
Final Report of Phase I of the 
ACAP Project on Brominated 
Flame Retardants (BFRs)

Phase I: Inventory of sources and identification of BFR 
alternatives and management strategies

AMAP Report 2007:6
SFT Report TA-2440/2008





I

Final Report of Phase I of the ACAP Project 
on Brominated Flame Retardants (BFRs)

Phase I: Inventory of sources and identification of BFR alternatives and 
management strategies

Oslo 2007

AMAP Report 2007:6
SFT Report TA-2440/2008



II

Preface
As part of their commitment to follow-up on the findings of the Arctic Monitoring and Assessment Programme 
(AMAP) concerning the State of the Arctic Environment, the Arctic Council Ministers implemented the Arctic Council 
Action Plan to Eliminate Pollution of the Arctic (ACAP).

In response to the AMAP information on brominated flame retardants (BFRs), the Arctic Council Senior Arctic Of-
ficials launched an ACAP project on BFRs at their meeting in Reykjavik in April, 2003. 

In February 2004, BFR experts from Arctic countries held a meeting to develop a BFR project proposal and work 
plan for an ACAP BFR project. The resulting project proposal was endorsed at the November 2004 meeting of the 
Arctic Council Ministers. The ACAP BFR Project Steering Group was established in February 2005 and has held several 
meetings.

This report presents the findings of Phase I of the ACAP BFR Project: Inventory of sources and identification of BFR 
alternatives and management strategies.
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The ACAP BFR Project—a part of the Arctic  Council 
Action Plan to Eliminate Pollution of the Arctic 
(ACAP)—was initiated in response to the findings of the 
Arctic Monitoring and Assessment Programme (AMAP) 
concerning the occurrence of brominated flame retardants 
(BFRs) in the Arctic, and threats posed by BFRs to Arctic 
ecosystems including human populations of the Arctic.1 

Main Conclusions of the Phase I: Inventory of 
sources and identification of BFR alternatives 
and management strategies
Use of BFR chemicals
•	 Flame	retardants	are	used	in	a	variety	of	manufactured	

products, including foam padding used in furniture, 
textiles, building insulation materials, plastics used 
in televisions and computer monitors, printed circuit 
boards, and electrical wiring. Brominated flame retard-
ants (BFRs) have been in use in most parts of the world 
for more than 25 years. 

•	 Because	of	their	high	volume	production	(through	2004	
at least), potential for toxic effects of some BFRs, and 
evidence of increasing levels in the Arctic, the follow-
ing five BFR chemicals and commercial mixtures were 
identified as the BFRs of highest priority with respect to 
Arctic contamination:
– Polybrominated diphenyl ethers (PBDEs), including 

commercial mixtures of PentaBDE, OctaBDE, and 
DecaBDE;

– Hexabromocyclododecane (HBCD);
– Tetrabromobisphenol A (TBBPA).

•	 Flame	retardants	are	used	or	applied	in	manufactured	
products as either additive or reactive BFRs. Additive 
flame-retardants (e.g., DecaBDE and HBCD) are incor-
porated and dispersed evenly throughout the product or 
its surface, but are not chemically bound to it. Reactive 
flame retardants are chemically bound to polymer prod-
ucts. Reactive flame retardants are generally considered 
to have reduced potential for release to the environment 
during product life; however, some may be released 
during handling of raw materials at processing facilities 
and some may be released to the environment during 
end use if some of the reactive flame retardant is not 
fully polymerized. Of the major-use BFRs, only TBBPA 
is used both as an additive (in plastics) and a reactive 

BFR. TBBPA is chemically bound in the majority of its 
applications, but additive use of TBBPA is increasing (in 
Europe at least) due to restrictions on the use of other 
BFRs. This includes products containing a combination 
of reactive and additive TBBPA. 

Presence in the Arctic, Long-Range Transport, Bioaccu-
mulation in Ecosystems, and Human Exposure

•	 BFRs	may	be	released	to	the	environment	at	all	stages	of	
their life cycle. This includes the manufacture of BFRs, the 
manufacture and use of products containing BFRs, as well as 
the disposal and destruction of products containing BFRs.

•	 Release	of	BFRs	from	products	during	their	useful	
life and migration of BFRs from products used in the 
home may constitute a significant source of exposure to 
humans, especially infants via dust ingestion. This could 
apply also for some Arctic residents (i.e., those with a 
typical western lifestyle and access to western goods).

•	 BFRs	tend	to	be	environmentally	stable	and	once	released	
to the environment they may be subject to long-range trans-
port. Some BFRs tend to associate with particles. Atmos-
pheric long-range transport of BFRs, in particular particle-
associated BFRs, is the likely explanation for the widespread 
occurrence of BFRs in the Arctic, at locations far remote 
from major use areas (e.g., the industrialized and populated 
areas of Europe and North America). Little is known about 
transport pathways of BFRs in aquatic systems.

•	 Some	BFRs,	in	particular	components	of	PentaBDE	and	
OctaBDE commercial mixtures, are both persistent in 
the environment and have been found to bioaccumulate 
and to be lipophilic—accumulate in fatty tissues—with 
the result that they enter food chains. HBCD is also 
fat-soluble and may bioaccumulate. Less is known about 
the environmental behavior of TBBPA and DecaBDE 
than of the other BFRs. TBBPA is more water soluble, 
and is therefore found in biota in blood and liver tissue; 
however, it may also form a metabolite, dimethyl-TBB-
PA, which is more lipophilic and may accumulate in fat. 
A further concern is that DecaBDE may debrominate 
in the environment to form lesser-brominated and more 
bioavailable BDE congeners.

BFRs are found across the Arctic, in all environmental 
compartments and in key species, including humans, at 
levels that have been increasing. This has led to concerns 
about possible effects of these chemicals on Arctic ecosys-
tems. Arctic animals, including seals and top predators 
such as polar bears, are especially susceptible to the bioac-
cumulation of lipophilic and persistent organic pollutants 
such as some BFRs. The most commonly identified BFR 
chemicals in the Arctic are components of the PentaBDE 
and OctaBDE commercial mixtures.

Executive Summary of Phase I Results

1 See Annex A to this report or http://amap.no/documents/index.
cfm?action=getfile&dirsub=%2FFact%20Sheets%20%2D%20A
CAP&filename=FINAL%20%2D%20brom%20post%20correct
ions%2D101205%20screen%2Epdf&sort=default
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•	Many	BFRs	have	undesirable	health	and	environmental	
effects. 

•	 In	Arctic	areas,	in	particular	in	communities	with	
traditional lifestyles and/or minimal access to or use of 
BFR-containing products, dietary exposure to BFRs, 
possibly related to accumulation of BFRs in (tradi-
tional) foods, may be the more significant pathway for 
human exposure. 

Production of BFRs and BFR-containing Products in the 
Arctic Countries

The main BFR chemicals used today are the additive 
flame retardants, DecaBDE and HBCD, and the reac-
tive BFR TBBPA. Worldwide market demand for BFR 
chemicals in 2001 included ca. 56,000 tonnes DecaBDE, 
ca. 120,000 tonnes TBBPA, and ca. 17,000 tonnes 
HBCD. Asia, with 59% was the main consumer of BFRs 
globally in 2001, followed by the Americas2  with 26%, 
and Europe with 14%. Between 1999 and 2003, the total 
market demand for these compounds increased by 16% 
from 192,000 metric tonnes to 223,000 metric tonnes 
(with DecaBDE, TBBPA, and HBCD accounting for 
ca. 56,400 tonnes, 145,100 tonnes, and 22,000 tonnes, 
respectively); thus, TBBPA was the main contributor 
to this increase. Total market demand for the various 
BFRs differs considerably between continents. In 2001, 
Asia used mainly TBBPA (75%, compared with 35% in 
America and 40% in Europe). DecaBDE use in America 
and Asia in 2001 was comparable, at ca. 24,000 metric 
tonnes. More than 30% of the total BFR demand in 
Europe in 2001 was for HBCD; HBCD is less used in 
Asia and America.
•	 Until	recently,	PentaBDE	and	OctaBDE	were	also	

major BFRs (worldwide market demand 7500 tonnes 
and 3800 tonnes, respectively, in 2001). In 2004, Pent-
aBDE and OctaBDE production and use (including 
use in imported products) were banned within the EU 
and Norway. The Dead Sea Bromine Group also ceased 
production of OctaBDE at the end of 2004. Some 
states in the USA subsequently introduced similar legis-
lation, and the major manufacturer in the United States 
(Great Lakes Chemicals/Chemtura) voluntarily ceased 
production of PentaBDE and OctaBDE in the USA 
as of 1 January 2005. To complement this phase-out, 
EPA recently ruled that no new manufacture or import 
of Penta-BDE or Octa-BDE commercial mixtures or 
congeners will be allowed without prior EPA review.

As a result of the bans in the EU and Norway, and 
the cessation of production of these BFRs in the USA, 
the new use of PentaBDE and OctaBDE in prod-
ucts production in Canada and the United States has 
declined. For commercial reasons, it is also likely that 

PentaBDE and OctaBDE will no longer be used in sig-
nificant amounts in goods imported to North America.

Inventory of Production and Use of BFRs and  
BFR-containing Products in the Arctic Countries

Information on the production, use, import, and export 
of BFRs and BFR-containing products from Arctic coun-
tries was collected as part of the data gathering for Phase 
I of the BFR project. However, preparation of a complete 
and comprehensive inventory of information for the 
eight Arctic countries was not possible for the following 
reasons:
•	 In	several	countries,	the	necessary	information	is	not	

routinely compiled by the relevant authorities. Conse-
quently, many of the estimates provided were based on 
limited studies and gross assumptions, resulting in large 
uncertainties in the estimates received for components 
of the inventory. 

•	 In	several	countries,	legal	restrictions	(for	example,	busi-
ness confidentiality rules) exist that prevent authorities 
from making data obtained from industry available for 
external use. 

•	 In	particular,	data	are	deficient	for	components	of	the	
inventory associated with imports and exports (of both 
BFRs and BFR-containing products). The complex 
chain of steps involved in manufacturing products—
where different component parts may be produced and/
or assembled in different countries—makes it extremely 
difficult to trace sources or characteristics (such as BFR 
content) of product components or materials.

The table (next page) summarizes the main results of 
the inventory activities conducted during Phase I of the 
project through questionnaire responses submitted by 
participating Arctic countries; it is important, however, to 
recognize the limitations and uncertainties in the data, as 
described above.
•	 According	to	the	results	presented	above,	the	seven	Arc-

tic countries3 listed  consume4 in the order of 100,000 
tonnes of BFRs per year, the majority in the United 
States. An additional unknown amount of BFRs is 
imported to the Arctic countries in products that may 
not be included in the information presented above.

•	The	lack	of	knowledge	concerning	the	content	and	
volume of BFRs in products, and especially in imported 
products, is a challenge if public concerns and consum-
er demands concerning potentially hazardous chemicals 
in their environment is to be met. Several of the Arctic 
countries (Denmark, Finland, Norway, and Sweden) 
have implemented the Aarhus Convention on ‘Access to 
Information, Public Participation in Decision-making 
and Access to Justice in Environmental Matters’, and 

2 Americas includes both North and South America; however, the 
demand is almost entirely associated with North America, and 
primarily the United States.

3 Iceland did not provide any information.
4 Consumption is used here to refer to the cumulative demand 
within a country for (consumer) products containing BFRs, includ-
ing domestically produced products and imported goods.
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as a result of this have an obligation to meet such 
demands, although business confidentiality rules may 
represent a potential obstacle to this.

BFR Releases from Production of BFR Chemicals
•	 Releases	of	BFRs	to	the	environment	occur	during	the	

production of BFR chemicals.
•	The	USA	is	the	only	Arctic	country	currently	produc-

ing BFRs (ca. 40,000 tonnes in 2001), at production 
facilities located south of the Arctic. The U.S. Toxic 
Release Inventory (TRI) reported releases to air associ-
ated with production of BFR chemicals in the United 
States in 2003 of 31 tonnes of DecaBDE and 33 tonnes 
of TBBPA; releases of HBCD are not reported in the 
TRI. Russia previously produced BFRs: ca. 200 tonnes 
(mainly HBCD) between 2000 and 2004; however, 
production ceased in 2004 and is not expected to 
resume. Other main producers of BFRs include Israel, 
Jordan, China, Japan, and western European countries 
including Austria, Belgium, France, Germany, Nether-
lands, and United Kingdom.

BFR Releases from Production of BFR-containing 
Products
•	 Releases	of	BFRs	to	the	environment	occur	during	the	

production of products that contain BFRs. Secondary 
manufacturing facilities that use BFR chemicals, there-
fore, represent potentially significant point sources of 
releases of BFRs to air and surface waters. While, from 
available information, all such sources are located south 
of the Arctic, they may still be sources of long-range 
transported BFRs in the Arctic, and therefore need to be 
addressed in actions to reduce Arctic contamination. 

•	 All	seven	Arctic	countries	that	reported	information4	
import BFR chemicals and use them in secondary 
manufacturing of BFR-containing products. The princi-
pal uses of BFRs are in electronic and electrical equip-
ment (EEE), furnishing and textile, and building and 
construction industries. 

