe (13) (14), which means that if companies
in Europe import products or materials from outside Europe there could be a risk of
contamination of legacy substances . The recycled WEEE plastic originating from the EU has
limited usage and is not intended to be used in children’s toys, medical or food contact
applications. In order to be used in such applications the material needs to be controlled in a
more detailed manner, which would not be feasible using plastics from WEEE and ELV.
Legacy chemicals in recycled plastic from WEEE and ELV is an important topic (12) and
recently the European Commission released a report on waste related issues in the POPs
regulations (15). In this report several problematic substances and how they could be regulated
4

are discussed. For instance, the regulated limits for chlorinated and brominated flame
retardants are discussed and the limits suggested in that report are stricter than today’s values.
The study in this report is an investigation and mapping of the current status of legacy
substances in processed recycled plastics originating from WEEE and ELV recycled within
Europe. The project was performed between September 2018 and March 2019, most of the
materials where collected during the fall of 2018 and some of the material was collected prior
to the project start, during 2017. Data analysis and report was done between January and
March 2019.
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4 Plastics in WEEE and ELV
Cars and electronics are today produced using considerable amounts of plastics, from large
front bumpers on a car to small parts on printed circuit boards. By using plastic in a car instead
of metals the weight can be reduced, this is also valid for consumer electronics where plastics
decreases weight and makes it possible to construct products that would otherwise not have
been possible to make. In a car there is on average around 25 wt% plastics (depending on size,
model and year), the most used sorts are PP, ABS and PS (16). In Electronic and Electrical
Equipment (EEE) the amount of plastics is also around 20-35 wt%, but here ABS is the most
used followed by PP, PS and PC (7).
There are four major plastics that are used in EEE and cars today which are the most important
from a recycling point of view. These plastics are used in large volumes and are possible to
recycle, both in a technical way and with economic benefits. The recycled plastic can be used
in a variety of applications but is often used in applications with lower demands on material
quality, an example of this is transport pallets.
•

•

•

•

Acrylonitrile butadiene styrene (ABS) is versatile and rigid ter-polymer that can
be modified to be more rubber like depending on the composition of its three
components. It has good impact resistance and is therefore often used in car parts such
as bumpers or in electrical equipment for protective casings. ABS is the most used
plastics in EEE (7) (9).
Polypropylene (PP) is one the most used plastics in the world. It is a rigid and
versatile plastic that has good fatigue properties. PP has very good chemical resistance
and is a good electrical insulator. This makes it excellent for using in many electronic
equipment and car parts such as bumpers (16) (17).
Polyethylene (PE) can be divided into three main categories; low-density
polyethylene (LDPE), high density polyethylene (HDPE) and liner low density
polyethylene (LLDPE). LDPE is soft and flexible and is often used in cable insulation
or films (7). HDPE is more rigid and is used for injection moulding or melt blown
applications such as tanks for fuels or other liquids (17)
Polystyrene (PS) is a highly transparent, hard and brittle plastic. It is often used in
applications where transparency is important, such as packing or other glassy parts.
Another important use of PS is foamed PS, often known as Styrofoam or expanded
polystyrene (EPS). EPS is used as packaging and building material. Because PS is very
hard and brittle in its natural form it is often co-polymerised to increase its impact
resistance. As mentioned above it can be used together with butadiene and acrylonitrile
to form ABS or it can be co-polymerised only with butadiene to form high-impact
polystyrene (HIPS). HIPS is widely used in large household appliances such as
refrigerators and as well as in cars. PS is fairly chemically inert but is affected
significantly by sunlight if not stabilised.
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4.1 Additives
Additives are critical for the plastics and are used in almost all commercial plastics today. The
additives can be used for a variety of different purposes, such as antioxidant, stabiliser, curing
agents, fillers, pigments, plasticisers, flame retardants etc. Plastics can contain several
different additives and can also contain additives from the same category but with different
chemistry. The additives used in plastics have been widely researched, discussed and debated.
Many of the additives used in the early plastics were later found out to be harmful for humans
and/or persistent in nature. As more research was done on the effects of additives on humans
and the environment, regulations on what substances where acceptable to use in plastics
started to appear. Today the development and sale of new additives is faster than the regulation
of chemicals. This means that some of the additives that are allowed today might be assessed
as harmful and therefore be restricted in the future. The reason for this is that producers and
vendors can sell the additives before any legislator has time to evaluate that substance. In the
following text several regulated additives are described. More information about the
restrications of additives in plastics can be found in chapter 5.

Brominated flame retardants (BFR)
Flame retardants are used in many types of plastic materials and are simply added to minimise
the risk of a fire spreading in a material. Brominated flame retardants are a group of chemicals
that contains bromine which effectively hinders flame propagation by capturing free radicals
(18). Typically, between 10-30 wt% of BFR are added in plastics to get desired effects (15).
BFRs are used in many applications where there is a high risk of fire, it is therefore often found
in electrical equipment such as insulating foams, cables, textile in cars or printed circuit boards
(19). The use of flame retardants is in many applications mandatory due to fire safety
regulations. These regulations are one of the key reasons why so much BFRs are added in
plastics (18). According to an investigation carried out by the Danish EPA (18) there are more
than 70 different BRFs that have been commercialised during the years, however many of them
are now regulated/banned and today around 30 of these are in use. The regulations are applied
on a few groups of flame retardants that have been revealed to be harmful for both humans
and the environment. One of the more debated and reported groups today are the poly
brominated biphenyl (PBB) and poly brominated biphenyl ethers (PBDE) which are regulated
both in the POPs and RoHs. Both BPP and PBDE have two phenyl rings that can contain in
total 10 bromine atoms (Fig. 1). A higher number of bromine atoms means that a lower
amount of the additive needs to be added to get the same flame-retardant property. DecaBDE,
which contains 10 bromine atoms has not yet been regulated in the POPs regulation however
it is included in the RoHS regulation as a sum of all PBDE. In POP, up to octa- and nonaBDE
are regulated, although there now ongoing negotiations on what limit to restrict decaBDE in
POP. PBDEs with a low amount of bromine are smaller molecules and are believed to be more
easily absorbed in the human body, compared to the bulkier PBDEs with high amounts of
bromine (20). The low bromine content PBDEs are also more easily metabolised to other
molecules that might have toxicological effects (18). PBDEs have a generally low acute toxicity,
however they have been shown to cause reproductive harm in rats (21).
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Figure 1, Chemical structure of PBB and PBDE.
PBDEs are called additive BFRs, which means that they are mixed together with the polymer,
another type of BFRs are reactive BFRs which are chemically bound to the polymer. Reactive
BFR results in a good distribution of the BFR and hinders diffusion out of the plastic. A
common type of reactive BFR is TBBPA, Tetrabromobisphenol A (TBBPA), which is often used
with polycarbonates or epoxy resins for e.g. circuit boards. TBBPA can also be used as an
additive BFR in ABS or PS (HIPS) (22). No health effects on humans have been identified with
TBBPA, however it could degrade to bisphenol-A in anaerobic conditions which could be
harmful for animals and the environment (23). TBBPA is not regulated in the EU.
Hexabromocyclododecan (HBCDD) is a cycloaliphatic BFR and has been one of the most used
non aromatic BFRs. It is mainly used in Expanded Poly Styrene (EPS) for rigid thermal
insulation panels, but can also be used in textiles in cars and furniture. HBCDD is regulated in
POPs at 100 ppm since 2016.

Short and medium chain chlorinated paraffins (SCCP/MCCP)
Chlorinated paraffins consist of chlorinated alkane chains usually containing between 10 and13
carbons. If the alkane chain is between 14 and 17 carbons it is called medium and if its longer
than 17 it is called “long chained chlorinated paraffin”. SCCP is mainly used in metal working
as lubricants, however a large amount of SCCP is also used as flame retardants or plasticisers
in plastic applications, mainly in PVC. It is also found in paints, coatings, adhesive and
sealants. SCCPs are often used in a concentration between 4 to 17 wt%, depending on the
application (24). SCCP is listed under the POP regulation with a limit of 1500 ppm, MCCP is
not regulated within any EU legislation and is often used as an alternative to SCCP, although
the Swedish Chemicals Agency have sent a proposal to the EU for setting a restriction of MCCP
in RoHS to 1000 ppm (25). SCCPs is classified as very toxic to aquatic organisms and harmful
for the environment (14), it is also possibly carcinogenic to humans according to EG 1272/2008
(26).

