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Executive Summary

A substantial range of studies on pentabromodiphenyl ether has been identified and the findings
summarised in this risk profile. The new findings reported here support the conclusion reached by the
Persistent Organic Pollutants Review Committee in 2005 that PentaBDE’s properties fulfill the
screening criteria in Annex D of the Stockholm Convention.

Commercial pentabromodiphenyl ether (C-PentaBDE) refers to mixtures of bromodiphenyl ether
congeners in which the main components are 2,2, 4 4'- tetrabromodiphenyl ether (BDE-47 CAS No.
40088-47-9) and 2,2',4,4',5-pentabromodiphenyl ether (BDE-99 CAS No. 32534-81-9), which have
the highest concentration by weight with respect to the other components of the mixture.

Commercial pentabromodiphenyl ether mixtures (C-PentaBDE) are used for flame retardant purposes as
additives in consumer products. The commercial mixtures contain brominated dipheny] ether congeners
with three to seven bromines in the molecule, but molecules with four and five bromines predominate.
The proportion of the different polybromodipheny! ether (PBDE) congeners in C-PentaBDE varies in
different regions of the world.

PentaBDE is released into the environment during the manufacture of the commercial product, in the
manufacture of products containing PentaBDE, during their use and after they have been discarded as
waste. Even though production of C-PentaBDE is phased out or being phased out worldwide, different
products containing it will still be in use in several years to come, resulting in continuing releases to the
environment. The products will in the end of their lifetime become wastes with the potential of
additional releases.

The main source in North America and Western Europe has been the C-PentaBDE incorporated in
polyurethane foam, used in domestic and public furniture. This use is now mainly phased out. The
nformation is too limited to draw conclusions on the importance of other uses, like textiles, electrical
and electronic products, building materials, vehicles, trains and aeroplanes, packaging, drilling oil fluid
and rubber products. While some representative examples are covered, detailed information on use is
lacking for many regions of the world. '

Major releases to air are emissions from products during use, through volatilization of PentaBDE and
dust-bomne PentaBDE. Emissions of PentaBDE can also occur from recycling and dismantling activities
such as dismantling of vehicles, buildings and constructions. Emissions can occur from electronic
waste recycling plants and shredder plants. Potentially toxic products such as brominated dibenzo-p-
dioxins and furans might be generated during incineration of articles containing C-PentaBDE.

The releases of PentaBDE are to air, water and soil, but the major part ends up 1n soil. The distribution
between the environmental compartments is; soil>>>water>air. Several studies using sediment cores
show that PentaBDE is very persistent in marine sediments, still occurring after 30 years. In the main,
PentaBDE in the environment is bound to particles; only a small amount is transported in its gaseous
phase or diluted in water but such transport over long periods can be effective in distributing the
PentaBDE widely in the environment, especially into Arctic regions. Occurrence in the Arctic
environment is demonstrated in several monitoring studies in air and biota.

Due to its high persistency in air, the main route for long-range transport of PentaBDE - as with so
many substances that are sufficiently volatile, persistent and bioaccumulative - is through the
atmosphere. Modelling and environmental studies indicate that the transport is through a series of
deposition/volatilization hops towards the poles but particulate transport is known to be 1mportant, too.
Long-range transport through water and emigrating animals is also likely.

Several studies show that PentaBDE in soil and sediments is bioavailable, enters the food chain and that
it bioaccumulates and biomagnifies in the food webs, ending up in high levels in top predators.
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PentaBDE is widespread in the global environment. Levels of components of C-PentaBDE have been
found in humans in all UN regions. Most trend analyses show a rapid increase in concentrations of
PentaBDE in the environment and in humans from the early 1970s to the middle or end of the 1990s,
reaching plateau levels in some regions in the late 1990s, but continuing to increase in others. The
levels in North America and the Arctic are still rising. Vulnerable ecosystems and species are affected,
among them several endangered species. Some individuals of endangered species show levels high
enough to be of concern. Toxicological studies have demonstrated reproductive toxicity,
neurodevelopmental toxicity and effects on thyroid hormones in aquatic organisms and in mammals.
The potential for the toxic effects in wildlife, including mammals, is evident.