BFR Releases from Use of BFR-containing Products
•	 Releases	of	BFRs	to	the	environment	occur	from	prod-

ucts during their product life. Products currently in use 

Country Production of BFR-
containing products
(t BFR/y)

Import of BFRs in 
products 
(t BFR/y)

Export of BFRs in 
products 
(t BFR/y)

Net-usage a 
(t BFR/y)
(Production + Import 
- Export)

Canada 1190 6180 700 6670

Denmark 90 b 160 b 65 b 190+ b

Finland 400 c, d na na na

Norway 100 270 90 280

Russia na 320 e 170 e 150+ e

Sweden 250 b na na na

United States 43000 70000 9000 100000
a Net-usage can be considered to represent the amount of BFRs that are ‘accumulated’ in the country and will ultimately 
enter the waste stream; b mainly TBBPA; c excluding TBBPA amounts; d ca. 90% of the reported use of HBCD in Finland (400 t/y) is 
re-exported in manufactured products; e based on average for reported five-year period; na = not available.

Per capita consumption of BFRs in the Arctic countries (based on net-usage data presented in the table above).
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in the Arctic countries and throughout the world can be 
expected to continue to release BFRs over the coming 
years to decades. These releases may subsequently be 
subjected to long-range (atmospheric) transport.

•	 Use	of	BFRs	is	linked	to	lifestyle	factors,	including	levels	
of demand for BFR-containing (consumer) products, 
and to differences in fire regulation standards and their 
implementation. In general terms, comparing the Arctic 
countries, per capita utilization of BFRs is highest in 
the USA and Canada, lower in the Nordic countries, 
and much lower still in Russia. The Nordic countries 
(Denmark, Finland, Iceland, Norway, and Sweden) can 
be assumed to have generally similar levels of consump-
tion of BFRs.

BFR Releases from Disposal of BFR-containing Products

•	 Releases	of	BFRs	to	the	environment	occur	from	prod-
ucts following (waste) disposal.

•	 BFRs	have	the	potential	to	enter	the	environment	
through air, water, or groundwater pathways in the 
countries where BFR-containing products are disposed 
of. Some of these BFRs could undergo long-range trans-
port to the Arctic.

•	Waste	(generated	from	products)	containing	BFRs	
will be part of waste streams for many years, with the 
characteristics of the waste (including the types of BFRs 
contained in the waste) changing over time and differ-
ing between countries. 

Consumer electronic products containing high-impact 
plastics and printed circuit boards may enter the waste 
stream within a few years of purchase. Mattresses and 
furniture items containing foam padding, carpeting, 
and some textiles may be expected to stay in use for 
10-20 years before becoming wastes. Building insula-
tion and wire cabling may not become wastes for many 
decades. 

•	 Although	new	use	of	PentaBDE	and	OctaBDE	in	the	
Arctic countries is no longer considered to represent a 
major source of these BFRs, product wastes containing 
PentaBDE and OctaBDE can be expected to enter the 
waste stream for several decades. Releases from waste 
disposal sites may result in continuing contamination 
of the Arctic by PentaBDE and OctaBDE for some 
time to come, in addition to the primary BFRs cur-
rently in use (DecaBDE, TBBPA, and HBCD) and new 
alternative chemicals (including some other BFRs) that 
continue to enter the market.

Regulatory Systems and Management Practices

Chemicals and Products
•	 Of	the	five	BFRs	most	commonly	used	in	2001,	only	

PentaBDE and OctaBDE are currently subject to com-
prehensive regulatory bans that apply in EU countries 
and Norway, and in some states in the USA. PentaBDE 

and OctaBDE are currently proposed for inclusion in 
the Stockholm Convention and the POPs Protocol to 
the UN ECE Convention on Long-Range Transbound-
ary Air Pollution.

•	 Polybrominated	biphenyls	(PBBs)—a	further	group	of	
brominated chemicals with fire-retardant properties—
were subject to restrictions in the 1970s and 1980s. 

•	 Several	Arctic	countries,	notably	Sweden,	Norway,	
Denmark, and Canada, are in the process of introduc-
ing or developing action plans, national legislation, or 
regulations that restrict the use of various BFR chemi-
cals. In the United States, voluntary rather than regula-
tory approaches have been adopted to reduce use and 
releases of BFRs, and multi-stakeholder partnerships are 
being developed to better understand the environmental 
and health aspects of BFRs and BFR alternatives. BFRs 
are not currently regulated under national legislation in 
Russia and therefore there are no legal requirements for 
authorities to compile data on the use or occurrence of 
these chemicals in Russia. 

•	 All	Arctic	countries	are	participating	to	some	extent	
in conducting risk assessments for BFRs and chemical 
alternatives. 

•	 European	legislation	(applicable	in	Denmark,	Finland,	and	
Sweden, and also adopted by Norway) includes the EU 
Directive on the Restriction of the use of certain Hazard-
ous Substances in electrical and electronic equipment 
(RoHS Directive). The RoHS Directive requires that, from 
July 2006, manufacturers substitute contaminants includ-
ing PBBs and PBDEs in new electrical and electronic 
equipment in order to prevent problems during the waste 
management phase. DecaBDE in polymeric applications is 
currently exempted from the RoHS Directive.

•	 Industry	initiatives,	such	as	the	BSEF-sponsored	Vol-
untary Emission Control Action Plan (VECAP), a joint 
initiative between the manufacturers of DecaBDE and 
the main users (the plastics and textiles industries), are 
aimed at reducing industrial emissions through volun-
tary actions based on best available technologies (BAT). 
Such initiatives could avert the introduction of new 
(and presumably more restrictive) regulatory measures. 

Waste

•	 BFR	releases	from	products	to	the	ambient	environ-
ment, and thus to the Arctic environment as a result of 
long-range transport, are expected to be most significant 
when the products are disposed of after their useful life. 

•	 At	the	end	of	their	useful	life,	products	with	BFRs	
are subject to waste management processes that may 
include special handling, recycling, disposal in landfills, 
or incineration. 

•	 Differences	in	handling	of	BFR-containing	waste,	
especially electronic and electrical waste, within the 
Arctic countries are very distinct. Nordic countries 
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mainly recycle or incinerate electronic and electrical 
(EE) waste following EU regulations, whereas Canada 
and USA rely on landfilling as the major waste disposal 
method. Landfilling is also a major waste disposal 
method in Russia, with few alternatives in most Arctic 
areas of Russia. New EU legislation is being planned 
that could further radically alter waste disposal practices 
for all types of waste in European countries, including 
a further move away from landfilling to recycling and 
incineration.

•	 European	legislation	on	waste	handling	(applicable	in	
Denmark, Finland, and Sweden, and also adopted by 
Norway) includes the Waste Electrical and Electronic 
Equipment Directive (WEEE Directive). The WEEE 
Directive, adopted in 2003 and to be implemented by 
2007, requires that plastic containing brominated flame 
retardants has to be separated from other waste and that 
this plastic has to be recycled, incinerated or deposited 
at approved facilities. 

•	With	the	exception	of	electric	and	electronic	devices	in	
Europe, virtually all BFR-containing consumer prod-
ucts, furniture, and textiles are disposed without specific 
requirements for waste management after approximately 
15–20 years of useful life, often less in the case of con-
sumer electronics.

Ongoing landfilling of, in particular, PentaBDE-con-
taining products can be expected to continue until at least 
2025. These wastes therefore constitute a ‘legacy’ of past 
PentaBDE consumption. For DecaBDE, HBCD, and 
TBBPA, no end to landfilling can be expected within the 
near future, if regulations or other methods to promote 
waste management (including state-of-the-art waste 
incineration and recycling) do not come into effect. 

•	 According	to	Norwegian	waste	regulations,	products	
(at end of product life) containing more than 0.25% of 
either HBCD, TBBPA, Penta-, Octa-, or DecaBDE are 
classified as hazardous waste. No other Arctic countries 
employ similar operational criteria for defining hazard-
ous waste based on BFR content.

Knowledge Gaps

Management options for dealing with BFRs and BFR-
containing products, in particular wastes associated with 
these products, require appropriate knowledge and in-
formation regarding a number of issues. Knowledge gaps 
concerning BFRs are considerable. Some of the gaps in 
knowledge highlighted in Phase I of the project are listed 
in the table: (below)

Knowledge Gap Issues / Example questions

Lack of Information on BFR use in Products ;
Lack of Information on Emissions during 
Manufacturing

Identifying which products contain BFRs, and in what amounts (a 
major undertaking). 
Need for provision of information from companies and their represent-
ing organizations (as opposed to national authorities) implies a greater 
emphasis on corporate responsibility to make available relevant data 
and information; where necessary, placing the obligation on the 
companies producing, trading, and using BFRs to deliver the necessary 
information. 

Lack of Information on Releases from In-Use 
Products and Direct Exposure of Consumers 

What is the direct exposure of consumers to BFRs?

Knowledge Gaps concerning Emissions and 
Releases at End of Product Life:

Many knowledge gaps, for example:

> Recycling, Emissions during Recycling, 
and Recycling Efficiency

Can ‘fluff’ (the light waste fraction after scrap metal shredding), which 
contains less flame retardant than the allowed limit for hazardous 
waste, be treated as ordinary waste? 
What is the disposal volume of TBBPA-treated wire boards at their end-
of-life? And how much TBBPA is imported in Printed Wire Boards inside 
electronics?

> Incineration Can BFR-containing products be incinerated in an environmentally 
sound manner?

> Releases from Landfills, including Con-
tamination of Groundwater and Emissions 
to the Atmosphere

Are there adverse environmental impacts from disposal of BFR-con-
taining plastics, foams, textiles, or other products in landfills?

> Sewage Treatment Efficiency and Con-
tamination via Sludge

Is it environmentally acceptable to apply biosolid from a wastewater 
treatment plant to land if there are BFR chemicals present?

Health Risks and Risk Assessments of BFRs and 
Alternatives 

Is knowledge adequate to allow risk assessment of new products and 
substitutes?
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1. Introduction
1.1 ACAP BFR Project Background and  
Objectives
Arctic Council Focus on Brominated Flame 
 Retardants

Brominated Flame Retardants (BFRs) are a group of 
chemicals that has attracted increasing attention from 
scientists, government agencies, and the general public in 
recent years. These chemicals are produced in high vol-
umes and are used in a variety of manufactured products 
(e.g., foam padding used in furniture, textiles, building 
insulation materials, plastics and printed circuit boards 
used in televisions and computers, etc.). In the event of a 
fire involving these products, BFRs inhibit ignition and 
rate of fire growth, thereby allowing more time for people 
to extinguish or escape the fire.

BFRs are found to be widely distributed in the environ-
ment and some are also found in humans at levels that 
have been increasing. These findings have raised concerns 
about the potential risks to human and environmental 
health from exposure to BFRs. 

The AMAP assessment ‘Arctic Pollution 2002’ (AMAP, 
2002) found that BFRs, such as polybrominated diphenyl 
ethers (PBDEs), were present throughout the Arctic in air, 
sediments, and biota (including humans). The presence 
of these chemicals in areas remote from sources or high 
use areas provides evidence that some BFRs are persistent 
in the environment and can undergo long-range trans-
port. Some BFRs exhibit toxic properties that are similar 
to those of chemicals such as polychlorinated biphenyls 
(PCBs) that have been banned or restricted due to con-
cerns about environmental contamination and possible ef-
fects of human exposure (de Wit et al., 2006). The AMAP 
report (AMAP, 2002) also documented rapidly increasing 
levels of PBDEs between 1980 and 2000 in the Canadian 
Arctic, and therefore identified BFRs as an emerging issue 
of concern for the Arctic. The most recent AMAP findings 
are summarized in a Fact Sheet5, see Annex A.

The Arctic Council Ministers responded to this in-
formation by instituting the Arctic Council Action Plan 
(ACAP) project on Brominated Flame Retardants.

BFR Project Objectives

The ACAP Brominated Flame Retardants Project that was 
approved at the Arctic Council Ministerial Meeting on 24 
November 2004 has the following objectives:
1. Reduce or eliminate sources and releases of BFRs that 

are found in the Arctic environment;
2. Identify and develop safe waste-handling and recycling 

practices for BFR-containing products; and 

3. Identify alternative flame retardant chemicals and tech-
nologies and promote safe alternatives.

The ACAP BFR project is divided into three phases:
•	 Phase	I:	Inventory	of	sources	and	identification	of	BFR	

alternatives and management strategies;
•	 Phase	II:	Identification	of	actions	to	reduce	or	eliminate	

priority sources and releases; 
•	 Phase	III:	Implementation	of	pilot	projects	to	reduce	or	

eliminate BFR releases.

1.2. Purpose of this Report
The purpose of the Phase I Report (this report) is to:
1. Describe what BFRs are and how they are used.
2. Indicate why BFRs are a potential threat to human 

health and the environment.
3. Summarize by reference the monitoring data on BFRs in 

the Arctic environment.
4. Identify sources and releases of BFRs that are found in 

the Arctic environment:
•	 Production	of	BFRs;
•	 Production	of	products	with	BFRs;
•	 Use	of	products	with	BFRs;
•	 Waste	management	and	disposal	of	products	with	BFRs.

5. Identify further knowledge needed to improve manage-
ment of BFRs and products with BFRs.

6. Identify and collect existing information on alternative 
flame retardant chemicals and technologies.

7. Identify existing or planned management practices and 
strategies to reduce or eliminate BFR releases to the 
Arctic environment.