Plasticisers (Phthalates)
Plasticisers are used in plastics to make them softer and more flexible. One of the most used
types of plasticisers are phthalates. This type of plasticiser consists of a phthalic diester in an
ortho position, the most know is probably di-ethylhexyl phthalate (DEHP). This plasticiser is
widely used in PVC and is produced on a large scale (27). Although it is mainly used in PVC, it
can also be used to plasticise other brittle plastics such as PS (28). Many Phthalates have been
shown to be toxic for both humans and animals (29). Phthalates used in plasticized PVC
flooring have been associated with allergic symptoms in children. It has also been found that
phthalates are toxic for the reproductive system and has been linked to disturbed development
8

at younger ages (30) (31). DEHP is not regulated in RoHs, but will be regulated together with
BPP, DBP and DIBP at 1000 ppm on 22 June 2019. These plasticisers will also be restricted in
REACH in 2020.
Companies that previously used DEHP in the product have now started using dioctyl
terephthalate (DEHT), which has the same chemical formula as DEHP, but has the diester in
a para-position instead of ortho as DEHP (32). This small change significantly changes the
mechanism in how the human body interacts with the chemical (32).

TCEP (Tris(2-chloroethyl) phosphate)
TCEP are used as flame-retardant treatment of products where fire protection is required. It
can also be used as plasticizers in plastics to make them softer and more flexible.
TCEP have been shown to be persistent, bioaccumulative and toxic and the substance is
regulated in SVHC list Candidate List of Substances of Very High Concern for authorization of
the Regulation (EC)No 1907/2006 of the European Parliament and of the Council (REACH)
with a limit value of 1000 ppm.

4.2 Inorganic additives/contaminants
Cadmium (Cd)
Cadmium compounds have commonly been used as catalysts and pigments in plastics to get
deep reds and bright yellow colours. The pigments have excellent temperature resistance (7).
cadmium is also used within electronic products for contacts and solder joints, it can also be
found in batteries (Ni-Cd) (14).
Cadmium is highly toxic to humans and plants and has the strictest regulation of all the heavy
metals in the RoHs directive at 100 ppm. Inhalation of fumes or dust from cadmium can affect
the respiratory system and since it ids a cancerogenic, exposure can also cause lung cancer.
cadmium also has the ability to accumulate in the body, which after long term exposure, can
results in kidney and bone damage.

Lead (Pb)
Lead has been used as pigments in plastics, although the use of some lead-based pigments has
been banned in Europe since 1989 (directive 89/677/EC), however there are still some lead
pigments that are allowed to be used. Lead has also been used as a stabiliser in plastics such as
PVC, however in 2000 the European Stabiliser Producer Association (ESPA) and the European
Plastic Converters. (EuPC) decided to substitute the use of lead-containing stabilising agents
until 2015, this initiative dramatically decreased the use of Lead in plastics.
A major reason to find Lead in WEEE or ELV is that it is often used as a main component in
soldering used for instance in circuit boards. Pb can also be found in old CRT TV-monitors as
lead oxide in the glass.
Lead is highly toxic for humans and plants (33) and have a high persistence in the environment.
Like cadmium, lead also easily accumulates in the body making repetitive low exposures
harmful and can cause damage to the brain and nervous system. It can also cause severe
9

damage on the reproductive systems, the kidneys and the cardiovascular system (33). Lead has
also been shown to have even higher potential to damage brain functions if children are
exposed. High exposures of lead can cause vomiting, convulsions, coma or death. Lead has a
regulated value of 1000 ppm in RoHs.

Mercury (Hg)
Mercury has historically been used in pigments in plastic and catalyst for the production of
PVC, however nowadays mercury is not used to any large extent as pigment, but is still found
in some PVC processes. In electronic applications it is found in batteries, sensors and lighting.
Mercury is highly toxic and can cause serious damage to the brain and nervous system. When
mercury is left in the environment it can be converted to its organic form, making it more prone
for uptake in the human body or animals. Mercury has a regulated value of 1000 ppm in RoHs.
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5 Restrictions
There are a number of different regulations and directives to restrict the use of different
chemicals and substances within the EU. Some are general for all types of materials and some
are product related. The end product or article containing the recycled material must therefore
be considered. In this report the most relevant regulations and directives 1 from a chemical
content perspective within EU are described.
RoHS directive 2011/65/EU, on the restriction of the use of certain hazardous
substances in electrical and electronic equipment
The RoHS directive is aimed at electrical and electronic equipment and was “started” as way
to promote collection, re-use and recycling of this type of equipment together with the WEEE
directive2. In the RoHS directive heavy metals such as lead, mercury, cadmium and chromium
are restricted, but also organic substances such as the brominated flame retardants, PBB and
PBDE (Table 1). From July 2019 four phthalates, DEHP, BBP, DBP and DIBP are included in
the RoHS directive.
POPs regulation (EC) no 850/2004, on persistent organic pollutants
A global action against persistent organic pollutants was taken during the UNs Convention in
Stockholm in 2001. In 2004 the convention was adopted in the EU legislation as regulation
(EC) no 850/2004 which means that the regulation has a direct application in all EU countries
in the same way as national legislation. The POPs regulation restricts, among others,
substances such as brominated flame retardants (PBDE and HBCDD) and SCCPs. Substances
that pose a risk of being used in, or contaminated, plastic material and are regulated in POPs
are listed in Table 2.
REACH regulation (EC) no 1907/2006, concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH)
REACH (EC 1907/2006) aims to improve the protection of human health and the environment
through the better and earlier identification of the intrinsic properties of chemical substances.
This is done by the four processes of REACH, namely the registration, evaluation,
authorisation and restriction of chemicals. Substances with unacceptable risks are restricted.
Certain hazardous substances called SVHC (Substances of Very High Concern) shall not be
used in the EU unless an authorisation have been granted.
Substances that pose a risk of being used in, or contaminated, plastic material and are
regulated in REACH annex XVII, are listed in Table 3. The table also lists SVHCs on the
candidate list for authorisation, that also pose a risk of being used in, or contaminated the
material, since these substances can be considered information duty (according to article 33 in
REACH) and /or authorisation (annex XIV)
.
End of Life Vehicle directive, 2000/53/EC
The directive aims at reduction of waste arising from end-of-life vehicles, i. e. passenger cars
and light commercial vehicles. The use of certain heavy metals such as cadmium, lead, mercury

1

Regulations as the Food Contact Regulation and the Toy Safety Directive are not listed here as they are considered
not to be in the scope for recycled plastics today and in this report
2
WEEE Waste of Electrical and Electronic Equipement 2012/19 EU
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and hexavalent chromium substances are regulated in the ELV directive. The limit values in
homogenous material are the same as in the RoHS directive.

Table 1, Regulated substances according to EU directive 2011/65/EU, RoHS

Substance

Regulated limit
(by weight in
homogenous
material)
%

ppm

Lead (Pb)

0.1

1000

Mercury (Hg)

0.1

1000

Cadmium (Cd)

0.01

100

Hexavalent chromium

0.1

1000

Polybrominated biphenyls (PBB)

0.1

1000

Polybrominated diphenyl ethers
(PBDE)

0.1

1000

Phthalates DEHP, BBP, DBP and DIBP

0.1

1000

Comments

The restriction is the same in ELV directive.
Exemptions exists (in both RoHS and ELV), but
not
material
The regarding
restrictionplastic
is the
same in ELV directive.
Exemptions exists (in both RoHS and ELV), but
not
material
The regarding
restrictionplastic
is the
same in ELV directive.
Exemptions exists (in both RoHS and ELV), but
not regarding
material
The
restrictionplastic
is the
same in ELV directive.
Exemptions exists (in both RoHS and ELV), but
not regarding plastic material

Table 2, Relevant regulated substances according to EU regulation 850/2004, POPs
Substance

Regulated limit
(by weight)
%

ppm

Hexabromcyklododecane (HBCDD)

0.01

100

Sum of tetra, penta, hexa and hepta
DBE

0.1

1000

Short chain chloroparaffines (SCCP)

0.15

1500

12

Comments

In the article.