Potential exposure to humans is through food, and through use of products and contact with indoor air
and dust. PentaBDE transfers from mothers to embryos and lactating infants. A Canadian assessment of
risk quotients suggests that the highest risks accrue to species high in the food chain. Information is
lacking on the effects in humans of short-term and long-term exposure, although it is to be expected that
vulnerable groups can be pregnant women, embryos and infants. Considerably higher levels are found
in humans from North America in general. About 5% of general populations have been found to be
subjected to elevated exposure. This, together with the estimates of the long half-life of PentaBDE
congeners in humans, raises concern for long-term effects on human health.

Based on the information in this risk profile, PentaBDE, due to the characteristics of its components,
is likely, as a result of long-range environmental transport and demonstrated toxicity in a range of
non-human species, to cause significant adverse effects on human health or the environment, such
that global action is warranted.
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1. Introduction

The Stockholm Convention is a global treaty to protect human health and the environment from
persistent organic pollutants (POPs), of which twelve are currently listed under the Convention. POPs
are chemicals that remain intact in the environment for long periods, become widely distributed
geographically, accumulate in living organisms and can cause harm to humans and the environment.
Norway, which is a Party to the Stockholm Convention, submitted a proposal in January 2005 to list
pentabromodipheny] ether in Annex A to the Stockholm Convention, and the POPRC agreed that the
commercial product 'pentabromodiphenyl ether' (‘'PentaBDE') — actually a mixture as described below -
met the screening criteria of Annex D to the Convention.

1.1 Chemical identity of the proposed substance

Commercial pentabromodiphenyl ether (C-PentaBDE) refers to mixtures of bromodiphenyl ether
congeners in which the main components are 2,2', 4 4'- tetrabromodiphenyl ether (BDE-47 CAS No.
40088-47-9) and 2,2',4,4',5-pentabromodiphenyl ether (BDE-99 CAS No. 32534-81-9), which have
the highest concentration by weight with respect to the other components of the mixture.

The numbering system for the PBDEs is the same as that used for polychlorobiphenyls (PCBs)
(Ballschmuter et al. 1993).

The acronym PBDE is used for the generic term polybromodiphenyl ether, covering all congeners of the
family of brominated diphenyl ethers. It 1s sometimes abbreviated to BDE.

1.2 Conclusion of the Review Committee regarding Annex D information

The Commuttee has evaluated Annex D information at 1ts first meeting in Geneva in November 2005
(UNEP/POPS/POPRC.1/10) and has concluded that the screening criteria have been fulfilled for
C-PentaBDE (Decision POPRC-1/3).

1.3 Data sources

This nsk profile is elaborated using Annex E information submitted by countries and nongovernmental
organizations, nattonal reports from web sites for environment protection agencies in different countries,
contact and submissions from Norwegian research institutes, the bromine industry, EMEP and AMAP.

Eleven countries have submitted information (Australia, Brazil, Canada, Japan, Norway, Mexico,
Poland, Republic of Lebanon, Spain, Switzerland and United States of America). Seven countries
submitted information on production and use. Only one country submitted information on releases;
another reported that they did not have release data. All except one country provided monitoring data.
There was no information on stock-piles from submitting countries and only a few have submitted
information on trade. Two observers submitted information - World Wide Fund for Nature (WWF) and
the International POPs Elimination Network (IPEN).

1.4 Status of the chemical under other international conventions

1.4.1 The OSPAR Convention

The Convention for the Protection of the Marine Environment of the North-East Atlantic (the OSPAR
Convention) is guiding international cooperation on the protection of the marine environment of the
North-East Atlantic. The OSPAR Convention was signed in Pans in 1992 and entered into force on 25
March 1998 The OSPAR Commission 1s made up of representatives of the Governments of 17

Contracting Parties and the European Commission, representing the European Community. In 1998, the
OSPAR Commuission placed PBDEs on its “List of Chemicals for Priority Action.” An OSPAR
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Commission background document on PBDEs was reviewed by Sweden in 2001. The next full review
of this document is not planned before 2008. At the 4th North Sea Conference, it was decided to phase
out the use of brominated flame retardants by 2020.