1.3. Flame Retardants—Background  
Information 
Types of Flame Retardants

In general, flame retardants act in one of two ways: either by 
preventing ignition (e.g., by increasing the net heat capacity of 
the product) or by preventing the spread of a fire by reacting 
with the product and forming a less flammable char or non-
combustible gaseous layer along the boundary of the fire. 

Flame retardants can be divided into two broad catego-
ries: additive or reactive, which can be further divided into 
brominated or non-brominated sub-categories. 
•	 Additive	flame	retardant	chemicals	can	be	added	to	a	

manufactured product without bonding or reacting with 
the product. They are incorporated and dispersed evenly 
throughout the product, but are not chemically bound to it.

•	 Reactive	flame	retardants	are	chemically	bound	to	
polymer products either by incorporating them into the 
polymer backbone during the polymerization  reaction or 
by grafting them onto it. However, some of the reacti  ve 5 http://amap.no/documents/index.cfm?action=getfile&dirsub=%

2FFact%20Sheets%20%2D%20ACAP&filename=FINAL%20
%2D%20brom%20post%20corrections%2D101205%20
screen%2Epdf&sort=default
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flame retardant may not have polymerized and residues 
may be released to the environment during end use. 

•	 Brominated	flame	retardants	react	chemically	to	
prevent the spread of a fire by introducing the released 
bromine to react with the burning material in place of 
oxygen, thus slowing combustion.

•	 Non-brominated	flame	retardants	quench	the	flame	by	
forming an intumescent, resinous char on the surface 
of the material into which they have been added. This 
char insulates and protects the material from further 
decomposition. The flame retardant in the system then 
expands, helping to form an insulating barrier that 
limits further damage to the polymeric material.

BFRs of Particular Concern to the Arctic Environment

Brominated flame retardants have been in use in most parts 
of the world for more than 25 years. The most commonly 
used commercial BFR chemical mixtures in 2001 included:
•	 Polybrominated	diphenyl	ethers	(PBDEs),	including	

commercial mixtures of PentaBDE, OctaBDE, and 
DecaBDE;

•	 Hexabromocyclododecane	(HBCD);
•	 Tetrabromobisphenol	A	(TBBPA).

Because these five BFRs were (and in some cases con-
tinue to be) widely produced and used, and because they 
have been found in the Arctic environment in levels that 
are increasing, the ACAP BFR project is focused primarily 
on these commercial BFR chemical mixtures. 

Unless otherwise stated, in this report the term ‘BFRs’ 
is generally used to refer collectively to PBDEs, HBCD, 
and TBBPA, including summed amounts of PBDEs, 
HBCD, and TBBPA when referring to (semi-)quantita-
tive information on ‘BFRs’. 

Estimated annual worldwide market demand for the three 
PBDE commercial mixtures, TBBPA, and HBCD in 2001 is 
given in Table 1.1. The table also includes annual worldwide 
market demand for DecaBDE, TBBPA, and HBCD in 2002 
and 2003; however, there is no information available on the 
regional breakdown for these years (BSEF, 2006).

The primary end-use for most PBDEs is in plastics, due 
to the inherent flammability of many polymers. PBDEs 
have seen widespread and growing use in the transporta-
tion sector (motor vehicles, aircraft, etc.), in construction 
products, and in electrical and electronic goods. Smaller 
markets include textiles, adhesives and sealants, and rub-
ber products and coatings.

Each individual PBDE variant, distinguished from 
others by both the number of bromine atoms and their 
placement in the molecule, is referred to as a congener. In 
theory, there could be as many as 209 PBDE congeners; 
however, the number of congeners that are commonly 
found in commercial PBDE products and in measurable 
amounts in humans and the environment is much smaller 
(see Table 1.2).

There are three types of commercial PBDE products, re-
ferred to as Pentabromodiphenyl ether (PentaBDE), Octab-
romodiphenyl ether (OctaBDE), and Decabromodiphenyl 
ether (DecaBDE). Each of these commercial products, 
however, actually contains a mixture of various PBDE con-
geners; this is particularly so in the case of PentaBDE and 
OctaBDE, whereas commercial DecaBDE is fairly pure.

The terms PentaBDE, OctaBDE, and DecaBDE are 
used in this report to refer to the commercial mixtures 
of PBDEs rather than to BDE congeners with specific 
numbers of bromine atoms.

PentaBDE OctaBDE DecaBDE TBBPA HBCD
Americasa 7100 1500 24500 18000 2800
Europe 150 610 7600 11600 9500
Asia 150 1500 23000 89400 3900
Rest of World 100 180 1050 600 500
Total (2001) 7500 3790 56100 119700 16700
Total (2002) - - 65700 150600 21400
Total (2003) - - 56400 145100 22000
a The term ‘Americas’ is understood to include countries in both North and South America – however by far the largest part of this demand is 
attributable to North America, and specifically to the United States.

Table 1.1. Estimated annual worldwide market demand in 2001 by region, and total estimated demand in 2002 
and 2003 (metric tonnes) (BSEF, 2006)

PBDE Congeners and Commercial Mixtures

PBDEs are a family of chemicals with a common structure 
of a brominated diphenyl ether molecule which may have 
from one to ten bromine atoms attached (Figure 1.1).

Figure 1.1. General structure of a polybrominated 
diphenyl ether molecule.
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Congener Bromine Atoms Chemical Name
BDE-28 3 2,4,4’-tribromodiphenyl ether
BDE-47 4 2,2’,4,4’-tetrabromodiphenyl ether
BDE-85 5 2,2’,3,4,4’-pentabromodiphenyl ether
BDE-99 5 2,2’,4,4’,5-pentabromodiphenyl ether
BDE-100 5 2,2’,4,4’,6-pentabromodiphenyl ether
BDE-153 6 2,2’,4,4’,5,5’-hexabromodiphenyl ether
BDE-154 6 2,2’,4,4’,5,6’-hexabromodiphenyl ether
BDE-183 7 2,2’,3,4,4’,5’,6-heptabromodiphenyl ether
BDE-197 8 2,2’,3,3’,4,4’,6,6’-octabromodiphenyl ether
BDE-206 9 2,2’,3,3’,4,4’,5,5’,6-nonabromodiphenyl ether
BDE-209 10 2,2’,3,3’,4,4’,5,5’,6,6’-decabromodiphenyl ether

TBBPA 

Tetrabromobisphenol A (TBBPA) belongs mainly to the 
reactive category of brominated flame retardants and 
is a representative of brominated phenolic xenobiotics 
(Figure 1.2). Its major use is in printed circuit boards 
that are found in >90% of today’s electrical and elec-
tronic products (www.ebfrip.org). Of all major-use BFRs, 
only TBBPA is used both as an additive (in acrylonitrile 
butadiene styrene (ABS) plastics) and a reactive BFR (Fact 
sheet TBBPA; BSEF, 2004). 

Polybrominated Biphenyls (PBBs)

In addition to the above-mentioned BFRs, polybromi-
nated biphenyls (PBBs) are a further group of brominated 
chemicals with fire-retardant properties. However, since 
PBBs were subject to restrictions in the 1970s and 1980s, 
current concerns regarding environmental contamina-
tion by these chemicals are less than those for the BFRs 
described above. 

Polybrominated biphenyls were prohibited in the USA 
in 1976, and hexabrominated biphenyls (HexaBBs) were 
banned in Europe in 1980. Decabromobiphenyl (De-
caBB) formulations were banned from products that come 
into direct contact with skin; however, an exemption 
was granted so that PBBs could be used in France until 
2000 for the production of DecaBB. There is no known 
production of DecaBB today.

The EU Directive on the Restriction of the use of 
certain Hazardous Substances in electrical and electronic 
equipment (EU RoHS Directive) also bans the use of 
PBBs in electronic and electrical equipment (EEE).

1.4 Why BFRs are a Potential Threat to Human 
Health and the Environment
Environmental Persistence and Bioaccumulation 
Potential

Because BFRs are extremely stable, they can spread 
through the environment and accumulate in food chains 
and in soils and sediments, where they are only slowly 
degraded.

It has been shown that some BFRs, such as compo-
nents of PentaBDE and OctaBDE, are not only persistent 
in the environment but also undergo long-range trans-
port. They have been found in both field and labora-
tory studies to bioaccumulate, and to be lipophilic, i.e., 
accumulate in fatty tissues, with the result that they enter 
food chains. 

Table 1.2. Selected PBDE congeners commonly found in commercial mixtures and the environment

Figure 1.2. Structure of tetrabromobisphenol A.

HBCD

Hexabromocyclododecane (HBCD, Figure 1.3) is used in 
thermal insulation foam, cellular rubber, and in the back-
coating of textiles. It is manufactured as a technical product 
that contains not less than 96% of the major substance. 
Technical HBCD mixtures consist primarily of three differ-
ent isomers, α-, β-, and γ-HBCD (Law et al., 2005).

Figure 1.3. Structure of hexabromocyclododecane.
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Like the PBDEs, HBCD is also fat soluble and may 
bioaccumulate. This, together with the extensive use 
of HBCD as a flame retardant, particularly in Europe, 
makes controlling the environmental distribution of this 
compound an issue of concern. Whereas the γ-isomer is 
predominantly found in the environment in sediments, 
the α-isomer is selectively bioaccumulated in biological 
matrices, even though this stereoisomer represents less 
than 10% of commercial mixtures.

Less is known about the environmental behaviour of 
TBBPA and DecaBDE than for the other BFRs discussed 
in this report. TBBPA is more water soluble, and is there-
fore found in blood and liver tissue of organisms; how-
ever, it may also form a metabolite, dimethyl-TBBPA, 
which is more lipophilic and may accumulate in fat.

A further concern is that DecaBDE (BDE-209) may 
debrominate in the environment, forming lesser-bro-
minated BDE congeners, which may be more bioavail-
able and exhibit higher toxicity than BDE-209 itself. 
DecaBDE has been demonstrated to debrominate under 
environmental conditions. Possible pathways that have 
been reported include photolysis, anaerobic debromina-
tion in sediment or sludge, debromination in biological 
organisms, and mineral-mediated debromination.

Presence in the Environment

BFRs are ubiquitous in the environment. They have been 
found in Arctic air, in sediments of many European riv-
ers, in fish and shellfish from the Baltic Sea, in Norwe-
gian lakes, in biota in the Barents region, in fish caught 
off Iceland, and in Arctic seabirds and marine mammals. 
Arctic animals, including seals and top predators such 
as polar bears, are especially susceptible to bioaccumula-
tion of lipophilic and persistent substances such as some 
BFRs. 

A small number of the PBDE congeners are found 
most frequently, and at the greatest concentrations, in 
human and environmental samples. Of the PBDE conge-
ners, BDE-47 tends to predominate in humans, fish, and 
other biota, followed by BDE-99, BDE-100, BDE-153, 
and BDE-154. In samples of household dust, sediments, 
and indoor air, BDE-209 (DecaBDE) is the predominant 
congener.

DecaBDE also appears to be persistent and has been 
found at low levels in some organisms. For example, 
adipose tissues from polar bears collected in 2001–2003 
on Svalbard, Norway, have recently been analysed for 
decabromodiphenyl-ether (Sørmo et al., 2006). De-
caBDE was present at low but detectable levels in all 
samples. Another study (Verreault et al., 2004) demon-
strated detectable levels of DecaBDE in plasma and eggs 
of glaucous gulls from Bear Island (Barents Sea), increas-
ing the body of evidence that suggests that DecaBDE is 
bioavailable to a number of bird species. A summary of 
recent monitoring data on BFRs in the Arctic is included 

in Annex A, based on information presented in de Wit et 
al. (2006).

A production plant that released up to 1 tonne HBCD 
per year to the North Sea, a possible route for marine 
transport to the Arctic, has been closed and the plant 
demolished. 

In the Baltic region, PCB concentrations in air have been 
declining, such that the input of BDEs (especially BDE-209) 
from atmospheric deposition to the Baltic now exceeds that 
of PCBs by a factor of almost 40 (Ter Schure et al., 2004).

Studies (SFT, 2002) show that BFRs can leak from 
landfills, although at low concentrations. When waste 
containing brominated flame retardants is incinerated, 
brominated dioxins may be formed, although, to date, 
studies reporting the detection of anthropogenic bromi-
nated dioxins in the environment are few.

Health Concerns

A number of BFRs have undesirable health and environ-
mental effects. Studies have been conducted in laboratory 
animals to gain a better understanding of the potential 
health risks of PBDEs. 

Studies of various commercial mixtures and individual 
congeners have suggested potential concerns about liver 
toxicity, thyroid toxicity, developmental toxicity, and 
developmental neurotoxicity. These findings raise particu-
lar concerns about potential risks to children. In addition, 
the presence of PBDEs in household dust and breast milk 
indicates that there are likely to be pathways of exposure 
to PBDEs that are of particular relevance for children. 
However, there remains much to learn about both expo-
sure to PBDEs and the potential health effects; and there 
are different concerns for the different PBDEs. 

A rapid upward trend in the levels of some PBDEs was 
observed in humans and the environment during the period 
1980–2000. However, for those PBDEs subject to regula-
tory or voluntary controls, there is evidence that levels, at 
least close to major use areas, may have reached a plateau 
around 2000 and since 2002 have begun to decline (Noren 
and Meironyte, 2000; Ikonomou et al., 2002; Norstrom 
et al., 2002). For other BFRs, information on trends is still 
very sparse. Recent data show continuing increases in some 
Arctic areas, and BFRs have been detected in human breast 
milk and blood/plasma from women in northern Norway 
and Russia (Figure 1.4). 