Table 3, Relevant regulated substances according to REACH regulation 1907/2006
Substance

Regulated limit
(by weight)

Comments

%

ppm

Lead (Pb)

0.05

500

Limit regards jewellery and article or part of articles that
may be mouthed by children, (entry 63, annex XVII to
REACH). Exempted are product that fall under the RoHS
directive.

Cadmium (Cd)

0.01

100

In plastic materials3, paint and painted articles (entry 23,
annex XVII to REACH).

Phthalates (DEHP, DBP and
BBP)

0.1

1000

Limit regards plasticised materials in toys and childcare
articles (entry 514, annex XVII to REACH).

Phthalates (DINP, DIDP and
DNOP)

0.1

1000

Limit regards plasticised materials in toys and childcare
articles which can be placed
in the mouth by children. (entry 52, annex XVII to
REACH).

Hexabromcyclododecane
(HBCDD)

0.1

1000

SVHC5 (authorisation and information duty)

Phthalates (DEHP, DBP, BBP
and DIBP, DPP, DMEP, DIPP,
N-pentyl-isopentylphthalate)

0.1

1000

SVHC (authorisation and information duty)

TCEP

0.1

1000

SVHC (authorisation and information duty)

Lead compounds

0.1

1000

SVHC (some lead compounds are listed in annex XIV,
others and lead itself are on the candidate list)

Cadmium compounds
Phthalates (DIHP, DPP, DCHP
and others. For full list see EG
1907/2006)

0.1
0.1

1000
1000

SVHC (information duty)
SVHC (information duty)

SCCP
DecaBDE

0.1
0.1

1000
1000

SVHC (information duty)
SVHC (information duty)

3

In some application of recovered PVC (poly vinylene chloride) plastic the limit value of cadmium is set to 0.1 %
by weight. PVC is out of scope in this report.
4
In July 2020 the scope is extended with DIBP and to cover plasticised material in all articles (exempted product
under RoHS and motor vehicles within the scope of Directive 2007/46/EC)
5
SVHC (substances of very high concern), where authorisation will be needed for the use of these substances
within EU. Before authorisation come into force the SVHC are on the candidate list for authorisation, and
information shall be given if the SVHC content is above 0.1 w% in the material (information duty).
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6 The recycling process
Plastics are in theory an excellent material to recycle as they can often be melted and reformed
into new products with low mechanical or chemical deterioration. However, this is only valid
for pure plastic without contaminants or blends of plastics. Used plastics are often gathered on
recycling stations where different plastics are mixed and contaminated. In order to recycle such
plastic a cleaning and separation process is needed. This process is required for almost all used
plastics, both food grade materials as well as WEEE or ELV plastic. The aim of the process is
to get as clean plastic fraction as possible, both in terms of plastic type and to get rid of
contaminants. The cleanliness of plastics is critical when it is going to be processed into a new
product. If it contains a significant amount of contaminants or incompatible plastic types the
mechanical properties of the material would often be so poor that it would not be possible to
sell or use in new products. In many cases it is not only the mechanical properties that makes
recycling of plastic difficult, but also the additives or fillers that can be used in plastics. As
mentioned in chapter 4 and 5, many additives are hazardous and regulated and are therefore
not allowed nor wanted in the recycled plastic. In plastic that originated from food contact
materials this is often no problem, but for plastics from WEEE And ELV this is one of the major
obstacle for material recycling. Not only do these material fractions contains hazardous
additives they also contain valuable metals which are essential to recycle. One of the driving
forces why WEEE is recycled is the high value of the metals extracted in the recycling process.
This extraction also leads to a metal free plastic fraction which can be further purified in order
to be sold and used in new products. A detailed description of the recycling, separation and
value chain of these materials appears in this chapter.

6.1 Measuring restricted chemicals
Measuring each possible restricted chemical in recycled plastics is a very time-consuming task
requiring highly specialized equipment and staff. A large number of chemicals need to be
quantified but once performed for a certain waste stream, the information is there and can be
used to qualify the waste. This kind of studies have been made for both WEEE and ELV (34)
(35), and shows the amount and type of restricted chemicals present in these waste streams.
To our knowledge, there is no information available regarding the levels after the recycling
processes.

6.2 Separating restricted chemicals
Density separation is based on the fact that most known restricted chemicals are either only
present in heavy plastics such as PVC and polycarbonate (density above 1.1) or increases the
density of lighter plastics so that they become heavy, for example brominated flame retardants
in PS and ABS. It works by collecting the floating fraction from a water bath, thereby leaving
the heavy plastics containing restricted chemicals in the sinking fraction. The floating fraction
is sold as regrind/flakes further processing into pellets. The sinking fraction can either be
further processed in other water baths with different densities or sent for destruction. If salt is
used to increase the density of the water, it is impossible to accidently make a water bath with
a density so high that the separation process does not work with brominated flame retardants
since the maximum concentration of salt in water at ambient temperatures is 26%, giving the
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water bath a density of 1.19.g/cm3 (36). This results in that the heavy plastic will not float and
will therefore not be collected for material recycling.

6.3 Quality systems
Quality systems are today used in nearly all products were there may be a risk of exposure in
humans to harmful substances. The main principle behind all these systems is to certify
processes rather than products and then measure indicators to make sure that the process is
performing to satisfaction. Applying these principles to plastics recycling means that the
plastic processor only needs to verify that a certified process has been performed. It is known
that a complete separation of brominated flame retardants is not possible in today’s recycling
process. The reason for this is sometimes that a plastic with high BFR concentration is attached
or imbedded in a lighter plastic which than can float in the density separation. In order to have
a control system for recyclers they can use the relationship between a certain BFR and an
indicator. An example of this could be to check bromine content using an XRF and compare
that to the amount of a certain BFR. If a relationship is found between the bromine content
and the concentration of the BFR a prediction of the BFR content on each batch can be made.
Since the density separation reduces the bromine concentration from 20 000 ppm to below
1000 ppm (11), it has been used by some plastic processors as an indicator to verify that the
separation process has been performed. The concentration can be checked rapidly with
industrial versions of XRF or sliding spark spectrometer. A handheld XRF can quickly give
information about metal and bromine content in plastics down to around 10 - 50 ppm. The
sliding spark method has recently been questioned since it has a detection limit close to the
current permitted threshold for PBDE:s of 1000 ppm. The findings in this and another report
(11) shows however that as long as the measured bromine concentration is below 1000 ppm,
the total amount of PBDE:s will be lower than 160 ppm, with a strong expected decrease in the
years to come. The sliding spark can therefore be used to verify that an efficient density
separation has been made.
Restricted chemicals being recirculated in the system for eternity is often mentioned as an
argument against recycling. It is however only economically viable to sort out 40% of the
collected plastics for mechanical recycling (37) (38). The rest is sent for destruction or energy
recycling. Assuming that the use of plastics in these products does not increase, that the 50%
collection target can be reached within all of the EU and that all of the mechanically recycled
plastics is reused by the electrical and automotive sectors, then there will still only be a
maximum of 20% recycled plastics in each new product sold on the market. If the average
amount of decaBDE is <50 ppm after the first material recycling, and with a 20% use of
recycled plastic in new products there would be <10 ppm left decaBDE after the second
material recycling loop, meeting the target for decaBDE in new products after only a few years.
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6.4 Recycling value chain for plastics
The recycling value chain for plastics can briefly be described by the following steps (Fig. 2
and 3).
1. Collecting items for recycling, often via a national recycling system. In this step, a presorting is made by the consumer. The result depends on how well the system has been
designed and implemented. Collection statistics for WEEE from Eurostat shows that in
2016, out of 10 Mton electronic products put on the market, about 4 Mton was collected
and sent for recycling, while about 2 Mton was exported for recycling outside EU. At
least 20% of WEEE is plastic materials giving a total volume of 1.2 Mton available
plastics from the WEEE sent for recycling.
2. Sorting the items is made to remove contaminations and form different homogeneous
material streams, each one with a clearly dominating plastic type. Sorting can be done
manually or with machines. Examples:
a. Removing items containing batteries from small domestic appliances before
further processing. This step is expected to be replaced by machine sorting
using image recognition and fast-picking robot arms.
b. Sorting refrigerators based on the coolant used.
3. Separating plastic from metal and different plastics from each other. The separation
can be made before or after the items have been reduced in size by a series of shredders
and grinders. During the size reduction processes the plastic and metals are mixed to a
coarse mix, this additional mixing actually makes separation of plastic and metals
easier. The final step is usually a washing of the flakes.
a. Magnets and eddy currents are used to separate metals.
b. Density separation is a method where the materials are poured into a water
tank. The floating fraction is collected and sold for further processing while the
sinking fraction is used in another water bath. The method removes the
restricted chemicals such as brominated plastics, phthalates, lead, PVC,
bisphenol-A etc. A washing line normally contains a sink-float tank, which is
basically a density separation.
c. Electrostatic separation is also very efficient in removing plastics containing
restricted chemicals. The method uses differences in electrostatic charging
potential to sort plastics. Only works after size reduction.
d. IR-sorting can be used to sort different plastics from each other. Exists in
variants that can be used before or after size reduction.
4. Regranulation of the sorted plastic fractions is done by melting them in an extruder,
filtering out solid contaminants (non-melting plastics, parts of circuit boards etc) and
forming pellets. The process ensures mixing on a molecular level which creates
homogenous plastic properties. Plastic recyclers buy many types of density separated
plastics and mix them together to meet customer demands for certain properties. After
the regranulation step, the recycled plastic has become a new product and can be sold
on the market. A technical datasheet (TDS) and a material safety datasheet (MSDS) are
made for the new material. The MSDS should inform the buyer of the fact that the
16