1.4.2 The UNECE Convention on Long-range Transboundary Air Pollution

United Nations Economic Commission for Europe (UNECE) works for sustainable economic growth
among its 55 member countries. The UNECE Convention on Long-range Transboundary Air Pollution
was signed by 34 Governments and the European Community in 1979 in Geneva. Under it, Parties shall
endeavour to limit and, as far as possible, gradually reduce and prevent air pollution including long-
range transboundary air pollution. It entered into force in 1983 and has been extended by eight specific
protocols. There are today 50 countries that are parties to the Convention. The Protocol for persistent
organic pollutants (POPs) was adopted on 24 June 1998 in Aarhus (Denmark). It focuses on a list of 16
substances that have been singled out according to agreed risk criteria, for total ban, eliminatton at a
later stage or restrictive use. C-PentaBDE was nominated as a new POP to the Convention in 2004 by
Norway. In December 2005 it was considered by the Executive Body of the Convention to meet the
screening criteria for POPs, set out in EB decision 1998/2. They requested that the UNECE Task Force
on POPs continue with the review and fuether explore management strategies..

1.4.3. The Rotterdam Convention

The Rotterdam Convention is a multilateral environmental agreement designed to promote shared
responsibility and cooperative efforts among Parties in the international trade of certain hazardous
chemicals. It is an instrument to provide importing Parties with the power to make informed decisions
on which chemicals they want to receive and to exclude those they cannot manage safely. .

The text of the Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous
Chemicals and Pesticides in International Trade was adopted at the Diplomatic Conference held in
Rotterdam on 10 September 1998. The Convention entered into force on 24 February 2004 and became
legally binding for its Parties. Today there are 102 states that are parties to the Convention. The EU
notified PentaBDE to the Rotterdam Convention in 2003. For it to become a candidate, bans of the
substance must be notified by two parties under the Convention.

1.4.4 Other intemational forums of relevance

The Arctic Council is a high-level intergovernmental forum that provides a mechanism for addressing
the common concerns and challenges faced by the Arctic governments and the people of the Arctic.
Member states are Canada, Denmark (including Greenland and the Faeroe Islands), Finland, Iceland,
Norway, Russia, Sweden and United States of America. Six international organizations representing
many Arctic indigenous communities have the status of Permanent Participants of the Arctic Council.

Significant monitoring and assessment of pollution in the Arctic 1s performed under the auspices of the
Arctic Council (The Arctic Monitoring and Assessment Programme, AMAP). This work is important in
identifying pollution risks, their impact on Arctic ecosystems and in assessing the effectiveness of
international agreements on pollution control, such as the Stockholm Convention on Persistent Organic
Pollutants (POPs). AMAP has shown that PentaBDE is one of the important pollutants of the Arctic.

In the autumn of 2004, the Arctic Council adopted a new Arctic project conceming the reduction of
brominated flame retardants. The project will be managed by Norway.
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2. Summary information relevant to the risk profile
2.1 Sources

2.1.1. Production and use

Based on the last information on total market demand of C-PentaBDE presented at the Bromine Science
and Environmental Forum (BSEF), the estimated cumulative use of C-PentaBDE since 1970 was 100
000 metric tons (tones). The total market demand decreased during the later years of this period, for
example from 8,500 tons in 1999 to 7,500 tons in 2001 (BSEF, 2001).

Table 2.1. C-PentaBDE volume estimates: Total market demand by region in metric tons (BSEF,
2001).

America Europe Asia Rest of the world Total
1999 8,290 210 - - 8,500
2001 7,100 150 150 100 7,500

These consumption figures need to be seen in the context of the global demand for polybrominated
flame retardants of all types, which vastly outweighs the demand for C-PentaBDE. Thus, world
totals of PBDE were 204,325 (1999), 203,740 (2001), 237,727 (2002) and 223, 482 (2003) tonnes
(BSEF 2006).