A number of studies have investigated human and 
environmental exposures to BFRs; however, information on 
the primary routes by which BFRs accumulate in humans 
is still very limited. The most likely sources of human 
exposure to PBDEs for the general population in developed 
countries are in the home, through inhalation and inges-
tion of dust particles, and through dietary ingestion of food, 
particularly animal and dairy products. In addition, nursing 
infants may be exposed through transfer of PBDEs in their 
mother’s breast milk (potentially the largest contributor to 



5

lifetime exposure), and small children through inadvertently 
ingesting house dust when crawling. Infants and small chil-
dren may therefore be exposed to higher levels than adults 
(Stapleton et al., 2006; Jones-Otazo et al., 2005). 

Exposure Potential in Arctic Regions

The shift towards an increasingly Western ‘consumer’ 
lifestyle in some Arctic communities will result in an associ-
ated increasing risk of exposure to ‘lifestyle-pollutants’ such 
as BFRs, as modern technology and furniture enter Arctic 
homes. Additionally, Arctic populations may face a risk 
of exposure to BFRs through the intake of foods that are 
consumed as part of the traditional diet, in particular foods 
from hunted animals with a high fat content that may accu-
mulate BFRs. Traditional food items that have been found 
to be contaminated with BFRs include polar bears, seals, 
whales, and seabird eggs. 

Elevated levels of certain BFRs in human tissue and the 
Arctic environment (see Figure 1.4) have highlighted the 
potential for long-term health effects for inhabitants of the 
Arctic regions. Levels found in populations living on the 
Kola Peninsula and in the Nenets AO are comparable with 
those in industrially developed areas around Moscow (A. 
Konoplev, pers comm.), but substantially lower than those 
reported in the U.S. (Stapleton, 2006).

1.5 Long-Range Transport of BFRs and            
Accumulation in the Arctic Environment

Long-Range Transport Potential

Some BFRs are considered to be persistent organic pollut-
ants (POPs). One of the defining characteristics of persist-
ent organic pollutants is that, due to their environmental 
stability (persistence), they may be subject to long-range 
transport, and thus be found in locations far distant from 
major source or use areas. Monitoring data from remote 
regions, such as the Arctic, have been used as evidence that 
long-range environmental transport has occurred, and that 
a chemical is therefore ‘persistent’ in the environment. The 
Arctic is thus an important indicator region for both assess-
ment of persistence and bioaccumulation of POPs. 

PBDEs, in particular, are often compared to POPs such 
as PCBs due to their generally similar chemical charac-
teristics, environmental behaviour, and possible health 
effects. Accordingly, PentaBDE and OctaBDE have been 
nominated for inclusion under the Stockholm Conven-
tion and the POPs Protocol to the UN ECE Convention 
on Long-Range Transboundary Air Pollution (LRTAP).

PBDEs are a group of compounds with a wide range of 
partitioning properties and thus they display differences in 
their environmental fate. Modelling results indicate that 
when emitted to air, the lighter PBDEs with few bromine 
substitutions have partitioning properties that favour 
transport to and accumulation in the Arctic, whereas the 
more heavily substituted congeners have a much smaller 
potential for transport to the Arctic. For very light BDEs, 
however, degradation will likely prevent most of them 
from undergoing efficient long-range transport. 

Water solubility of PBDEs decreases with increasing 
bromine content. Thus, for example, BDE-47 and BDE-
99 are more water soluble than BDE-209, and therefore 
potentially more mobile in the water phase. Conversely, 
more highly brominated congeners bind more strongly to 
sediment particles, making them less mobile in aqueous 
media. Models therefore predict that the potential for 
Arctic accumulation of PBDEs will be smaller if they are 
emitted into soil or water rather than air (Wania, 2006).

Tetra- and pentaBDEs have been shown to have com-
parable Arctic accumulation potential to the hexa- and 
heptachlorinated PCBs. This suggests that PBDEs and 
other BFRs with similar physical properties undergo long-
range atmospheric transport from urban use areas in the 
northern hemisphere to the remote Arctic areas.

Some Arctic areas, such as the Barents region, are rela-
tively close to the main industrial areas of Europe that are 
major source regions for POPs. Other parts of the Arctic, 
however, are very remote, with few activities that con-
stitute local sources of POPs. With no significant Arctic 
sources, the BFRs found in the Arctic appear to be trans-
ported from distant sources, primarily through long-range 

Figure 1.4. Levels of PBDEs in plasma of adults in Arctic 
Russia. 
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atmospheric transport, although there is currently little 
information on transport of BFRs via aquatic pathways.

In terms of proximity to the Arctic, production facili-
ties for both BFR chemicals and BFR-containing products 
located in countries such as France and the United King-
dom (see Figure 2.2) are major point sources that may be 
closer to the Arctic than those in the United States or Rus-
sia. Long-range transport via atmospheric pathways can 
potentially transport BFRs to the Arctic from anywhere in 
the Northern Hemisphere.

Compared with temperate or tropical environments, 
the cold conditions that prevail in the Arctic favour 
persistence of POPs. The Arctic accumulation potential 
of PBDEs has been studied using several global fate and 
transport models, for example, Wania et al. (Wania, 
2006). 

Long-Range Transport Pathways

The precise mechanisms or pathways by which the BFRs 
move into and through the environment and humans are 
not known. 

Sources of BFRs to the environment include releases 
from manufacturing of the chemicals themselves, manu-
facturing of products such as plastics or textiles, aging and 
wear of products like sofas and electronics, and releases at 
the end of product life (disposal, recycling) (see Section 2). 
These releases can subsequently undergo transport by air 
and water currents, with particle-bound transport being 
an important component (Gouin et al., 2005; Hoh and 
Hites, 2005).

Releases of BFRs from primary BFR manufacturing 
facilities and industries using BFRs in the manufacture of 
products can be significant. These releases include direct 
releases to air and surface waters. Due to the persistence 
of BFRs and the capacity for BFRs to be transported long 
distances, manufacturing facilities are potential sources of 
BFRs to the Arctic.

For example, the release to the atmosphere of ca. 31 
tonnes of DecaBDE and 33 tonnes of TBBPA as pure 
chemical from primary manufacturing facilities in the 
USA in 2003 (U.S. EPA Toxic Release Inventory, http://
www.epa.gov/tri/) represents a significant potential source 
for transport into the Arctic via air currents, in particular 
in association with airborne particles.

In general, levels of PBDEs in humans and the 
environment are higher in North America than in other 
regions of the world (Stapleton et al., 2006), a finding 
that is often attributed to the greater use of PentaBDE in 
North America.

2. Sources and 
 Releases of BFRs 
that are found in the     
Arctic Environment
The complete life cycle of BFRs as chemicals as well as of 
BFR-containing products is a potential release source to 
the environment. This includes the manufacture of BFRs, 
the manufacture and use of products containing BFRs, as 
well as the disposal and destruction of products contain-
ing BFRs (see Section 2.5). 

As part of Phase I of the ACAP BFR project, the eight 
Arctic countries were requested to complete a (semi-
quantitative) questionnaire (Annex B) concerning sources 
and releases of BFRs (including production, import and 
export of BFRs and products containing BFRs, as well 
as use of BFRs). The questionnaire also addressed waste 
management practices in the countries. Responses were 
received from all countries except for Iceland.

Data Availability, Data Confidentiality, and Sources 
of Uncertainty

For several countries, the data requested on the question-
naire are not readily available. In Russia, for example, 
data on BFRs are not routinely compiled due to lack of 
any relevant legislative framework. In other countries, the 
available information depends on resources and priorities 
established within responsible national agencies, both of 
which change with time. Thus, whereas some data may be 
available for major-use BFRs, information on, for exam-
ple, the use of alternatives is minimal.

Often, therefore, the data that were reported for 
this project constitute rather rough estimates, includ-
ing educated guesses and extrapolations from previously 
published figures; this concerns both data on import, 
export and use of BFRs, and data on import and export of 
BFR-containing products. 

In some countries (e.g., Canada, Finland, and the 
USA), companies using BFRs only provide detailed 
information about their uses and sales of chemicals and 
products to supervising national authorities on the basis 
that legislation exists preventing the authorities from 
making any sensitive information available to competi-
tors. This is especially so in cases where only a limited 
number of companies within a country are involved in 
the use, import or export of BFRs, and where concerns 
related to business confidentiality deter release of recent 
or detailed information about amounts used in the 
production of products. Even in countries with relatively 
transparent administrative procedures, the figures con-
cerning individual companies may be restricted. Conse-



7

Approximate population, 
million inhabitants

Approximate population 
within the Arctic (AMAP area), 

million inhabitants

Approximate population within 
the Arctic (AMAP area), %

Canada 32 0.1 0.3
Denmark 5.5* 0.1 1.8
Iceland 0.3 0.3 100
Finland 5 0.2 4
Norway 4.5 0.4 8.9
Russia 143 2 1.5
Sweden 9 0.3 3.3
USA 300 0.5 0.2
* Figure includes population of Greenland (ca. 55,000) and Faroe Islands (ca. 44,000).

Table 2.1. Populations of Arctic countries and the portion of these populations within the Arctic area.

Figure 2.1. Population density in the areas around the 
Arctic.

quently, national authorities, although having access to 
more detailed information on quantities of chemicals, are 
not able to make this information available to projects 
such as the ACAP BFR project due to national rules 
regarding confidentiality. In some cases this has been a 
significant obstacle in this project. 

Therefore, when considering the quantitative informa-
tion presented in the questionnaire responses, it is impor-
tant to bear in mind that the values given are generally 
associated with very large uncertainties, in particular when 
they concern BFRs in imported goods. In some cases, the 
uncertainty associated with a given estimate was repre-
sented by a (large) range. 

The questionnaires requested information relating to 
the period 2000–2004. For the Nordic countries and 
Russia, the information provided was mainly based on 
data for the years 2000–2004; an exception was Denmark, 
where reporting was based on data from 1997, assum-
ing no substantial changes since then unless otherwise 
indicated (for example, declining use and import of De-
caBDE). The Danish response did not include informa-
tion for Greenland or the Faroe Islands. New figures from 
industry were also provided concerning the use of HBCD 
in Norway for 2002 and 2005. Canadian information was 
based on results from an information request under the 
Canadian Environmental Protection Act, 1999 (CEPA, 
1999) conducted for the year 2000, and other data 
gathered by federal authorities. USA data mainly cover the 
period 2001–2003. 

While the issue of uncertainty is an important con-
straint, all attempts have been made to ensure that the 
material presented in this section reflects the main features 
of the information concerning production and use of 
BFRs in the Arctic countries, in a manner that provides a 
valid basis for further development of the project goals. 

Amounts of BFRs used as chemicals and applied in 
consumer products in each country are tightly connected 

to lifestyle habits, existing national regulations concern-
ing fire safety and BFR usage, as well as the number of 
inhabitants using flame-retarded products. Populations 
of the eight Arctic countries are summarized in Table 2.1. 
Population density in the Arctic regions is relatively low 
(Figure 2.1), and with the exception of Iceland, Arctic 
populations generally make up a small proportion of the 
total national population.

2.1 Production, Import, and Export of BFRs as 
Chemicals
Releases of BFRs to air and surface waters from primary 
BFR manufacturing facilities can be significant. Each of 
these facilities is a potential source of BFRs to the Arctic.
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Figure 2.2. Estimated world refinery production of bromine, by country 
(2004), also showing bromine plant capacities (2004) and BFR   
manufacturing plants in Europe (2000). Sources: 
http://www.indexmundi.com/en/commodities/minerals/bromine/
http://www.indexmundi.com/en/commodities/minerals/bromine/bromine_t4.html
http://www.indexmundi.com/en/commodities/minerals/bromine/bromine_t2.html).
and
http://www.ebfrip.org/download/weeeqa.pdf

Notes: (1) In addition to the countries indicated, several other nations, including Iran, 
produced bromine, but output data were not reported; available general information 
is inadequate to formulate reliable estimates of output levels. (2) Not all bromine 
production plants are necessarily producing BFRs.

Production of brominated flame retardants is by far 
the most important market for bromine (see Figure 2.2 
for estimates of world production of bromine). BFRs are 
produced mainly by three companies worldwide: Albe-
marle, Chemtura, and ICL Industrial Products (DSBG). 
Albemarle has plants on three continents, from Houston 
(USA) through European countries (including Belgium, 
France, and Germany), to Osaka (Japan), and Safi (Jordan). 
Chemtura, the result of a merger between Crompton Cor-
poration and Great Lakes Chemical Corporation, is among 
the world’s largest producers and marketers of bromine and 
brominated specialty chemicals and has plants in the USA 
and European countries (including the United Kingdom 
and France). With its headquarters in Beer Sheva (Israel), 
DSBG has highly sophisticated installations in Israel, the 
Netherlands, and China. Locations of BFR manufacturing 
plants in Europe are also shown in Figure 2.2.

The market for flame-retarding materials in Russia and 
in CIS (Commonwealth of Independent States) coun-
tries is poorly developed, since flame-retardant additives 
are considered to make products more expensive. OJSC 
ALTAIKHIMPROM is the only Russian company that 
has produced brominated flame retardants in recent 
years, with production primarily of HBCD and tetrab-
romoparaxylene. Production at this plant ceased in 2004. 