plastic is made from recycled post-consumer waste and should not be used in toys,
medical devices or food-contact items. The TDS datasheet supplies the buyer with
information regarding the technical properties of the material.
Producing new items by one of many processes such as injection moulding, extrusion,
mould blowing etc. The producing companies take responsibility for the products they put on
the market.
The overall steps from collection of waste to a product

Collection

Sorting

Separation

Pelletizing

Production

Separation

Sorting

Detailed description of the individual steps in a general WEEE recycling plant

Old and new
refrigerators.
Remove compressor

Presorting

Shredder + grinder
8-12 mm flakes

Size reduction

Conveyor belts with
magnets and eddy
currents

Metal separation

Water bath density
1.0 g cm-3

Density separation 1

80%PP
20%PE
Organic residues

Water bath density
1.08 - 1.10 g cm-3

Density separation 2

90%PS
10%ABS

50% of total volume
99% of brominated

Combustion

Analysed in this
report

To
pelletizing
process

Analysed in
this report

Figure 2, Schematic overview of the sorting and separation process in a typical recycling
facility, showing the different steps of a refrigerator from sorting to separated plastic and
incineration.
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From density separations

Product

Pelletizing

Separation

Sorted waste, not
classified as
hazardous.

Increase flake purity by
IR, electrostatic or
floatation.
(optional step)

90%PS
10%ABS

Additional
separation

Reduce variations.
Adding other raw
materials to meet
customer demands.

Mixing

Industrial
PS waste

95%PS
5%ABS

Mixing on molecular
scale.
Filtration of solid
residues.
Pellets = uniform size
and easy flow in
processing => reduces
scrap at customer.

Regranulation

Samples taken and
analysed.
TDS and MSDS.
Waste => new material.

Recycled PS
sold on market

Analysed in
this report

Forming new
products
Figure 3, Schematic overview of the steps included after the separation of the plastic. These
steps can be performed by either the recycler or at a designated compounder that produces
materials according to data sheets.
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7 Materials and collection
The materials investigated in this study were gathered from recyclers across Europe (Table
4). All materials are commercially available and can be ordered regularly by the tonnage. All
materials have gone through a recycling process which have included a density bath to both
separate different plastics and remove brominated flame retardants (described in Chapter 6).
The details about the recycling process are not revealed due to company confidentiality,
however, the general process that is described in chapter 6 is valid for most of the materials.
Most of the materials was delivered as pellets although a few were also received as chips (Fig.
4). In total 54 materials were collected and processed for evaluation. Of those 17 were PS, 20
were PP, 13 were ABS, 3 were PE and 1 was MEP. The origin of the plastic was either WEEE
and ELV, however the exact type of product or part is not stated by the recyclers and are
therefore unknown. The selection contains materials from small and large domestic
appliances, TVs, monitors, fridges and different types of ELV plastics.
All the materials were advertised as recycled material. Two of the materials had added fillers
(number 47 and 48). In those cases, the amount of chemicals was calculated based on the total
amount of material including the filler. This means that the number of additives in the plastic
part might be somewhat higher than reported value, as adding filler can be consider as a type
of dilution of the plastic.

Figure 4, Example of how the different material types look like a) shredded fraction from
SDA b) shredded fraction from fridges, c) pelletised sample from SDA and d) pelletised
sample from fridges
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Table 4, List of countries where materials are gathered from.
Country
Norway
Slovakia
Austria
United
Kingdom
Sweden
France
Netherlands
Germany

Waste
type
WEEE
WEEE
WEEE
WEEE/ELV
WEEE
WEEE
WEEE
ELV

20

8 Methods
8.1 Sample preparation
All material processing and analysis, except for the SCCP/MCCP analysis was done at RISE.
This gave good control over all the steps from sample preparation to analysis. All materials
were injection moulded using an Engel ES 200/110 HL-V into dog-bone shaped samples (Fig.
5). This was done to allow for a more accurate measurement with XRF. Some of the materials
received were regrinds which had not been compounded into pellets. Regrind are mixed flakes
from the same type of plastic with different colours and unregular flake shape (See Chapter 7
and Fig. 4). In order to have a good mix of these materials, a compounding step was used prior
to the injection moulding. During compound the plastic material is melted and physically
mixed with rotating screws which increases the homogeneity of the material. The
compounding was done using a Coperion ZSK 26 K 10,6 extruder, temperatures were set
depending on plastic. After injection moulding, the samples were analysed according to Table
5.

Figure 5, Injection moulded samples of PS fridge (light grey) and PP SDA (black), the
difference in colour is a result of where the material originates from.

8.2 Analytical techniques
Details about analytical equipment and preparation methods are described below
Screening for Cadmium (Cd), Lead (Pb), Bromine (Br) was performed with an X-ray
fluorescence (XRF) spectroscopy ED-XRF, Niton XL3t (Holger Andreasen AB) on the injection
moulded test bars.
Quantitative determination of Short-Chain Chlorinated Paraffins (SCCP) and
Medium-chain chlorinated paraffins (MCCP) were analysed using Gas
Chromatography-Negative-Chemical-Ionisation Mass Spectrometry (GC-NCI-MS), GC model
6890N, MS model 5975C, manufactured by Agilent. Prior to analysis and injection into the GC21

NCI-MS samples were extracted with toluene. Reference to ISO 18219:2015 – non-leather
materials. The measurements were performed by TÜV Rheinland, see Appendix
0003278423/30 AZ 330855, 0003278423/60 AZ 330856, 0003278423/90 AZ 330857 and
0003281301/30 AZ 333687-1.
Phthalates and TCEP were analysed using Gas Chromatography-Mass Spectrometry (GC-MS), GC model 7890B, MS model 5977B, manufactured by Agilent. The analytical method used
is based on SS-EN ISO 14389:2014, Determination of the phthalate content – Tetrahydrofuran
method and according to OEKO-TEX®. The presence of the phthalates DHNUP (CAS 6851542-4), DPP & DIPP (CAS 84777-06-0), di-C6-10-alkyl esters (CAS 68515-51-5) and mixed
decyl, hexyl and octyl diesters (CAS 68648-93-1) were qualitatively determined according to
OEKO-TEX®.
Brominated flame retardants were analysed using Gas Chromatography-Mass
Spectrometry (GC--MS), GC model 7890A, MS model 5975C, manufactured by Agilent. The
analytical method used is based on SS-EN 16377:2013 – Determination of Brominated flame
retardants (BFR) in solid waste.
Total amount of lead (Pb) and cadmium (Cd) were analysed using Inductively coupled
plasma - optical emission spectrometry (ICP-OES), model Avio200 manufactured by
PerkinElmer. The samples were totally digested with nitric acid in a microwave oven before
analysis in ICP-OES.