C-PentaBDE has been produced in Israel, Japan, U.S. and EU (Peltola et a/. 2001 and van der Goon et
al. 2005). Since 2001 actions to regulate or voluntarily phase-out C-PentaBDE have been conducted in
several countries.

Production in EU ceased in the former EU (15) in 1997 (EU 2000). Usage in the EU (15) has been
declining during the second half of the 1990s and is estimated to be 300 metric tonnes in 2000 (used
solely for polyurethane production) (EU 2000). The use of PentaBDE was banned in the EU (25)
2004. Use n electrical and electronic appliances ceased on 1 July 2006.

In the United States of America, in June 2006, the U.S. Environmental Protection Agency (EPA) issued
a significant new use rule on tetra-octaBDE and any combinations of these chemicals resulting from a
chemucal reaction, which requires persons to notify EPA before commencing manufacture or import for
any use. C-PentaBDE will be banned in the state of California from 2008. The sole US manufacturer
voluntarily ceased production, but use may be continuing and will cease only when stocks are fully
exhausted. Although a patent on production of C-PentaBDE was taken out in China as recently as
1999 for a PBDE mixture that differs from the traditional penta-mix, the substance is being phased out
in that country. Remaining production in China is estimated as less than 100 MT/year and will cease in
2007 when the substance 1s banned in that country.

A major bromine producer in Israel, Israel Chemicals and Industrial Products (formerly the Dead Sea
Bromine Group), declares in a public statement on its web site that their products do not contain
PentaBDE. This aligns the producer with the ban in the EU, which is an important market for the
company's flame retardants.

There is today no production in Japan. The use of C-PentaBDE was voluntarily withdrawn from the
Japanese market in 1990 (Kajiwara et al. 2004). Some developing countries around the East China Sea
are potential “hot spots” releasing PentaBDE into the marine environment (Ueno et al. 2004). Many
industrial manufacturers of computers, television sets and other electric household equipment are
situated in the coastal areas of Asian developing countries (Ueno et al. 2004). There are indications on
a phase-out of C-PentaBDE in manufacture of new electrical and electronic products in the Asian
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region, although uses there were always subsidiary to the major uses in polyurethane foams. The extent

of this is uncertain. Waste electric products used in developed countries have been exported to Asian

developing countries, such as China, India and Pakistan. This waste material has been recycled for |
recovery of valuable metals (Ueno et al. 2004) and continuation of this trade can remain a source to ;
PentaBDE releases. No restrictions have so far been implemented in developing countries in the Asia

Pacific and the southern hemisphere.

The release of 'banked' PentaBDE during recycling of foam products has its parallel in the release of
CFCs and other ozone depleting substances which have similarly remained in the foam during its useful
lifetime.

Results from a survey of Canadian industries regarding certain substances on the country's Domestic

Substances List conducted for the year 2000 indicated that no PBDEs were manufactured in Canada,

but approximately 1300 tonnes of C-PentaBDE (for incorporation into finished articles) was imported ,
into the country (Environment Canada 2003). Based on quantities reported, C-PentaBDE was the .
PBDE imported in greatest volume, followed by the commercial decabromodiphenyl ether product. A

very small amount of octabromodiphenyl ether was imported in 2000. The volumes reported do not

include quantities imported in finished articles. In 2004, it was proposed that PentaBDE be added to the

Virtual Elimination list in Canada.

In the U.S. the sole producer voluntarily ended their production of C-PentaBDE in 2004. In 2001 alone,
almost 70,000 metric tons of PBDEs were produced globally, almost half of which was used in products
sold in the US and Canada. Before the phase-out in U.S. the majority of C-PentaBDE formulation
produced globally was used in North America (>97 %). At the end of 2004 in the US, approximately
7.5% of the more than 2.1 billion pounds of flexible polyurethane foam produced each year in the US
contained the C-PentaBDE formulation (Washington State 2005).

In Australia in 2004, the National Industrial Chemicals Notification and Assessment Scheme (NICNAS)
advised that all importers were phasing out imports of PentaBDE by the end of 2005, and this was
reconfirmed by the major importers in mid-2005.