The main BFR chemicals used today are the additives 
decabromodiphenyl ether (DecaBDE), and HBCD, and 
the reactive TBBPA. Between 1999 and 2003, the total 
market demand for these compounds increased by 16% 
from 192,000 metric tonnes to 223,000 metric tonnes 
(BSEF, 2006). TBBPA is the main contributor to this 
increase (Figure 2.3). 

Until recently, PentaBDE and OctaBDE were also 
major BFRs, contributing respectively 7500 tonnes per 
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Figure 2.3. Worldwide market demand for BFRs, 1999–
2003.

Figure 2.4. Total market demand by region in 2001 (in thousands of metric tonnes) (BSEF, 2006).

year and 3800 tonnes per year to the worldwide market 
demand for BFRs (Table 1.1). However, the use of these 
chemicals ceased in Europe following bans by the Eu-
ropean Union (EU), and after similar restrictions were 
introduced in some states in the USA, the main producer 
(Great Lakes Chemicals/Chemtura) voluntarily ceased 
production in the USA as of 1 January 2005, marketing 
an alternative chemical in their place. 

When considering the potential influence on the Arctic 
environment, it is necessary to take Asia into account as 
well as North America and Europe. In terms of latitude, 
the proximity of use areas in Asia to the Arctic is not dis-
similar to that of the main use areas in the United States. 
Asia is also a major BFR user/producer, both in its own 
right and as an exporter of BFR-containing goods to other 
countries. In 2001, with 59% of the consumption, Asia 
was the main consumer of BFRs globally, followed by the 
Americas with 26% and Europe with 14% (Figure 2.4). 

The total market demand for the various BFRs differs 
considerably between the continents. Asia uses mainly 
TBBPA (75%, compared with 35% in America and 40% 
in Europe). On the other hand, DecaBDE use in America 
and Asia is comparable, at ca. 24,000 metric tonnes. 

More than 30% of the total BFR demand in Europe is for 
HBCD, which is less used in Asia and America.

Of all the Arctic countries, only the USA currently 
manufactures BFR chemicals, although Russia also pro-
duced BFRs until 2004. The USA is also a global supplier 
of BFR chemicals.

Of the major BFRs, only HBCD was produced in 
Russia in recent times, at an amount of ca. 30 tonnes per 
year in 2002 and 2003, with production ceasing in 2004; 
this production is not expected to recommence. The 
Ukraine, on the other hand, delivered about 16%, or ca. 
200 tonnes, of Russia’s BFR demand during the period 
2000–2004. These production figures can be compared 
with the U.S. production of ca. 54,000 tonnes of BFRs in 
2001 (estimates based on BSEF market demand figures), 
including ca. 2800 tonnes of HBCD, 18,000 tonnes of 
TBBPA, and 24,500 tonnes of DecaBDE. 

Import and subsequent redistribution of BFR chemicals 
following their application occurs in all Arctic countries to 
various degrees. Norway imports about 32–40 tonnes of 
BFRs as chemicals per year, Denmark 3 tonnes of DecaBDE 
and TBBPA and additional 25 tonnes of other brominated 
compounds, and Sweden 240 tonnes (mainly TBBPA). Fin-
land reported imports of an estimated 1300 tonnes of BFRs 
in 2002 (this value also includes the amounts contained in 
imported products), but at the same time exported more 
than 1000 tonnes of BFRs per year (exported as raw material 
or in products), probably largely associated with its important 
cell phone industry. The amount retained in products in Fin-
land is therefore approximately 300 tonnes per year, which is 
comparable with the amount used in Sweden and Norway. 

A Norwegian production site for cellular rubber was 
closed in 2005, resulting in reduced import of DecaBDE 
as a chemical; however, import of cellular rubber contain-
ing BFRs (including BFRs other than DecaBDE) will 
have increased as a consequence of this change.

Total imports of BFR chemicals to Russia during the 
period 2000–2004 were estimated at ca. 1750 tonnes, 



10

mainly DecaBDE (1070 tonnes) and HBCD (620 
tonnes), but also including 21 tonnes of PentaBDE im-
ported in 2004. The Ukraine supplies approximately 16% 
of Russia’s BFR demand. Very little is known about the 
Ukrainian BFR production activities; the company ‘Brom’ 
(located in Krasnoperekopsk, Autonomous Republic of 
Crimea) is apparently the only producer in the Ukraine. 
Other suppliers of BFR chemicals to Russia include the 
USA (21%), Israel (20%), and Belgium (16%). 

Canadian manufacturers reported importing 1300 
tonnes of PentaBDE, OctaBDE, and DecaBDE and 
between 200 tonnes and 2000 tonnes of TBBPA and 
HBCD combined in 2000, mainly from the USA. 
Discussions with industry indicate that PentaBDE and 
OctaBDE are no longer imported as chemicals into 
Canada and that the import of DecaBDE into Canada in 
2004 was approximately 86 tonnes. 

For the United States, few data on the import of BFR 
chemicals are publicly available, but it is likely that the 
U.S. market demand (ca. 50,000 tonnes in 2001, see 
Table 1.1) is mainly satisfied by its own production. Some 
information on amounts of several bromine compounds 
imported to the USA is available from http://www.index-
mundi.com/en/commodities/minerals/bromine/ (citing 
the U.S. Census Bureau as its source). These include a 
relatively small amount (0.7 tonnes) of TBBPA and 4.4 
tonnes of decabromodiphenyl oxide and octabromodiphe-
nyl oxide; most of these reported imports are from Israel 
(>90%), with China also a source of TBBPA (5% of the 
reported import). 

The USA presumably exports BFRs to most Arctic 
countries, but quantitative information on this was only 
available from Canada and Russia. 

In 2001, according to BSEF, North America and 
Europe together accounted for a market demand of 7250 
tonnes of PentaBDE and 2110 tonnes of OctaBDE, 
which represents ca. 95% and 56%, respectively, of the 
global demand for these chemicals. As of 2005, produc-
tion (and use) of PentaBDE and OctaBDE ceased in 
Europe. Production of these chemicals also ceased in the 
USA in 2005, and it is assumed that when existing stocks 
have been used up (in 2005 or shortly thereafter), use 
of PentaBDE and OctaBDE by industry in the United 
States will also cease. From the information available, it 
is not possible to confirm that this production has not 
been moved to other countries; however, the ban on these 
chemicals in imports (as well as in domestic products), in 
Europe at least, means that much of the market demand 
for PentaBDE and OctaBDE no longer exists.

2.2 Production of Products Containing BFRs
Releases of BFRs from secondary manufacturing facilities 
that incorporate BFRs into their products, e.g., plastics, 
textiles manufacturing, etc., can include direct releases to 
air, surface waters, and landfills. 

The evaluation of the questionnaires revealed several 
fundamental gaps in knowledge necessary to fully assess 
the impact of the production of products containing 
BFRs on the environmental fate of BFRs, as follows:
•	 Information	on	use	in	consumer	products	is	generally	

lacking, with the exception of very specific application 
areas, for example, HBCD in polystyrene foam.

•	 Because	it	is	not	feasible	to	check	the	content	of	all	
flame-retarded parts in complex consumer products 
such as cell phones, computers, etc., information on 
amounts of BFRs in imported products is almost en-
tirely lacking. 

•	 Each	producer	of	BFR-containing	products	or	parts	
uses its own recipe for the application of the BFR, 
mainly determined by specifications for material fire re-
sistance properties and (national) fire safety regulations. 
BFRs generally represent the least expensive compound 
group to meet both simultaneously.

•	Where	estimates	of	amounts	of	BFRs	in	consumer	
product groups are available, they tend to be based 
on gross assumptions regarding volumes of major 
use items that are produced or imported, and limited 
knowledge about BFR content in these products; they 
are therefore subject to uncertainties.
Denmark provided detailed information on different 

types of application by industry of specific BFRs. Although 
the figures given (dating from the late 1990s) may not 
be entirely accurate, the proportions are interesting and 
probably representative of use patterns in the other Nordic 
countries. The questionnaire response from Russia con-
firmed the production of products containing BFRs, but 
did not include further details on numbers or specifications.

Because of the different ways in which BFRs are used 
or applied in products, it is necessary to distinguish 
between additive (PBDEs, HBCD, and to some extent 
TBBPA) and chemically bound BFRs (TBBPA and other 
phenolic substances), with the main concern for environ-
mental releases related to the additive use of BFRs.

TBBPA

The main use of TBBPA is in printed circuit boards, 
where it is used reactively—chemically bound to polymer 
products. TBBPA is therefore used in a large range of 
electrical and electronic equipment, including consumer 
electronics (TVs, washing machines, etc.) and office 
equipment (computers, printers) as well as communica-
tion equipment (fax machines, cell phones, etc.). TBBPA 
is also used as a flame retardant in foam for insulation in 
tunnels. In 2002, Asia accounted for 85% of the world-
wide use of TBBPA, mainly associated with its extensive 
consumer electronics industry. 

TBBPA is chemically bound in the majority (ca. 75%) 
of its applications and thus has reduced potential for 
emissions to the environment (BSEF, fact sheet, 2004); 
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however, due to restrictions on the use of other BFRs, the 
additive use of TBBPA is increasing, at least in Europe. 
Due to the fact that it is more water soluble than the 
other BFRs, an additional concern related to the increased 
additive use of TBBPA is that it may result in long-range 
transport via water currents and thus have toxic impacts on 
aquatic ecosystems.

Risk assessments conducted by the EU concluded that 
large differences exist in the potential for releases between 
additive and reactive uses of TBBPA. The most important 
use of TBBPA, >75% according to BSEF and possibly 
up to 90%, is in printed circuit boards, but this use is 
reactive. The major additive use of TBBPA (ca. 10%) is in 
ABS plastics.

Most countries reported comparable use of TBBPA when 
related to the number of inhabitants (ca. 20–35 t/y/million 
inhabitants). The per capita use in the USA (ca. 60 t/y/mil-
lion inhabitants) is somewhat higher, and in Russia much 
lower (<1 t/y/million inhabitants) (Annex C, Table C1).

HBCD

The main use of HBCD is in expanded and extruded 
polystyrene for thermal insulation foams that are used in 
building and construction and also in some cellular rubber. 
Additionally, HBCD is used in the back-coating of textiles, 
mainly for furniture upholstery where it is used to meet fire 
safety criteria required by legislation in, for example, the 
United Kingdom, Ireland, and California.

The use of HBCD in Finland on a per capita basis is 
considerably higher than that reported for most other 
countries. However, the reported use (400 tonnes/year, or 
ca. 80 t/y/million inhabitants) is based on the total amount 
of HBCD imported, and does not include the fact that ca. 
90% of this amount is subsequently exported in products. 
When this is taken into account, per capita HBCD con-
sumption in Finland is comparable with that in Canada, 
Denmark, and the USA (at around 10 t/y/million inhab-
itants). This is higher than that in Norway, Russia, and 
Sweden (Annex C, Table C2), which have a comparatively 
low per capita consumption of HBCD. In Norway, the use 
of HBCD has been reduced due to changes in construc-
tion methods and procedures employed during and after 
the construction phase, which allow fire requirements for 
new buildings to be met with reduced need for HBCD-
containing products. Although a relatively low per capita 
use of HBCD is reported for Norway, Norway still exports 
ca. 32–40 t/y HBCD following intermediate processing 
of HBCD chemical into granules that are used in other 
manufacturing applications.

DecaBDE

DecaBDE is used in plastics for electrical and electronic 
equipment, and in textile back-coating in furniture. Ad-
ditionally, it is used in the transportation sector and in 
construction and building. 

USA is clearly a major consumer of DecaBDE, using 
up to ca. 80 t/y/million inhabitants, compared to Den-
mark at 13 t/y/mill inhabitants (Annex C, Table C3). The 
other Nordic countries reported even lower amounts. 

PentaBDEs and OctaBDEs

BSEF reported that 150 t/y PentaBDE and 610 t/y 
OctaBDE were used in Europe in 2001. On 15 Au-
gust 2004, the EU banned the use of PentaBDE and 
OctaBDE in all products including electronic and electri-
cal goods. The ban also includes PentaBDE and OctaBDE 
in imported products and articles.

In the USA, 6800 t/y PentaBDE were used in poly-
urethane foam and 3000 t/y in adhesives in 2002. Produc-
tion of PentaBDE and OctaBDE in the USA was discon-
tinued as a result of a voluntary agreement by the major 
producer (Great Lakes Chemicals/Chemtura) at the end of 
2005. However, this voluntary agreement does not cover 
the possible import of products containing PentaBDE and 
OctaBDE. Nor does it preclude recommencement of the 
production of these chemicals at some time in the future. It is 
not yet clear whether the stop in production of the Pent-
aBDE technical mixture by Great Lakes Chemicals/Chem-
tura will also result in a cessation in imports of PentaBDE, 
either as the chemical or incorporated in products. The U.S. 
EPA view is that the continued import of goods containing 
PentaBDE is not likely, as the main use is in foam products 
that are domestically produced rather than imported (import 
of these bulky products would be uneconomical). This, 
however, may not be the case for OctaBDE, which is used in 
plastics. In the USA, approximately 1300 t/y OctaBDE were 
used in ABS plastic for computer casings and monitors. If 
production is merely relocated to other countries and import 
and continued use are unregulated, the problem is not solved, 
only moved. The general expectation is that the voluntary 
phase-out of production will effectively end the use of these 
chemicals in products produced in the United States, that 
non-BDE substitutes will be introduced for the PentaBDE 
and OctaBDE technical mixtures, and that the import of 
these chemicals to the USA will decline and ultimately cease.