Table 5, List of regulated chemicals that have been investigated and what analysis method
has been used. TBBPA is not regulated.
Chemical
Bromine
PBBs
PBDEs
DBDPE
TBBPA
HBCDD
SCCP/MCCP
Plasticisers (Phthalates)
Cd
Pb
Hg

Analysis
XRF
GC-MS
GC-MS
GC-MS
GC-MS
GC-MS
GC-MS
GC-MS
XRF and ICP
XRF and ICP
XRF

Lab
Internal
Internal
Internal
Internal
Internal
Internal
External
Internal
Internal
Internal
Internal
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9 Results
9.1 Inorganic materials
The initial XRF screening was performed to get an overview of the chemicals embedded in the
plastic. The results of the screening are presented in Fig. 6, 7 and 8 and in Table 6.

Cadmium (Cd)

Concentration (ppm)

The limit for cadmium is 100 ppm in RoHs, only one material had a content above 100 ppm
and a few materials were just below 100 ppm (Fig. 6). The total average value for all samples
was 25 ppm (Table 6), which is well below the regulated value. ABS and PE contained
somewhat higher amount of cadmium, although the highest amount of cadmium was found in
an ABS sample at a level of 109 ppm. The histograms reveal that 41 of the 54 samples (76%)
tested have a concentration lower than 30 ppm (Fig. 6).

200
180
160
140
120
100
80
60
40
20
0

Cd

Cd

0

5 10 15 20 25 30 35 40 45 50 55
Sample number

Figure 6, Concentration of cadmium in all the samples with corresponding histogram.
Datapoints in grey are <30 ppm, which is below the LOQ of the analysis method. Data was
measured with XRF. Numbers in brackets on the x-axis are the bin-size. Regulated limit is
represented by the dashed line, for cadmium it is 100 ppm.

Lead (Pb)
The regulated limit for lead in RoHs is 1000 ppm and all the samples were well below the limit
with the highest recorded amount of 157 ppm found in a PP (Fig. 7). The total average value
for lead was 32 ppm. (Table 6) ABS, PE and PP had a similar amount of lead and the average
amount in PS was significantly lower. 51 samples (94.4%) contained levels below 100 ppm.
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Concentration (ppm)

200
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100
80
60
40
20
0

Pb

Pb

0

5 10 15 20 25 30 35 40 45 50 55
Sample number

Figure 7, Concentration of lead in all the samples with corresponding histogram. Datapoints
in grey are <45 ppm, which is below the LOQ of the analysis method. Data was measured with
XRF. Numbers in brackets on the x-axis are the bin-size. Regulated limit for lead is 1000 ppm.

Mercury (Hg)
All material had mercury levels below the detection limit of the used XRF (<50 ppm).

ICP measurements
ICP has better accuracy than XRF on inorganic materials and was used on materials that had
a Cd or Pb value above LOQ (Fig. 8). ICP and XRF data matches well and the average value
Cd of the selected materials were 40 ppm for XRF and 37 ppm for ICP. Pb levels were also
similar with 56 ppm for XRF and 46 ppm for ICP. ICP should give the most accurate data in
this case, however with the small difference in results between XRF and ICP indicates that XRF
is a good enough technique for evaluating these chemicals. In the samples were the difference
between XRF and ICP were larger than 10 ppm (10 samples), the value for ICP was lower than
the values from XRF. The sample with highest reported Cd content (109 ppm) was measured
to 62 ppm with ICP. A reason for the higher value in XRF could be because of interference with
calcium-based fillers.
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4 5 8 9 10 13 14 16 17 18 22 23 25 28 34 43 44 45 50 51 53

Sample number
Figure 8, Comparison between XRF and ICP of cadmium (a) and lead (b). Dashed lines are
the limit of quantification for XRF which are 30 ppm and 45 ppm for cadmium and lead
respectably.
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9.2 Organic materials
Brominated flame retardants
The XRF screening showed that 47 samples contained bromine (Table 6 and Fig. 9), which
most likely originate from flame retardants, it is not possible to distinguish the type of BFR
from this analysis. The average content was 377 ppm. Two materials had values above 1000
ppm, which is the maximum value for the sum of PBDE and PBBs individually, in the RoHS
directive. No distinct difference was observed between different plastics on Br content,
although ABS had the highest average value of 396 ppm. The highest measured Br content was
1189 ppm and was found in sample 46 which is a PS sample. 39 samples (72%) had a bromine
content below 500 ppm and 15 samples (28%) had a concertation above 500 ppm (Fig. 9).

Concentration (ppm)

1400

Br

Br

1200
1000
800
600
400
200
0
0

5 10 15 20 25 30 35 40 45 50 55

Sample number

Figure 9, Concentration of bromine in all the samples with corresponding histogram.
Datapoints in grey are <50 ppm, which is below the LOQ of the analysis method. Data was
measured with XRF. Numbers in brackets on the x-axis are the bin-size. Regulated limit is
represented by the dashed line, for the sum of certain BFRs it is 1000 ppm.

The most accurate method, GC-MS analysis, revealed that only 17 samples contained one or
more of the regulated chemicals investigated (Fig. 10). The average concentration of the sum
of all regulated BFRs in the 17 samples was 58 ppm. The highest value found was 186 ppm in
an ABS sample from ELV. This means that the majority of the bromine atoms found with XRF
comes from brominated compounds that are not regulated (Fig. 11). This is not surprising
since regulated brominated flame retardants could be expected to be replaced by others with
similar properties to achieve the desired effect. HBCDD was found in five samples, two of these
had a HBCDD value above the 100 ppm limit in POP. Both samples were PS and had a HBCDD
level of 160 and 120 ppm.
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Figure 10, Data from bromine content in XRF (grey) compared to the sum of regulated BFRs
measured with GC-MS (red). Staples in light grey are <50 ppm, which is below the LOQ of the
XRF analysis method

A complete list with all the results can be found in Appendix I. PBDE was found in 15 samples,
14 of these contained decaBDE and three contained some combination of nona-, octa- and
decaBDE. The average amount of decaBDE was 19 ppm and highest value of 48 ppm. To
summarise 28% of the samples contained detectable amounts of regulated BFRs. In this study
TBBPA was also analysed, which is not yet a regulated BFR but is used in many applications.
23 samples contained a detectable amount of TBBPA and the average concentration was 26.6
ppm and maximum value was 78 ppm (Appendix I). Another unregulated BFR tested was
Decabromodiphenyl ethane (DBDPE), which is commonly used as a replacement for decaBDE
(39). It was only possible to get information whether this BFR could be detected in the sample
or not. Accurate numbers on the amount was not possible to receive as the material
deteriorated during sample preparation. DBDPE was detected in seven samples.
It should be noted that the concentration value of the GC-MS includes the whole BFR molecule.
A bromine atom weighs 79.9 g mol-1 and the total molecular weight of for instance decaBDE is
959.17 g mol-1, which means that the amount of bromine atoms in decaBDE is 83.3% of the
total weight of decaBDE. In the case of the XRF analysis it is the opposite, were the
concentration only specifies bromine content and not molecular weight of the whole molecule.
If the bromine atoms in the XRF would come from decaBDE it means that the total
concentration of flame retardant is higher than the bromine content. This information do not
change any of the conclusions, however it should be noted that the concentration of all BFR
are somewhat higher than the bromine concentration reported in the XRF.
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Total bromine content (XRF)
52 of 54 samples

1000
ppm

Sum of regulated BFRs (GC-MS)
1000
ppm

Figure 11, Histogram of total bromine content (top figure) and the sum of all regulated PBDEs
(bottom figure) in the 54 samples. Numbers in brackets are the bin-size.
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Table 6, Data from XRF screening and GC-MS analysis showing origin, type of plastic and Br,
Cd, Pb and Hg content. The comments column contains additional information about chemical
content. LOQ is Limit of Quantification.
Report
ID

Origin

Type

Cd
(ppm)

Pb
(ppm)

Hg
(ppm)

Br
(ppm)

decaBDE
(ppm)

∑regulated
BFR (ppm)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Norway
Norway
Norway
Norway
Sweden
France
France
France
France
United
Kingdom
United
Kingdom
United
Kingdom
United
Kingdom
United
Kingdom
United
Kingdom
United
Kingdom
Austria
Austria
Austria
Slovakia
Slovakia
United
Kingdom
United
Kingdom
United
Kingdom
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
France
France
France
France
France
France
France
France
Netherlands
Netherlands
Netherlands
Netherlands
Austria