C-PentaBDE is used or has been used in the following sectors (Alaee et al. 2003, Danish EPA 1999,
EU 2000, Prevedouros et al. 2004b, Swiss Agency for the Environment 2002, Bimbaum and Staskel,
2004):

e Electrical and electronic appliances (EE appliances) — computers, home electronics, office
equipment, household appliances and other items containing printed circuit laminates, plastic
outer casings and internal plastic parts such as small run components with rigid polyurethane
elastomer instrument casings.

o Traffic and transport — cars, trains, aircraft and ships containing textile and plastic interiors and
electrical components.

e Building materials — foam fillers, insulation boards, foam insulation, piples, wall and floor panels,
plastic sheeting, resins etc.

e Fumiture — upholstered furniture, furniture covers, mattresses, flexible foam components.

o Textiles — curtains, carpets, foam sheeting under carpets, tents, tarpaulins, work clothes and
protective clothing.

e Packaging — polyurethane foam based packaging matenals.

The most common use, accounting for 95-98% of C-PentaBDE since 1999, has been in polyurethane
foam (Hale ez al. 2002). This foam may contain between 10 and 18% of the C-PentaBDE formulation.
Polyurethane foam is mainly used for furniture and upholstery in domestic furnishing, automotive and
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aviation industry. Other uses are in rigid polyurethane elastomers in instrument casings, in epoxy resins
and phenolic resins in electrical and electronic appliances, and construction materials. For some years
now, the more highly brominated Deca-BDE has been preferred in these applications. C-PentaBDE

has also been incorporated in minor amounts in textiles, paints, lacquers, in rubber goods (conveyer belt,
coating and floor panels) and in o1l drilling fluids. Levels range from 5-30% by weight. Up to the early
1990s, C-PentaBDE was used in printed circuit boards, usually FR2 laminates (phenolic resins) in Asia.
Such FR2 laminates are used in household electronics (television, radio, video), vehicle electronics,
white goods (washing machines, kitchen appliances, for example). In the early 1990s the amount C-
PentaBDE used in textile treatment was 60 % of total use in the EU, but this application is now banned.

C-PentaBDE has been 1dentified as an additive flame retardant in textiles in national substance flow
analyses in the ECE region (Danish EPA 1999). Manufacturers of furniture textiles have stated that the
textile contained 0.45% PentaBDE in a Norwegian flow analysis reported in 2003. Stringent rules on
flammability apply to textiles used in the public sector, the transport sector and business sector, but
rules for domestic use are less consistent.

According to information obtained from the bromine industry the use of C-PentaBDE as hydraulic fluid
(as a component of a mixture) in petroleum borings and mining was discontinued 10-20 years ago.

Australia has reported uses in manufacture of polyurethane foams for refrigerators and packaging, and
in epoxy resin formulations supplied into aerospace market and for use as potting agents, laminating
systems and adhesive systems. The US has reported use of C-PentaBDE in the aircraft industry. There
is no use of C-PentaBDE in newer aircraft, and thus no exposure of the public, but C-PentaBDE is still
used in military aircraft.

2.1.2 Global demands for brominated flame retardants in the future

According to a market analyst consulting company, the global demand for flame retardants is expected
to grow at 4.4% per year, reaching 2.1 million metric tons in 2009, valued at $4.3 billion. Growth will
largely be driven by gains in developing countries in Asia (China, in particular), Latin America and
Eastern Europe. Strong increases are forecast for most of the flame retardants. Globally, demand will
be greatest for bromine compounds, due mainly to strong growth in China. Electrical and electronic
uses will grow fastest. Higher value products will continue to make inroads as substitutes for less
environmentally friendly compounds, especially in Western Europe, and chlorine compounds will begin
to be replaced in China by bromine- and phosphate-based and other flame retardants (Fredonia Group
2005).