Nonetheless, in all Arctic countries the release of and 
exposure to PentaBDE and OctaBDE are likely to con-
tinue for an extended period of time, given the stocks of 
these chemicals contained in existing furniture, electronic 
components, and other products.

Other BFRs

Within the Arctic countries, Norway used ca. 1 tonne of 
disodium tetrabromophthalate in furniture; some import-
ed cellular rubber also contains 1,2-bis (pentabromophe-
nyl) ethane. Denmark reported using an additional 106 
tonnes per year of BFRs other than PBDEs, HBCD, and 
TBBPA, including pentabromotoluene, tetradecabro-
modiphenoxy-benzene, and esters of tetrabromophthalic 
acid. The main uses of these ‘other’ BFRs are in computer 
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6 http://www.mgip.gov.pl/NR/rdonlyres/B7F08C16-6B34-4A20-
9F35-CDDC47990673/17911/RoHSreportnovemberBelgium1.pdf

housings, wires and cables, and car seats. Denmark was 
the only country that reported detailed information on 
use of ‘other’ BFRs. Within Russia, OJSC ALTAIKHIM-
PROM produced 108 tonnes of tetrabromoparaxylene, 
which was used as a BFR.

A 2001 publication for the EU Directorate General 
Environment  identified a number of substitutes available 
for PBBs and PBDEs in plastic parts for electronic prod-
ucts. The report concludes that, for all applications of PBBs 
and PBDEs, the substances can technically be replaced 
by other brominated flame retardants. For most types of 
plastic, halogen-free alternatives existed, but for a few types, 
such as PBT/PET (polybutylene terephthalate/ polyeth-
ylene terephthalate) and ABS, only bromine-based flame 
retardants were available. In this case, replacement implies 
changes in plastic type. The use of TBBPA in additive ap-
plications was identified as one of the main substitutes for 
DecaBDE; TBBPA was also widely used for replacing PB-
DEs and PBBs in European countries. Other flame retard-
ants widely applied as alternatives to OctaBDE were 1,2-bis 
(pentabromophenyl) ethane and 1,2-bis (tribromophenoxy) 
ethane, but a large number of brominated flame retardants 
existed for the different polymer types. Non-halogen alter-
natives existed for many, but not all, of the base polymer 
types. Some of the alternatives were organic phosphorus 
compounds (e.g., organic triaryl- and bisphosphate), mag-
nesium hydroxide, aluminium hydroxide, red phosphorus, 
melamine cyanurate and melamine polyphosphate, and 
ammonium polyphosphate. No non-halogen alternatives 
existed for ABS and PBT/PET. Alternatives to PentaBDE 
for PUR (polyurethane) foams were mainly chlorinated 
phosphoric acid esters, organic triaryl- and bisphosphates, 
ammonium polyphosphate, melamine, or reactive phos-
phorus polyols. Alternatives have been widely applied for 
many years in Europe, where only a small percentage of the 
PUR foams were actually treated with PentaBDE.

Decabromodiphenyl ethane has been identified as an 
emerging BFR due to its observation in the environment 
(Kierkegaard et al., 2004).

Several TBBPA derivatives on the market include:
•	 TBBPA-carbonate	oligomers,	which	have	additive	use	

in ABS, PBT, PC, and PET;

•	 TBBPA	brominated	epoxy	oligomers,	also	called	TBB-
PA diglycidylethers, used as a reactive BFR in HIPS 
(High Impact PolyStyrene), ABS, ABS/PC, and PBT;

•	 TBBPA	bis(2,3-dibromopropylether),	used	as	an	addi-
tive BFR in polyethene, polypropene, and polybutene; 

•	 TBBPA	bis(allylether),	used	as	a	reactive	BFR	in	EPS	
(expanded polystyrene);

•	 TBBPA	bis(2-hydroxyethylether),	used	as	an	additive	in	
many applications (polybutene terephthalate, polycar-
bonate, epoxyresins, polyesters, and polyurethanes). 

2.3 Import, Export, and Consumption of BFR-
Containing Products
All Arctic countries import BFRs as chemicals and pro-
duce products that contain BFRs. Some of these prod-
ucts are for domestic consumption; others may be (re-)
exported, either as finished products or as intermediates. 
However substantial amounts of BFRs—in many cases the 
majority—are also ‘accumulated’ in the Arctic countries as 
a result of the import of goods from other countries. 

There is a potential for the release of BFRs from 
products both during their useful life (see Section 2.4) 
and following disposal (see Section 2.5). The presence of 
BFR-containing materials in the waste stream is one of the 
most significant potential sources of long-term environ-
mental contamination by BFRs, both within the coun-
tries themselves and throughout the Arctic as a result of 
long-range transport. The distribution (and redistribution) 
of BFRs in manufactured products is therefore a major 
determinant in potential routes for emissions of BFRs to 
the environment

Despite the importance of this issue, information con-
cerning the import and export of manufactured products 
(including non-finished products) that contain BFRs 
between different countries and regions is almost entirely 
lacking. The content of various BFRs in different products 
varies considerably. This represents a major obstacle to 
the quantification of the mass balance of BFRs within the 
Arctic countries. 

Reasons for the lack of information include the following:
•	The	complex	chain	of	steps	involved	in	manufactur-

ing products, where different component parts may be 
produced and/or assembled in different countries, all 
of which makes it almost impossible to trace sources 
or characteristics (such as BFR content) of product 
components or materials.

For example, 60% of the market demand for BFRs 
is in Asia, in particular for TBBPA. It can therefore 
be expected that considerable amounts of BFRs are 
incorporated into the large quantities of goods (e.g., 
EE equipment) that are exported by Asian manufactur-
ers to Europe and North America. However, detailed 
quantitative information on the volumes of a particular 
product imported to an individual country from a 
given source region are generally lacking. 

In some cases, it is possible to estimate (with some 
degree of confidence) the percentage of the national 
demand for a particular product that is satisfied by 
imports from a given country or producing region, es-
pecially where a particular trade relationship dominates 
the supply. However, information on the BFR content 
of the products is almost never available. Importers 
normally rely on ‘official declarations’ (self-certification) 
by manufacturers or exporters that a product does not 
contain a particular chemical, but these documents will 
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7 Accumulation is used here to refer to the net accumulation of BFRs 
within a country, i.e., the total amounts of BFRs in products (either 
domestically produced or imported) that are used within the country 
and that will ultimately enter the waste stream in that country.

not normally include information on the alternatives 
that may have been used. 

•	 Confidentiality	issues	(discussed	in	the	introduction	
to Section 2) whereby producers and/or authorities 
in some countries are unwilling or unable to make 
information available on the BFR content of prod-
ucts, components, or materials due to legal regulations 
regarding commercially sensitive information. 

For example, citing business confidentiality regula-
tions, the United States was unable to provide any 
data to the ACAP BFR project concerning estimates 
of imports and exports of either BFR chemicals or 
products containing BFRs. As a global supplier, the 
United States plays a major role in both production 
and export of products containing BFRs. Canada alone 
calculated that up to 6000 t/y DecaBDE and 173 t/y 
TBBPA could be imported from the USA in products. 
Additionally, it is estimated that Canada exports 700 
t/y of BFR-containing products to the USA. 

In its PBDE Project Plan of March 2006 (REF), the 
U.S. EPA has proposed a Significant New Use Rule 
(SNUR) that would require prior notification to the 
U.S. EPA by any manufacturer or importer intending 
to reintroduce PentaBDE or OctaBDE into the U.S. 
The proposed rule would also provide the EPA with 
authority to review the intended production or import 
of PentaBDE or OctaBDE before it begins, and to take 
actions to control potential risks as needed. The time 
frame for enforcement of the SNUR is not known. 

•	 Lack	of	collection	of	relevant	data	in	a	number	of	
countries, including the main exporting countries, 
concerning the volumes or amounts of imported and 
exported products, and their chemical composition.

In the Nordic countries, import and export data speci-
fied for each BFR chemical are difficult to obtain. Den-
mark has estimates for the export and import of TBBPA, 
but no information is available for DecaBDE or HBCD. 

Available Information on Imports and Exports of 
BFR-Containing Products

•	The	ban	on	production	and	use	of	PentaBDE	and	
OctaBDE in countries of the European Union and 
Norway in 2004 also extends to the import (and 
thus export) of products containing these BFRs. As 
discussed in Section 2.2, the voluntary phase-out of 
production of PentaBDE and OctaBDE in the USA is 
also expected to effectively end the use of these chemi-
cals in products produced in the United States, and 
ultimately lead to a decline and elimination of the 
occurrence of PentaBDE and OctaBDE in products 
imported to the USA.

•	 In	relation	to	other	BFRs,	Sweden	reported	limited	
use of DecaBDE and HBCD, with subsequent lim-
ited export and import activity. TBBPA-containing 
products are, however, likely to be exported by Sweden 

owing to its considerable production of electronic and 
electrical (EE) equipment. Data on BFRs in imported 
and exported goods are unavailable for Finland due 
to confidentiality rules, similar to the situation for the 
USA, but the amounts are likely to be at least compa-
rable to those estimated for other Nordic countries, if 
not greater, owing to the highly developed EE industry 
in Finland. Norway provided estimates for each BFR of 
interest, with TBBPA clearly dominating import and 
TBBPA and HBCD dominating the export activities. 
The use of PBDEs in wires and cables and EE equip-
ment in Europe is presumed to have declined signifi-
cantly during recent years, with producers taking action 
in response to the EU RoHS Directive (which covers 
PBBs and  PBDEs, except for DecaBDE in polymeric 
applications), and the EU Waste Electrical and Elec-
tronic Equipment Directive (WEEE Directive), which 
also addresses BFRs in plastic parts.

•	 Russia	reported	the	import	of	products	containing	all	
BFRs of interest during the period 2000–2004, includ-
ing small amounts of PentaBDE (20 tonnes) in furni-
ture and circuit boards. DecaBDE was the main BFR in 
products imported to Russia, with amounts estimated at 
up to 1100 tonnes over this five-year period.

Consumption and Accumulation of BFRs within the 
Arctic Countries

On the basis of available information, it is possible to con-
struct a very rough balance of the ‘consumption’ of BFRs 
within the various countries (see Table 2.2), which in turn 
reflects the amounts that will ultimately ‘accumulate’ in 
waste streams.

Bearing in mind the considerable uncertainties associated 
with some of the estimates used in Table 2.2, the following 
observations can be made, but should be treated with caution:
•	 Of	the	Scandinavian	countries,	only	Norway	reported	

detailed amounts for export and import of BFR-contain-
ing products, making comparisons within Scandinavia 
difficult. The Norwegian values are, however, similar to, 
but slightly higher than, those for Denmark. 

•	 From	the	available	data,	considering	the	balance	of	
import, export, and production of BFRs in products (see 
Table 2.2), the rate of accumulation7 of BFRs in the USA 
(ca. 100,000 t/y) is roughly ten times that in Canada (ca. 
6670 t/y). On a per capita basis, however, consumption 
of BFRs within these two countries is more similar (ca. 
330 and ca. 210 t/y/million inhabitants for the USA and 
Canada, respectively). The Nordic countries and Russia, 
by contrast, have much lower rates of accumulation of 
BFRs, around a few hundred tonnes per year. The scale of 
the problems associated with BFR-containing waste and 
the potential for releases is likely to reflect these patterns.
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Table 2.2. Budget (balance of imports and exports) of BFRs ‘accumulated’ within the Arctic countries, based on 
reported available information (for the year 2001, and the period 2001-2004 in the case of Russia). (Note: the 
values represented in this table are typically the result of calculations involving gross estimation, and are there-
fore subject to considerable uncertainties. In cases where ranges were reported, mid-range values have been 
employed to calculate the balance.)

Country Production of BFR-
containing products
(t BFR/y)

Import of BFRs 
in products 
(t BFR/y)

Export of BFRs 
in products 
(t BFR/y)

Net-usage a 
(t BFR/y)
(Production + Import - Export)

Canada 1190 6180 700 6670

Denmark 90 b 160 b 65 b 190+ b

Finland 400 c, d na na na

Norway 100 270 90 280

Russia na 320 e 170 e 150+ e

Sweden 250 b na na na

United States 43000 70000 9000 100000
a Net-usage can be considered to represent the amount of BFRs that are ‘accumulated’ in the country and will ultimately 
enter the waste stream; b mainly TBBPA; c excluding TBBPA amounts; d ca. 90% of the reported use of HBCD in Finland (400 t/y) is 
re-exported in manufactured products; e based on average for reported five-year period; na = not available.

•	 Information	about	the	production	of	products	con-
taining BFRs in Russia is lacking. While the amounts 
of BFRs accumulated in Russia as a result of imports 
and export of BFR-containing products are similar to 
those in the Nordic countries, Russia has a much larger 
population. 