PS
ABS
PP
PP
PP
PP
PS
ABS
ABS
PP
PP
PP
PP
PP
PP
ABS
ABS
PP
PS
PS
ABS
PP
ABS
PS
ABS
PS
PS
PS
PP
PP
PS
PS
PE
ABS
PP
PP
PP
PS
PS
PS
PS
PS
PE

<30
<30
<30
31
<30
<30
<30
109
86
<30
<30
<30
<30
<30
<30
33
58
<30
<30
<30
<30
<30
30
<30
39
<30
<30
31
<30
<30
<30
<30
<30
86
<30
<30
<30
<30
<30
<30
<30
<30
70

<45
<45
<45
<45
157
<45
<45
57
<45
53
<45
<45
68
64
<45
<45
<45
63
<45
<45
<45
57
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
<45
147

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

99
607
191
210
817
66
52
583
196
108
58
60
207
267
150
285
159
584
970
119
52
697
981
862
174
568
206
83
443
341
443
730
136
201
177
229
214
<50
<50
<50
53
800
<50

<LOQ
24
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
14
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
20
<LOQ
<LOQ
31
48
<LOQ
<LOQ
<LOQ
<LOQ
13
<LOQ
20
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
5,9
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
26
<LOQ

<LOQ
24
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
14
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
20
<LOQ
<LOQ
31
48
<LOQ
<LOQ
<LOQ
<LOQ
13
<LOQ
104
<LOQ
<LOQ
14
<LOQ
<LOQ
5,9
<LOQ
6,2
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
186
<LOQ
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44
Austria
45
Austria
46
Austria
47
Germany
48
Germany
49
Norway
50
Norway
51
Norway
52
UK
53
UK
54
UK
Average
Highest value

ABS
PP
PS
PP
PP
PS
ABS
ABS
ABS
PP
MEP

62
<30
<30
<30
<30
<30
42
73
<30
<30
33
56
109

<45
69
<45
<45
<45
<45
<45
<45
<45
108
<45
84
157

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
-

<50
608
1189
<50
<50
79
282
1168
417
174
631
377
1189

6.1
<LOQ
11
<LOQ
<LOQ
<LOQ
<LOQ
34
12
<LOQ
14
19
48

6.1
52
131
<LOQ
<LOQ
<LOQ
<LOQ
92
175
<LOQ
14
55
186

SCCP and MCCP
Samples for SCCP and MCCP analysis were sent to an external lab. The report from the lab
showed that none of the investigated materials contained SCCP or MCCP above the detection
limit of 50 ppm and 100 ppm respectively (Appendix II). SCCP have regulated limit of 1500
ppm according to the POP directive. With XRF traces of chlorine atoms above 1000 ppm where
found, however the signal from chlorine in XRF is very weak at lower concentration and can
easily be incorrectly estimated. If a sample contained a significant amount of chlorine it could
be an indication of PVC as well as SCCP and MCCP.

Plasticiser (Phthalates)
Selected samples were investigated for phthalate content. There is no obvious use of plasticiser
in these types of materials, however according to (28) DEHP can be used to plasticise
polystyrene instead of using HIPS. PS has a glass transition around 100°C and is therefore
brittle at room temperature. Phthalates were therefore only investigated in PS samples. In 10
samples of the 16 tested samples DEHP was found, the maximum value was 300 ppm, average
value of DEHP was 140 ppm. According to REACH the highest concentration permitted is
3000 ppm. (Appendix I)

TCEP (Tris(2-chloroethyl) phosphate)
The selected samples for phthalate content where also analysed for TCEP. None of the analysed
samples contained TCEP above the LOQ of 100 ppm (Appendix I). TCEP is classifies as an
SVHC in the REACH regulation.
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Discussion

Harmful chemical content in WEEE and ELV is an important matter as our society heads
toward a more circular economy. In order to reach a more circular economy used materials
need to be recycled or reused. If the plastics from WEEE and ELV were incinerated, large
amounts of CO2 would be released into the atmosphere and the material value would be lost
(4; 5; 40). Just in Sweden the lost material value from incineration is estimated to be several
million euros (41). On the other hand, if plastic containing harmful additives is recycled
without proper separation, there could be a risk of exposing humans and the environment to
hazardous substances (42). There needs to be a golden mean where material value, the climate,
the environment and humans can all benefit from recycling. Today this is achieved by setting
regulations on chemicals we know are harmful for us and the environment, such as PBDEs or
certain metals. The limits promote no dangerous substances being used in new products.
Although the regulations uphold a safe use of recycled plastic it could also stop the use of
recycled material if the limits are too strict. Recycled plastics from WEEE and ELV will in many
cases contain some traces of legacy chemicals, although the amounts are often small and, in
some cases, barely detectable.
As mentioned in the introduction there are today discussions within the EU about what limit
of decaBDE should be allowed in plastics (15). A suggested limit of 10 ppm of decaBDE in both
substances and, mixtures was initially presented. Such a limit would make recycling of WEEE
and ELV plastics difficult for two main reasons; first is that getting the bromine level down to
10 ppm is impossible with the techniques used today; second is the cost and time to regularly
analyse if a material has lower amounts than 10 ppm or not. Today the limit in POP and RohS
is 1000 ppm for a sum of certain PBDEs, which recyclers in this study was compliant with.
Although this limit is accepted today it is important that the limits are set so that there is no
risk of adverse effects on humans or the environment. As more and more information is
gathered about the hazard of using certain BFRs the limits could be decreased so that the risks
can be minimised. That being said, a less strict limit could be used during a transition time in
order to phase out certain hazardous chemicals without the risk of shutting down the recycling
of certain plastics.
In this report it was found that the amount of regulated chemicals in the tested materials were
lower than the limits in all but two cases. For inorganic materials such as cadmium, lead and
mercury an accurate value can be measurement by using an XRF. For organic substances such
as flame retardants or plasticizers more time consuming and costly techniques must be used
to get detailed information about the content.
This study also showed that some organic regulated additives such as SCCP and plasticizers
could not be detected or only detected in small amounts, this gives an indication that these
additives are not a significant challenge for these fractions. On the other hand, a majority of
the samples contained traces of bromine that most likely originates from BFRs. It is easy to
measure the amount of bromine content in the samples, however, to know which type of BFR
the bromine originates from is more difficult to test, some may be regulated, and some are not.
The new limit for decaBDE in the POP regulation that has been discussed on EU level, could
be significantly lower than 1000 ppm. None of the tested samples contained decaBDE levels
above 48 ppm, although the average bromine level was 320 ppm and the highest value was
1189 ppm. In the samples containing bromine levels above 1000 ppm it is difficult to quickly
assess the origin of those bromine atoms, which could hinder recycling of such material. In this
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study it was found that even in samples with over 1000 ppm bromine, the total amount of
regulated BFRs was not above 186 ppm. The typical method for quality control of BRFs by
recyclers is to use a handheld XRF. This is a quick and affordable method for most recyclers.
As long as the value of bromine is below 1000 ppm, they know that the material is within the
regulated limits in most cases. If the regulation for certain BRFs (decaBDE) gets stricter, for
instance set to 500 ppm, 15 of the tested sample would have a bromine content above the limit,
which is almost 30% of all the samples. None of these 15 samples contained regulated
chemicals above 500 ppm. With a limit of 100 ppm, 38 samples (70%) will be over the bromine
limit but only four of these have a total concentration of regulated chemicals above 100 ppm.
In order for recyclers to meet a stricter limit they have to tune their separation baths to get less
bromine in the separated plastic. This will lead to a cleaner plastic; however, this will also result
in more plastic that have to go to incineration. The results in this study showed that no
materials have a sum of PBDEs above 500 ppm which means that by taking away the material
which have a bromine content above 500 ppm would mean removing material that are within
the limits. On the other hand, the samples that had a bromine concentration above 500 ppm
contained 70% of the samples that had a detectable amount of regulated BFR, including the
two samples that had a HBCDD level above 100 ppm. This means that at a limit of 500 ppm
would remove the majority of samples with detectable amounts of regulated BFRs.
In the case of HBCDD which is regulated to 100 ppm in POP it would not be suitable to use
XRF as a screening method as more than 38 samples had a bromine value above 100 ppm.
HBCDD was found in five samples, all of which had a bromine content of at least 400 ppm. To
verify that the HBCDD content is below the regulated limit of 100 ppm, recyclers can use XRF
to evaluate if the bromine content is above e.g. 500 ppm. Using historical data together with
the knowledge of the waste streams they can assume that with a bromine content below 500
ppm the HBCDD content will be less than 100 ppm. The two samples that contained an
HBCDD value above 100 ppm had a bromine content of 1189 and 800 ppm, these materials
should then in a control with XRF not be approved.
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11 The future of recycled WEEE and ELV
plastic
The vast amount of materials that are being generated from WEEE and ELV must be taken
care of in an efficient way. Recycling of metals from these fractions has for a long time been
successful on meeting the recycling goals and it is time for plastic recycling to also reach its
goals. Plastic waste has problems that differ from metal recycling for instance difficulties in
separating and processing recycled plastic and to control all the additives that can be found in
plastic. With today’s recycling facilities for plastic many of these problems can be handled and
the fractions that comes out from recyclers today are within the regulated limits and of
adequate quality for its intended purpose. Although the recycling plants are good with today’s
standard and knowledge, history has taught us that what is not harmful today might found
harmful tomorrow (43). Therefore, both the recycling industry and the producing industry
needs to consider how to prevent and take care or future regulations on additives, for instance
what happens if the BFRs that are not regulated today are found to be harmful and need to be
regulated. This could cause major problems in the recycling step as the limit might be below
than what is possible to achieve today. It is important that those who produce new products
today consider what type of additives they use, and the recyclers needs to be prepared for
changes in the regulations. One way to be prepared for changes is to have control of what
additives are used in materials today, this could be done by regularly controlling both the waste
streams and the production of new items. By knowing what additives flows within certain
materials streams it will be easier to pick out the effected ones. This type of control would also
be a great tool for monitoring the phase out of certain chemicals. An additional way would be
that before to using any new additives a plan for how to remove those additives should be made,
if they were to be regulated or for some other reason need to be removed.
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Conclusions