After a severe falloff in demand in 2001, electrical and electronic applications will continue to recover.
Demand growth for flame retardants will be strongest in such applications. As electronic circuits
become smaller, and more densely packed electronics are subjected to ever higher temperatures, the
need for flame retardants will increase. Construction markets will be the second fastest growing
globally, but in China second place will be held by motor vehicles, followed by textiles, both of which
industries are growing rapidly in that country. Plastics will continue to replace other materials such as
metals and glass in a wide range of products, in order to lower both cost and weight and to allow
improved design and more flexible production. Plastic usage is already widespread and growing in
fields such as transportation, building products and electronics. Plastics must be made flame retardant
for many applications, and as a result some 75% of all flame retardants are used in plastics (Fredonia
Group 2005).

Environmental restrictions vary by region. In Western Europe, Japan and to a lesser extent in North
America, such restrictions will especially limit growth of chlorinated compounds. A ban on some
brominated flame retardants in Western Europe is not expected to spread substantially to other regions,
but 1t will drive the development of alternatives in electrical and electronic equipment for sale on the
world market. Dozens of Asian, European and US companies announced in 2005 that they have

10
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developed or are developing electrical and electronic equipment that does not contain C-PentaBDE. In
Asia, 51% of electronic manufacturers already make products compliant with the ban on PentaBDE in
the EU, and 42% expected to have products that are compliant by 1 July 2006. Officials from
electronics companies and industry consultants expected that the difficulty of keeping product streams
separate would ensure that most electronic equipment sold on the world market would be compliant by
2005 (International Environment Reporter 2006).

2.1.3 Releases to the environment during production

PentaBDE is released into the environment during the manufacturing process, in the manufacture of
products, during their use and after they have been discarded as waste. In addition to working towards a
manufacturing process that does not cause emissions, it is also important to consider the contributions
of emissions from products during use as well as after they have been discarded. Most of the PentaBDE
is released as diffuse pollution during and after the service life of articles incorporating C-PentaBDE
and as small-scale point source pollution from the waste management chain of the end products.

PentaBDE is synthesised from diphenyl ether by brominating it with elemental bromine in the presence
of a powdered iron Friedel-Craft catalyst. The producers of PentaBDE have reported that the major
routes of PentaBDE from this process to the environment are filter waste and rejected matenal, both of
which are disposed of in landfills. Waste water releases of PentaBDE may also occur from spent
scrubber solutions (Peltola et al. 2001).

According to the EU risk assessment of PentaBDE, the emissions in polyurethane production are
assumed to occur prior to the foaming process, when handling the additives (discharges to water) and
during the curing (emissions to air). Releases to air may occur during the curing phase of foam
production, during which the foam stays at elevated temperature for many hours, depending on the
production block size. Emission to air at this stage is estimated to be 1 kg/tonne PentaBDE, but it is
assumed that some of the volatilized PentaBDE condenses in the production room and ends up in the
waste water. The EU risk assessment concludes that 0.6 kg of PentaBDE is released in this way, and 0.5
kg into air, for each tonne of C-PentaBDE used in polyurethane foam production.

Table 2.2 Global production and use of C-PentaBDE in polyurethane foam production, and estimation
of associated releases in 2000 (foam containing 10-18% PentaBDE).

Polyurethane foam | Quantity of Release of Emissions of
production PentaBDE PentaBDE into PentaBDE to air
waste water during production
150,000 tonnes/year | 15,000-27,000 9,000-16,200 7,500-13,500
tonnes/year kg/year kg/year

An important source of release has been associated with the use of liquid flame retardant additives such
as C-PentaBDE in production of polymer foams. Approximately 0.01% (that is, 100 g /tonne) of the
raw material handled during mixing is estimated to be released to wastewater. There is also potential
for release due to volatilization during the curing phase as described above, since foam reaches
temperatures of 160°C for several hours. Wong ez al. (2001) examined the atmospheric partitioning
characteristics of BDEs 47, 99 and 153, and predicted that tetra- and pentabromo-congeners will
become gaseous at warmer air temperatures. Therefore, although the low measured vapour pressure
values for the PBDEs indicate that volatilization is minimal at normal air temperatures, there is potential
for release to air at the elevated temperatures reached during curing (European Communities 2001).
The European Communities (2001) study estimates the overall release of PentaBDE to be
approximately 0.11%, with about one half of this going to air and the other half to wastewater.
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