•	The	amounts	of	BFRs	accumulated	in	Russia	on	a	per	
capita basis (0.7–1.2 t/y/million inhabitants) are substan-
tially lower than those in other countries. Although these 
values would increase if figures for domestic production 
were introduced (by ca. 2.5 t/y/million inhabitants, as-
suming that all imported BFR chemicals are used in the 
domestic production of products), the per capita BFR 
consumption in Russia is still relatively low (1% of that 
in the USA, ca. 5-10% of that in the Nordic countries). 

•	The	per	capita	‘consumption’	of	BFRs	in	North	America	
is considerably higher than that in the Nordic countries 
and Russia; this is also reflected in the consumption 
associated with ‘production of products’ comparing the 
USA, Sweden, and Norway (Table 2.2), though this, in 
part, probably reflects the greater export manufacturing 
capacity of the United States. However, even taking this 
into account, per capita ‘consumption’ of BFRs in the 
USA is approximately five times higher than that in the 
Nordic countries. Part of the explanation for this differ-
ence can be related to differences in the way fire safety 
standards are applied.

•	The	use	of	BFR-containing	products	clearly	reflects	life-
style factors and access to flame-retarded goods, as well 
as regulatory requirements such as differences in fire 
safety standards. 

•	 Notwithstanding	any	observations	concerning	similari-
ties or differences in the amounts of BFRs accumulated 
in the different countries, the amounts of different BFR 
chemicals and the mix of products that contain these 
BFRs that enter the waste stream will differ considerably 
from country to country. 

2.4 Releases from Production and Use of 
BFRs and BFR-Containing Products
Releases during Production of BFR Chemicals and 
Products

Primary BFR manufacturing facilities and secondary pro-
duction facilities using BFR chemicals represent potentially 
significant point sources of releases of BFRs to air and 
surface waters.

In the EU risk assessments, analyses of release pathways 
have been performed, and they are presented here for 
three of the BFRs as illustrative examples of the probable 
situation also in other geographical areas. 
•	 For	DecaBDE,	most	releases	are	believed	to	be	to	the	

aquatic compartment (wastewater and surface water), 
but a substantial amount may also end up in soil via the 
use of sewage sludge in agriculture. According to the 
EU risk assessment, a very small part is thought to be 
released to air, and if so, it is deposited rather rapidly. 

However, in 2003 the production of DecaBDE and 
TBBPA in the United States resulted in the release of 
considerable amounts of the pure chemical into the 
atmosphere (31 tonnes of DecaBDE and 33 tonnes 
of TBBPA according to the U,S, EPA Toxic Release 
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Inventory (TRI) Public Data Release (http://www.epa.
gov/tri/)). By way of comparison, the magnitude of this 
DecaBDE release to air in the United States, although 
only ca. 0.1% of the amount produced, is comparable 
to the amount of DecaBDE that until recently (2004) 
was imported as the chemical to Norway. 

Overall, however, emissions of DecaBDE over the 
service life of products and the disposal of products are 
thought to be larger than those from industrial processes.

•	The	main	release	pathway	for	TBBPA	is	expected	to	be	
to water. In recipient water bodies, TBBPA is distribut-
ed mainly to the sediment. Some release to air occurs, 
but deposition from air to soil and water is expected to 
be relatively rapid. 

•	 In	the	production	of	HBCD	and	in	the	textile	indus-
try, releases are mainly expected to wastewater and 
surface waters. In the production of XPS/EPS/HIPS, 
the releases can differ (mainly to water, mainly to air, or 
to both) depending on the specific production process. 
When released to the air, deposition from air to soil 
and water is expected to be relatively rapid, but long-
range transport has also been indicated.

Releases during Product Life

The principal concern with respect to environmental releases 
and human exposure to BFRs arises from their use in con-
sumer products such as foam for furniture, textiles, plastics in 
consumer electronics, and construction (insulation) materials.

Releases of BFRs from products during their useful 
life have been documented. The migration of BFRs from 
products used in the home may therefore constitute a sig-
nificant source of exposure to humans, especially infants 
via dust ingestion. This would also apply for some Arctic 
residents (i.e., those with a typical Western lifestyle and 
access to Western goods). In other Arctic areas, however, 
access to and consumption of BFR-containing products 
would be minimal. Outside of the indoor environment, 
BFR releases from products to the ambient environment, 
and especially the Arctic environment, are not considered 
to be significant until the products are disposed of after 
their useful life.

2.5 Waste Management and Disposal of    
Products Containing BFRs
At the end of product life, products containing BFRs 
are subject to waste management processes that may 
include special handling, recycling, disposal in landfills, 
or incineration.

Consumer electronic products such as computers and 
printers, containing high-impact plastics and printed 
circuit boards, may enter the waste stream within a few 
years of purchase. Mattresses and furniture items contain-
ing foam padding, carpeting, and some textiles may be 

expected to remain in use for 10–20 years before becom-
ing wastes. Building insulation and wire cabling may not 
become wastes for many decades. Waste products contain-
ing BFRs will therefore be part of the waste stream for 
many years, with the characteristics of the waste (includ-
ing the types of BFRs contained in the waste) changing 
over time. Even though the production of PentaBDE and 
OctaBDE has been phased out in Europe and the United 
States in recent years, waste products containing these 
BFRs will remain for many years. Recycling and combus-
tion include temperature-intensive procedures, which 
can lead to the formation of other hazardous compounds 
(brominated dioxins, etc.). Landfill disposal or general 
dumping of BFR-containing products can similarly result 
in other kinds of decomposition products that may be 
hazardous to the environment under changed physical-
chemical properties.

The potential for releases of BFRs from discarded 
products include:
•	Waste	sent	to	landfills:	BFR	releases	could	occur	from	

landfill leachate to groundwater from landfills with no 
protective liner. Collected leachate from landfills with 
a protective liner could potentially contain BFRs. 
Leachate could also potentially contaminate surface 
waters. 

•	Waste	sent	to	incinerators:	BFR	combustion	products	
could potentially be emitted to the atmosphere.

•	 Recycled	products:	BFR	releases	could	occur	when	
BFR-containing materials, e.g., plastics and foam, are 
recycled. As a result of recycling, BFRs may also be 
introduced into products that have no recognized (in-
tentional) BFR use, and therefore no associated system 
for tracking or collection of wastes.

•	 Improperly	stored	or	disposed	waste:	Products	that	are	
simply dumped on land or in illegal open dumps could 
result in BFR releases to air or surface waters from 
products such as furniture foam and auto shredded 
fluff that will volatilize or crumble into small pieces and 
may become airborne.
Table 2.3 presents an overview of the most impor-

tant national and international regulations in the Arctic 
countries for managing the treatment of BFR-containing 
waste.

Differences in the handling of BFR-containing waste 
within the Arctic countries are very distinct. Nordic 
countries mainly recycle or incinerate EE waste following 
EU regulations, whereas Canada and the USA rely on 
landfilling as the major waste disposal method. Landfilling 
is also a major waste disposal method in Russia, with few 
alternatives in most Arctic areas of Russia. New EU leg-
islation is being planned that could further radically alter 
waste disposal practices in European countries for all types 
of wastes, including a greater move away from landfilling 
to recycling and incineration.
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Country Waste management regulation for products 
containing BFRs

BFR-containing waste treatment

Canada No specific requirements; Regulations on the transbound-
ary movement and tracking of hazardous waste 

Major landfilling, waste import from USA, waste export of 
hazardous waste to the USA; 5-10% recycling rate of EE waste

Denmark EU Directive WEEE 8

EU Directive RoHS 9

No other specific requirements.

Typically: 66% recycled, 25% incinerated, 7% landfilled, 
0.15% special treatment, 0.8% storage

Finland EU Directive RoHS

EU Directive WEEE

Recycling and re-use system of WEEE, minor landfilling of 
EEE; major landfilling of other BFR-containing wastes

Norway Norwegian waste regulations relating to the recycling of 
waste require that products containing more than 0.25% 
of HBCD, TBBPA, Penta-, Octa-, or DecaBDE are classi-
fied as hazardous waste. 

Norway has implemented the EU RoHS and WEEE 
Directives 

Hazardous waste requires special treatment. A contractor 
that processes hazardous waste needs a special permit from 
the authorities. There is mandatory pre-treatment of waste 
from electrical or electronic products and of cars prior to 
landfilling, incineration or fragmentation.

An action plan for twelve prioritized types of hazardous 
waste (including wastes containing BFRs) specifies measures 
for handling these most dangerous types of hazardous waste.

For EE wastes: 70% incineration, 19% export to Swe-
den for recovery/incineration, 11% landfilling

Russia No specific requirements The main waste management procedure is disposal. There 
are few waste incineration or re-cycling plants in Russia.

2600 million tonnes of industrial, agricultural, and 
domestic wastes were produced in Russia in 2003: 51% 
were re-cycled/decontaminated. 

Sweden EU Directive RoHS
EU Directive WEEE
National regulations:
•	 Mandatory	pre-treatment	of	waste	from	electrical	or	

electronic products prior to landfilling, incineration or 
fragmentation (2001). EE waste that has not been pre-
treated by a certified enterprise is classified as hazardous 
waste.[Ordinance (2001:1063) on waste]

•	 Producer	responsibility	for	EE	products	(2001)	[Or-
dinance (2000:208, amended 2005:209) on producer 
responsibility for electric and electronic products]

•	 Ban	on	landfilling	of	combustible	waste	(2002),	
ban on landfilling of organic waste (2005) [Ordi-
nance (2001:512) on landfill of waste] [Ordinance 
(2002:1060) on incineration of waste]

•	 Mandatory	permit	for	treatment	of	waste	(1968)	
[Ordinance (1998:899) on activities hazardous to the 
environment and care of health]

•	 Regulation	and	guidelines	on	management	of	EE	waste	
(2001) [Swedish EPA regulation (NFS 2001:8) on 
commercial pre treatment of waste from electric and 
electronic products]

2004 data:

Recycling (1.3 million tonnes)

Incineration with energy recovery (1.7 million tonnes)

Landfilling (0.83 million tonnes)

Biological treatment (0.35 million tonnes)

Electronic waste is separated into plastics, “fluff”, and 
metal (the metal is re-used), and all BFRs are expected to 
be incinerated under controlled conditions as from year 
2006, as a result of the landfill ban on combustible waste. 
Also waste from the building sector, possibly containing 
BFRs, is incinerated. 

Waste import from Norway 

USA No specific requirements. Some states (e.g., California) 
have requirements that limit the BFR content of products 
made from recycled material 

Approximately 10% of 13,000 annual MT of electronics 
waste recycled (often overseas). The remainder is re-used, 
sent overseas for re-use, or landfilled domestically. Most 
furniture and carpet padding disposed in U.S. is landfilled.

Table 2.3. Overview of waste management regulations for BFR-containing wastes in Arctic countries. 

8 The EU Directive on Waste Electrical and Electronic Equipment (WEEE) addresses (among other things) BFRs (PBDEs and TBBPA, etc.) 
in plastics from electrical waste. It has the objective to reduce the amount of WEEE sent to landfill, and to increase recovery and recycling of 
this waste. In Annex II of the WEEE Directive, collection and subsequent selected treatment of BFR-containing plastic is required. According 
to the Directive, the operation of the take-back system for WEEE collection as well as their treatment, recovery, and disposal should have been 
installed by 13 August 2005. The set targets for recovery and recycling/re-use of collected EE waste shall be reached by 31 December 2006. 
(Directive 2002/96/EC. Annex II of the Directive deals with selective treatment for materials and components of WEEE and lists the substances 
and components to be removed from WEEE.)
9 The EU RoHS Directive addresses (among other things) PBBs and PBDEs (except DecaBDE in polymeric applications). 



17

3. Further Knowledge 
needed to Improve 
Risk Management of 
BFRs and Products 
Containing BFRs
Management options for dealing with BFRs and BFR-
containing products, in particular wastes associated 
with these products, require appropriate knowledge and 
information regarding a number of issues. However, the 
knowledge gaps concerning BFRs are considerable. 

For example, the quantity of adhesive products con-
taining PentaBDE that is disposed of at their end-of-life 
or the amount of used carpet padding containing Pent-
aBDE that is recycled is unknown. Information is also 
lacking on the quantity of OctaBDE released to the en-
vironment from manufacturing in the United States and 
the disposal of products, such as ABS plastics, containing 
OctaBDE. Similarly, more information is needed on 
the quantity of HIPS (High Impact PolyStyrene) plastic 
products containing DecaBDE that is disposed of at their 
end-of-life. It is not known what percentage of TV casings 
are sent overseas for disposal, compared with that recycled 
or landfilled in the United States, or other countries.

Several studies are ongoing or planned to address some 
of these gaps.

Lack of Science Regarding Certain BFRs

Environmental data for some BFRs, particularly TBBPA, 
are relatively sparse. Through efforts focused on envi-
ronmental monitoring, study of pathways and processes, 
levels and trends, and environmental toxicology, a better 
understanding of the potential risks posed by these BFRs 
could be gained.

Lack of Information on BFR use in Products

The responses to the BFR project questionnaire clearly 
highlight the general lack of information on consumption 
and use of BFRs in many different types of products, and 
especially in imported products. Often it is not known 
whether a particular product contains BFRs, let alone 
what type or how much. This knowledge gap is a particu-
lar constraint for optimizing waste-stream management 
over the longer-term.