54 samples of commercially available recycled plastics originating from ELV and WEEE were
gathered in Europe and analysed for content of hazardous substances. Two of the tested
samples contained substances above the regulated limits in the relevant regulations (POPs,
RoHS and REACH). The bromine content was measured with XRF. 47 samples contained
quantifiably amounts of bromine however a majority of the bromine atoms in the samples
originated from substances that were not regulated. It was also concluded that 69% of the
samples did not contain any of the investigated regulated BFRs. No SCCP or MCCP were
detected in any samples and the maximum detected concentration of phthalates was 300 ppm.
No detectable amounts of mercury were found in any of the tested samples, and the
concentration of lead was below 160 ppm in all samples. One sample had a value of cadmium
above 100 ppm measured with XRF, however when measured with ICP the value was below
100 ppm. A summary of the results is presented in Table 7.
Table 7, Summary of the chemical content of the tested samples.
Sample content

Number of
samples

%

Comment

Total

54

100

Detected regulated BFR

17

31

PBB, PBDE, HBCDD and TBBPA

Regulated BFR above limit

2

4

HBCDD levels above 100 ppm

Quantifiably Bromine
Bromine level > 500 ppm

47
15

87
28

Using XRF
Using XRF

Bromine level > 1000 ppm

2

4

Using XRF

Hg, Pb or Cd above regulated limits

0

0

Measured with XRF and ICP

Contained quantifiably SCCP/MCCP

0

0

Phthalates above regulated limit

0

0

16 tested PS samples

ICP analysis was performed to control the results from XRF and it was found that XRF and
ICP correlated well. This promotes XRF as a suitable method for screening materials for both
inorganic and organic content containing bromine.
It can be concluded that the recycling facilities in this study are effective on removing
hazardous substances from the plastic fractions gathered from ELV and WEEE. However,
there is still a large amount of useful plastics that goes to incineration as a result of the high
separation threshold in the density baths. Depending on the outcome of the ongoing discussion
about a stricter regulation of decaBDE in POPs, the conclusions in this study could be revised.
Using the suggested value of 500 ppm for the sum of all PBDEs in mixtures and articles will
however not change the conclusion of this report significantly, although it will affect the
screening method. Almost 30% of the materials contained bromine levels above 500 ppm, but
none of these contained regulated BFRs above 250 ppm. To meet the proposed regulations, a
better separation of brominated plastics or more accurate measurement techniques are
needed.
In order to monitor the amount of regulated chemicals in the plastic streams a consistent
control of the chemicals is required. By following the amount of chemicals in the plastic
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streams a historical database can be built which can be used to track how certain additives
changes over time. Such database could be useful in future discussions on legacy chemicals in
recycled plastics.
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APPENDIX I
•
•

XRF data for bromine, cadmium and lead
GC-MS for
o Plasticizers (phthalates)
o TCEP
o Brominated flame retardants

APPENDIX II
•

Report from TÜV Rheinland
o GC-MS of SCCP and MCCP
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1) Sample 1
2) Sample 2

Condition at delivery:

No claim
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Place of testing:
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Report No.:
Date:
.

0003278423/30 AZ 330855
17.01.2019

1. Results
Chloroparaffins
Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330855-001
Art. 1
mg/kg
<50

330855-002
Art. 2
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330855-003
Art. 1
mg/kg
<100

330855-004
Art. 2
mg/kg
<100

Limits for SCCP according to Regulation (EC) No. 850/2004 (issue 13.11.2015)
1. Preparations: < 1.0 % (10000 mg/kg)
2. Articles: < 0,15% (1500 mg/kg)
Requirements according to Regulation (EC) No 1907/2006 (REACH):
Duty to communicate if the concentration in the article is higher than 0,1% (m/m)

2. Summary of methods
Chloroparaffins
Method description:
Non-leather materials - following CADS method with reference to ISO/FDIS 18219:2015; quantification based
on technical mixture with chlorination degree 59% for SCCP and 55% for MCCP
----End of report----
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Test item:

29 plastic samples
Your Project-No.: 27496

Identification:

Sample 4 / Sample 5 / Sample 6
Sample 7 / Sample 8 / Sample 9
Sample 10 / Sample 11 / Sample 12
Sample 13 / Sample 14 / Sample 15
Sample 16 / Sample 17 / Sample 18
Sample 19 / Sample 20 / Sample 21
Sample 22 / Sample 23 / Sample 24
Sample 25 / Sample 26 / Sample 27
Sample 28 / Sample 29 / Sample 30
Sample 31 / Sample 32

Condition at delivery:

No claim

Date of delivery:

14.01.2019

Place of testing:

Cologne

Test period:

14.01.2019 to

Test scope:

Parameters selected by customer

17.01.2019

Cologne, 17.01.2019

X

X

Sachverständige(r)/Expert
Signiert von: Gunther Bier
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Report No.:
Date:
.

0003278423/60 AZ 330856
17.01.2019

1. Results
Chloroparaffins
Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-001
Art. 4
mg/kg
<50

330856-002
Art. 5
mg/kg
<50

330856-003
Art. 6
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-004
Art. 7
mg/kg
<50

330856-005
Art. 8
mg/kg
<50

330856-006
Art. 9
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-007
Art. 10
mg/kg
<50

330856-008
Art. 11
mg/kg
<50

330856-009
Art. 12
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-010
Art. 13
mg/kg
<50

330856-011
Art. 14
mg/kg
<50

330856-012
Art. 15
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-013
Art. 16
mg/kg
<50

330856-014
Art. 17
mg/kg
<50

330856-015
Art. 18
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-016
Art. 19
mg/kg
<50

330856-017
Art. 20
mg/kg
<50

330856-018
Art. 21
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-019
Art. 22
mg/kg
<50

330856-020
Art. 23
mg/kg
<50

330856-021
Art. 24
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-022
Art. 25
mg/kg
<50

330856-023
Art. 26
mg/kg
<50

330856-024
Art. 27
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-025
Art. 28
mg/kg
<50

330856-026
Art. 29
mg/kg
<50

330856-027
Art. 30
mg/kg
<50
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Report No.:
Date:
.

