Brominated Diphenyl Ether Flame Retardants
used in plastics
This case study aims to illustrate a chemical substitution process. It is based on publicly
available information on company's experience as well as on substance hazards, alternatives to
the hazardous substance and regulatory information. The case study is neither complete nor
comprehensive in illustrating all substitution options of a substance but rather exemplary.

1. Introduction
Flame retardants are a necessary component of many plastics used in electrical and
electronic equipment. Brominated Diphenyl Ether flame retardants have been used to
fulfill this purpose. However, due to their very persistent nature and the tendency to
accumulate in biological organisms, the need to substitute BDEs have been raised. Now
we are more concerned than ever, as we found out that BDEs in plastics are contaminating
products including kid’s toys, hindering the environmental friendly recycling practices.
Brominated diphenyl ethers (BDEs) are man-made chemicals found in plastics used in a
variety of consumer products to make them difficult to burn. They have been widely used
since the 1970s as flame retardants in electronics. BDEs are released from products when
TVs or computers heat up or when the products degrade.
There are three important commercial BDE mixtures (i.e., penta-, octa-, and decabromodiphenyl ethers [BDEs]). DecaBDE’s main use is for electronic enclosures, such as
television cabinets. Deca accounts for 80 percent of the BDEs currently produced and is
composed of around 97 percent pure brominated diphenyl ether. DecaBDE is used in
Europe in a range of 10 000-100 000 tons a year. It is widely used as an additive flame
retardant in many different industry sectors. Major uses are for plastics and textiles.
OctaBDE is largely used in plastics for personal computers and small appliances.
PentaBDE is principally used in foam for cushioning in upholstery.

2. Hazards of Brominated Diphenyl Ethers
Brominated flame retardants are persistent and bioaccumulative industrial chemicals that
cause numerous problems including cancer, thyroid problems, and neurodevelopmental
effects. They are biomagnified toxic compounds, meaning they accumulate within food
chains and they impair learning, memory, sexual development, and behavior.
DecaBDE has no harmonized classification according to CLP regulation. The classification
provided by companies to ECHA in CLP notifications identifies that this substance causes
serious eye irritation, is harmful if swallowed, is harmful in contact with skin, may cause
long lasting harmful effects to aquatic life, is suspected of causing genetic defects and may
cause damage to organs through prolonged or repeated exposure.
According to the harmonised classification and labelling approved by the European
Union, octaBDE may damage the unborn child and is suspected of damaging fertility.
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3. Regulatory status
According to EU restriction decaBDE shall not be manufactured or placed on the market as
a substance on its own after 2 March 2019. EU restricts the use and marketing of decaBDE
as a constituent in mixtures and articles, at a concentration equal to or greater than 0.1%
by weight exempting the use for aircraft; motor vehicles; agricultural and forestry vehicles,
electrical and electronic equipment (compliant with RoHS requirements).
DecaBDE is a substance of very high concern and included into candidate list for
authorization.
The Stockholm Convention bans toxic chemicals on its persistent organic pollutants (POPs)
list. This list includes some of the brominated diphenyl ether flame retardants (POP-BDEs)
– decaBDE and hexaBDE, heptaBDE which are the main components of commercial
octaBDE.

4. Effects of BDE flame retardants on plastics recycling
Life on earth as a sustainable form of production uses 100% recycling, as nothing is wasted
or else life would eventually go extinct. Recycling practices are necessary for a
sustainable economy, to be able to decrease the environmental impact of the industry by
reducing waste produced and reducing the extraction of raw materials. Petroleum
products are non-renewable, and their recycling makes sense from a resource depletion
point of view as well. An industry that is producing non-biodegradable waste without any
recycling practices is the opposite of being sustainable.
A 2016 study by World Economic Form concluded that in 2050 it is expected that there will
be more plastics in the ocean than there is fish (WEF 2016).
Despite this, the contamination of recycled plastics with hazardous chemicals is hindering
the recycling process. A study revealed that BDEs are contaminating many products
including children’s toys that uses recycled plastic materials which was previously
contaminated with BDEs used as flame retardants. The effect of this is not only the risks
caused by the BDEs, but also all the risks associated with a decrease in recycling practices.
22% of all the banned POP-BDE in Dutch electronic waste ends up in recycled plastics.
33% of all the banned POP-BDE in Dutch automotive plastic waste is reused or recycled.

4. Substitution
There are existing suggestions on the literature about the possible alternatives to BDE
flame retardants used in electronics, and many major companies (Dell, HP, Compaq, Sony,
IBM, Ericsson, Apple and Panasonic, etc.) reported that they have eliminated BDE flame
retardants from their products, however the hazards or details of these alternatives are not
certain and needs further investigation. The types of flame retardants used in products are
generally considered confidential, but a typical replacement scheme would be to use
copolymers together with halogen-free organo-phosphorous compounds for enclosures
and other large parts. The large number of major companies that have phased out
decaBDE in their products clearly indicates that decaBDE-free electronic components are
available on the market, and that the requirement for “decaBDE-free” is not an obstacle to
manufacturing any electrical and electronic equipment.
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Hewlett-Packard Company reports that:

Source: Danish study (2006) on decaBDE alternatives for electrical and electronic equipment
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4.1. Hazard assessment
(Environmental/human health/physical) of some alternatives (GS Benchmark Score: 1
being the worst, 4 being the best)

Source: Decabromodiphenyl Ether Flame Retardant in Plastic Pallets (2012)

Further hazard assessment for the alternatives can be found in the 2014 final report
named “AN ALTERNATIVES ASSESSMENT FOR THE FLAME RETARDANT
DECABROMODIPHENYL ETHER (DecaBDE)” published by the US EPA.
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4.2. Economic feasibility
The reporting on the economic cost of the alternatives compared to BDE varies throughout
the literature, hence no conclusions can be made regarding the economic feasibility.
European Chemicals Agency concludes for decaBDE that “the proposed restriction is
technically and economically feasible. Technically feasible alternatives are available for
existing uses of decaBDE at low additional cost”.
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