0003278423/60 AZ 330856
17.01.2019

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330856-028
Art. 31
mg/kg
<50

330856-029
Art. 32
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-030
Art. 4
mg/kg
<100

330856-031
Art. 5
mg/kg
<100

330856-032
Art. 6
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-033
Art. 7
mg/kg
<100

330856-034
Art. 8
mg/kg
<100

330856-035
Art. 9
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-036
Art. 10
mg/kg
<100

330856-037
Art. 11
mg/kg
<100

330856-038
Art. 12
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-039
Art. 13
mg/kg
<100

330856-040
Art. 14
mg/kg
<100

330856-041
Art. 15
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-042
Art. 16
mg/kg
<100

330856-043
Art. 17
mg/kg
<100

330856-044
Art. 18
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-045
Art. 19
mg/kg
<100

330856-046
Art. 20
mg/kg
<100

330856-047
Art. 21
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-048
Art. 22
mg/kg
<100

330856-049
Art. 23
mg/kg
<100

330856-050
Art. 24
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-051
Art. 25
mg/kg
<100

330856-052
Art. 26
mg/kg
<100

330856-053
Art. 27
mg/kg
<100
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0003278423/60 AZ 330856
17.01.2019

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-054
Art. 28
mg/kg
<100

330856-055
Art. 29
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330856-057
Art. 31
mg/kg
<100

330856-058
Art. 32
mg/kg
<100

330856-056
Art. 30
mg/kg
<100

Limits for SCCP according to Regulation (EC) No. 850/2004 (issue 13.11.2015)
1. Preparations: < 1.0 % (10000 mg/kg)
2. Articles: < 0,15% (1500 mg/kg)
Requirements according to Regulation (EC) No 1907/2006 (REACH):
Duty to communicate if the concentration in the article is higher than 0,1% (m/m)

2. Summary of methods
Chloroparaffins
Method description:
Non-leather materials - following CADS method with reference to ISO/FDIS 18219:2015; quantification based
on technical mixture with chlorination degree 59% for SCCP and 55% for MCCP
----End of report----
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TÜV Rheinland LGA Products GmbH · 51105 Cologne

Rise IVF AB
Po Box 104
431 22 Mölndal
SWEDEN

Contact
E-Mail
Phone
Fax
Cologne,

Petra Van Dyck
Petra.Van.Dyck@de.tuv.com
+49 221/806-2129
+49 221/806-2882
17.01.2019

Report No.

0003278423/90 AZ 330857

Test item:

17 plastic samples
Your Project-No.: 27496

Identification:

Sample 37 / Sample 38 / Sample 39
Sample 40 / Sample 41 / Sample 42
Sample 43 / Sample 44 / Sample 45
Sample 46 / Sample 47 / Sample 48
Sample 49 / Sample 50 / Sample 51
Sample 52 / Sample 53

Condition at delivery:

No claim

Date of delivery:

14.01.2019

Place of testing:

Cologne

Test period:

15.01.2019 to

Test scope:

Parameters selected by customer

17.01.2019

Cologne, 17.01.2019

X

X

Sachverständige(r)/Expert
Signiert von: Gunther Bier

Sachverständige(r)/Expert
Signiert von: Petra Van Dyck

The test results exclusively refer to the samples examined. Except as noted otherwise pass/fail assessments do not consider the uncertainty of
measurement. This report shall not be reproduced except in full without written approval and does not authorize the use of a TÜV Rheinland Group label.
TÜV Rheinland LGA Products GmbH, Tillystr. 2, D-90431 Nuremberg, Tel +49 221 806 1882, Fax +49 221 806 2882, Mail analytik@de.tuv.com, Web
www.tuv.com
Managing Director: Dipl.-Ing. Jörg Mähler, Dipl.-Kfm. Dr. Jörg Schlösser, Amtsgericht Nürnberg HRB 26013, VAT-No: DE811835490
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Report No.:
Date:
.

0003278423/90 AZ 330857
17.01.2019

1. Results
Chloroparaffins
Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-001
Art. 37
mg/kg
<50

330857-002
Art. 38
mg/kg
<50

330857-003
Art. 39
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-004
Art. 40
mg/kg
<50

330857-005
Art. 41
mg/kg
<50

330857-006
Art. 42
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-007
Art. 43
mg/kg
<50

330857-008
Art. 44
mg/kg
<50

330857-009
Art. 45
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-010
Art. 46
mg/kg
<50

330857-011
Art. 47
mg/kg
<50

330857-012
Art. 48
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-013
Art. 49
mg/kg
<50

330857-014
Art. 50
mg/kg
<50

330857-015
Art. 51
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13

330857-016
Art. 52
mg/kg
<50

330857-017
Art. 53
mg/kg
<50

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-018
Art. 37
mg/kg
<100

330857-019
Art. 38
mg/kg
<100

330857-020
Art. 39
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-021
Art. 40
mg/kg
<100

330857-022
Art. 41
mg/kg
<100

330857-023
Art. 42
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-024
Art. 43
mg/kg
<100

330857-025
Art. 44
mg/kg
<100

330857-026
Art. 45
mg/kg
<100
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Date:
.

0003278423/90 AZ 330857
17.01.2019

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-027
Art. 46
mg/kg
<100

330857-028
Art. 47
mg/kg
<100

330857-029
Art. 48
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-030
Art. 49
mg/kg
<100

330857-031
Art. 50
mg/kg
<100

330857-032
Art. 51
mg/kg
<100

Sample No.
Sample composition
Unit
Chlorinated paraffins C14-C17

330857-033
Art. 52
mg/kg
<100

330857-034
Art. 53
mg/kg
<100

Limits for SCCP according to Regulation (EC) No. 850/2004 (issue 13.11.2015)
1. Preparations: < 1.0 % (10000 mg/kg)
2. Articles: < 0,15% (1500 mg/kg)
Requirements according to Regulation (EC) No 1907/2006 (REACH):
Duty to communicate if the concentration in the article is higher than 0,1% (m/m)

2. Summary of methods
Chloroparaffins
Method description:
Non-leather materials - following CADS method with reference to ISO/FDIS 18219:2015; quantification based
on technical mixture with chlorination degree 59% for SCCP and 55% for MCCP
----End of report----
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TÜV Rheinland LGA Products GmbH · 51105 Cologne

Rise IVF AB
Po Box 104
431 22 Mölndal
SWEDEN

Contact
E-Mail
Phone
Fax
Cologne,

Petra Van Dyck
Petra.Van.Dyck@de.tuv.com
+49 221/806-2129
+49 221/806-2882
26.02.2019

Report No.

0003281301/30 AZ 333687-1

Test item:

Plastic sample – Project No. 27496

Identification:

1) 27496-54

Condition at delivery:

No claim

Date of delivery:

11.02.2019

Place of testing:

Cologne

Test period:

12.02.2019 to

Test scope:

Parameters selected by customer

18.02.2019

Cologne, 26.02.2019

X

X

Sachverständige(r)/Expert
Signiert von: Annette Rothe

Sachverständige(r)/Expert
Signiert von: Petra Van Dyck

The test results exclusively refer to the samples examined. Except as noted otherwise pass/fail assessments do not consider the uncertainty of
measurement. This report shall not be reproduced except in full without written approval and does not authorize the use of a TÜV Rheinland Group label.
TÜV Rheinland LGA Products GmbH, Tillystr. 2, D-90431 Nuremberg, Tel +49 221 806 1882, Fax +49 221 806 2882, Mail analytik@de.tuv.com, Web
www.tuv.com
Managing Director: Dipl.-Ing. Jörg Mähler, Dipl.-Kfm. Dr. Jörg Schlösser, Amtsgericht Nürnberg HRB 26013, VAT-No: DE811835490
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26.02.2019

1. Results
Chloroparaffins
Sample No.
Sample composition
Unit
Chlorinated paraffins C10-C13
Chlorinated paraffins C14-C17

333687-001
Art. 1
mg/kg
<50
<100

Limits for SCCP according to Regulation (EC) No. 850/2004 (issue 13.11.2015)
1. Preparations: < 1.0 % (10000 mg/kg)
2. Articles: < 0,15% (1500 mg/kg)
Requirements according to Regulation (EC) No 1907/2006 (REACH):
Duty to communicate if the concentration in the article is higher than 0,1% (m/m)

2. Summary of methods
Chloroparaffins
Method description:
Non-leather materials - following CADS method with reference to EN ISO 18219:2015; quantification based
on technical mixture with chlorination degree 59% for SCCP and 55% for MCCP
----End of report----