Some attempts have been made to collect data on BFRs 
in various product types, and together with data on pro-
duction and import/export volumes for these products, 
this provides the basis for the consumption10 and import/
export estimates reported by some countries. However, 
many of these data are no longer current, and do not 

In Norway, schemes that offer consumers free services 
for the disposal of electrical and electronic (EE) waste ex-
ist. Consumers can deliver old electrical equipment to dis-
tributors and retail outlets for such products, who in turn 
are obliged to store them prior to their collection for waste 
handling. Components containing potentially hazardous 
substances are segregated for special collection.

With the exception of electrical and electronic equip-
ment in Europe, virtually all BFR-containing consumer 
products, furniture, and textiles are disposed of with-
out specific requirements for waste management after 
approximately 15–20 years of useful life, often less in 
the case of consumer electronics. Norway is an excep-
tion due to the fact that that, since 2004, products 
containing more than 0.25% of either HBCD, TBBPA, 
PentaBDE, OctaBDE, or DecaBDE are classified as haz-
ardous waste, requiring special treatment. Volatilization, 
leakage beneath a landfill, and decomposition to other 
harmful compounds are all possible mobilization routes 
for BFRs to the Arctic. 

Although the production and use of PentaBDE and 
OctaBDE have ceased in Europe, and production has 
ceased in the United States, ongoing landfilling of, in 
particular, PentaBDE-containing products (with a typical 
lifetime of 15–20 years) can be expected to continue until 
at least 2025. These wastes therefore constitute a ‘legacy’ 
of past consumption and waste treatment practices. 

For DecaBDE, HBCD, and TBBPA, no end to 
landfilling can be expected within the near future, unless 
regulations such as those introduced in Norway or other 
methods to promote waste management (including 
state-of-the-art waste incineration and recycling) come 
into effect. As an example, the USA reported that, in 
2003, 214 tonnes (60%) of DecaBDE-containing waste 
were disposed in ‘non-hazardous’-landfills, and 223 
tonnes (76%) of TBBPA-containing waste were disposed 
in hazardous waste landfills. This compares with 33 
tonnes (11%) of TBBPA that were released to the air at 
the Great Lakes, Albemarle primary production facility.
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10 Consumption is used here to refer to the cumulative demand 
within a country for (consumer) products containing BFRs, includ-
ing domestically produced products and imported goods. 
11 http://www.unece.org/env/pp/prtr.htm

reflect the changing patterns of BFR application in recent 
years. This in part explains the large uncertainties associat-
ed with the figures reported in the questionnaire responses 
for the amounts of BFRs in products. 

Identifying which products contain BFRs, and in what 
amounts, is a major undertaking. The precise mixture and 
amounts of BFRs applied in any given product can vary 
considerably from one manufacturer to another, and also 
over time. In addition to information on the manufacture, 
import, and export of new products containing BFRs, 
data are also lacking on products containing PentaBDE 
and OctaBDE—BFRs that are no longer widely used in 
Arctic countries but are still a major component of the 
waste stream and may still be present in products manu-
factured in other regions. Where it is available, this type of 
information needs to be disseminated to importers, traders, 
consumers, and waste handlers in a manner that will allow 
them to make informed choices regarding, for example, 
consumer purchases or waste management options.

A new political trend in chemicals management 
involves emphasizing the responsibility of both producers 
and importers for managing environmental and health 
risks. This trend is reflected in the Aarhus Convention on 
‘Access to Information, Public Participation in Decision-
making and Access to Justice in Environmental Matters’11, 
which highlights the need for improved public access to 
relevant data on the use of contaminants such as BFRs 
in products, and for importers to have better knowledge 
regarding the content of their products, in order to avoid 
being identified as ‘polluters’.

A central part of the risk management of chemicals is 
access to reliable information about not only the physical 
and toxicological characteristics of each chemical, but also 
about the amounts of each chemical used. Reliable data 
on the amounts of BFRs produced and used are essential 
to enable evaluation of potential exposure and releases 
into the environment during the lifetime of these chemi-
cals, taking into account their degradation and fixation as 
well as their persistence, bioaccumulation, and tendency 
for long-range transport. Some of the major basic data 
gaps experienced in this project could be filled either by 
the companies producing, trading, and using BFR chemi-
cals or by the organizations that represent such companies. 
The gradual shift of responsibility for risk management 
from the supervising authorities to the producers of 
chemicals places the obligation to deliver the necessary 
information on the companies producing, trading, and 
using BFRs. The first phase of this project has shown that 
such information must be more actively requested from 
the companies and their organizations, as opposed to 
national authorities, if identified data gaps are to be filled.

Lack of Information on Releases During Manufacturing

The U.S. Toxic Release Inventory includes information 
about releases of DecaBDE and TBBPA associated with 
the manufacture of BFR chemicals (see Section 2.1); 
however, the amount of HBCD released to the environ-
ment from its manufacture in the United States is not 
registered. Within Europe, reasonably reliable daily release 
estimates are available for the relatively few European BFR 
production plants; however, information from the numer-
ous industrial users of BFRs is often limited or missing. 
Releases from manufacturing plants in Russia are not 
reported. Due to this lack of information on releases asso-
ciated with the manufacture of BFR-containing products, 
no attempts to present total annual industrial emissions 
have been made in this Phase of the project.

Lack of Information on Releases from Products and 
Direct Exposure of Consumers

Research institutes in several Arctic countries are engaged 
in studies examining the dispersal of selected BFRs into 
the atmospheric and marine environments, typically in 
relation to investigations of the transport of BFRs by air 
and the potential for long-range transport to the Arctic. 
One such ongoing study, conducted as part of the EU risk 
assessment of DecaBDE, has indicated the presence of 
DecaBDE in air sampled in the northern part of the UK. 
Studies of Arctic human populations are also providing 
information on exposure and uptake of ‘environmental’ 
BFRs in regions remote from sources.

Knowledge on the direct exposure of consumers to 
BFRs is limited.

Knowledge Gaps Concerning Emissions and Releases 
at End of Product Life

There are many knowledge gaps concerning the fate of 
BFR-containing products at their end-of-life. Arctic 
countries will be dealing with the recycling, incinera-
tion, and disposal of BFR-containing products for many 
years. Therefore, some of the most important knowledge 
gaps that need to be addressed are those that concern the 
potential release of BFRs to the environment that may 
occur in the recycling, incineration, or disposal of used 
products.

Recycling, Emissions during Recycling, and Recycling 
Efficiency

Studies of the light waste fraction after scrap metal shred-
ding (fluff) show that it contains a lower amount of flame 
retardants than the allowed limit for non-hazardous waste 
(0.25%), and that such fluff can thus be treated as ordi-
nary waste (SFT, 2004a, 2004b).
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The Norwegian Pollution Control Authority is working 
with county governors on an ongoing follow-up on shred-
ding systems in order to ensure the responsible manage-
ment of EEE waste containing BFRs. A particular emphasis 
will be placed on the conditions of the discharge permits 
for the shredding facilities, and whether pollutants from the 
facilities are found in the surroundings of the facilities.

The precise disposal volume of TBBPA-treated wire 
boards at their end-of-life is generally poorly known, 
largely because for most countries the volume of TBBPA 
imported in Printed Circuit Boards (PCBs, also referred 
to as Printed Wire Boards, PWBs) inside electronics is 
unknown. This knowledge gap extends to information 
concerning the number of printed circuit boards that are 
sent overseas at end-of-life versus recycled or landfilled 
in the Arctic countries themselves. The most common 
practice for printed circuit boards removed from electron-
ics equipment recycling operations is to send them to a 
smelter for metals recovery. 

Incineration

A key question concerning incineration is whether BFR-
containing products can be incinerated in an environ-
mentally sound manner. The quantity of BFRs (and 
other toxic substances) generated during the incineration 
of products and plastics containing flame retardants is 
not well known. Experiments at three Norwegian waste 
incineration plants have shown that the controlled mixing 
of flame-retardant plastic into waste being incinerated 
did not lead to increased emissions of brominated and/or 
chlorinated dioxins, nor were there any noticeable emis-
sions of un-incinerated flame retardants (SFT, 2004a); 
however, these results need to be confirmed.

Leakage from Landfills, including Contamination of 
Groundwater and Emissions to the Atmosphere

The question of whether there are adverse environmental 
impacts from the disposal of BFR-containing plastics, 
foams, textiles, or other products in landfills is a major 
issue. Landfilling remains the main disposal method 
for many BFR-containing wastes, particularly in North 
America and Russia. Of particular concern is whether, and 
at what levels, BFRs in leachate can migrate to ground-
water from landfills that have no protective liner, and 
whether leachate collected from landfills with a liner needs 
to be treated for BFRs. More knowledge is therefore re-
quired on the potential for the release of PBDEs and other 
BFRs from landfill sites. 

There are several ongoing studies in Canada that are 
looking at the potential for PBDEs to migrate from waste 
landfill sites (to soil or via leachate). These studies will 
shed some light on the potential for continued environ-
mental releases of PBDEs.

Norwegian studies of runoff water from landfills and 
areas that are affected by runoff water have shown that 

brominated flame retardants can leak from landfills; the 
concentrations demonstrated in runoff water are generally 
low but varying (SFT, 2002). 

In another Norwegian study, the leaching properties 
of BFRs from EE waste were characterized (SFT, 2004b). 
Under this study, a typical EE waste was analysed for 
BFRs, and this waste was subjected to different experi-
mental conditions to determine the leaching properties of 
PBDEs and TBBPA. The main conclusion of the study 
was that the leaching of BFRs from the waste was affected 
by the content of particles in the effluent; however, if 
organic solvent is available as a carrier, particles are less 
important for mobilization of PBDEs. TBBPA, which 
is the most water-soluble compound in the investigated 
BFR group, showed a leaching potential of more than 
80,000-fold compared to PBDEs. In view of the increas-
ing consumption of TBBPA worldwide (from an already 
high level), and its increasing use as an additive BFR, 
TBBPA is a major concern for the environment as a legacy 
pollutant with ongoing large-scale landfilling activities, 
mainly on the American continent.

In summary, PBDEs bound to particles can migrate 
from landfills and be transported via air and water, but will 
eventually deposit onto the sediment. The water solubility 
of TBBPA is pH dependent. Soils and sediments with a 
high pH (e.g., alkaline particles such as fly ash) would in-
crease the solubility of TBBPA. Considering Arctic regions, 
TBBPA has the potential for long-range transport via water 
currents and is a high-use chemical globally. TBBPA is very 
toxic to aquatic organisms and is persistent in the environ-
ment. In an experiment carried out for WHO (WHO/
ICPS, 1995), between 6% and 82% of TBBPA remained 
in different soil types under aerobic conditions after 64 
days, and between 43% and 90% under anaerobic condi-
tions after 64 days (Fackler, 1989a, 1989b).

Sewage Treatment Efficiency and Contamination via 
Sludge

One question that needs to be answered is whether it is 
environmentally acceptable to apply sewage sludge (bio-
solids) from a wastewater treatment plant to land if there 
are BFR chemicals present. Information is lacking on the 
extent of migration of PBDEs from biosolids applied to 
land. A monitoring study is being conducted in Canada 
to determine the type and amount of PBDEs in biosolids 
from municipal wastewater treatment facilities.

Risk Assessments and Alternatives

Information concerning alternatives is presented in Sec-
tion 5, where reference is also made to gaps in knowledge 
about alternatives that is required in order to conduct 
risk-assessments.
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12 In a decision published on 13 October 2005, the EU exempted use 
of “DecaBDE in polymeric applications” from the EU’s Directive on 
the Restriction of Hazardous Substances (RoHS). (Directive 2002/95/
EC of the European Parliament and of the Council of 27 January 2003 
on the restriction of the use of certain hazardous substances in electrical 
and electronic equipment, OJ L37, page 19, 13 February 2003.)

4. Management    
Practices and Strat-
egies to Reduce or 
Eliminate Releases 
of BFRs to the Arctic    
Environment
Management strategies to reduce and eliminate BFRs 
include regulatory/legislative approaches, voluntary ac-
tions, and approaches based on the introduction of best 
practices (particularly important with respect to waste 
management). The management strategies adopted by the 
Arctic countries differ between countries and regions and 
are reflected in their National Strategies.

4.1 National and International Actions           
Regarding BFR Production and Use
Increasing information on PBDEs in the environment has 
attracted the attention of policymakers at the international, 
national, regional (e.g., State), and local levels. In 2002, the 
European Union adopted a ban (REF) on the marketing 
and use of PentaBDE and OctaBDE throughout the EU. 
This ban entered into effect in August 2004. 

The EU risk assessment programme has also provision-
ally finalized its risk assessment for DecaBDE, concluding 
that there is no further need for additional risk reduction 
measures at this time. It did, however, identify the need 
for further studies on developmental neurotoxicity and for 
additional human and environmental monitoring. In view 
of a voluntary emission reduction programme initiated 
by industry, it was felt that there was no need for immedi-
ate risk reduction measures in the EU. Debromination of 
DecaBDE is a possible mechanism leading to exposure to 
lower brominated congeners. More information on this and 
other pathways of exposure to PentaBDE and OctaBDE 
will help identify the types of activities that might be most 
effective in reducing exposure to PentaBDE and OctaBDE 
(Stapleton et al., 2004). In addition, EU risk assessments 
and further testing of HBCD and TBBPA are being carried 
out as part of the same programme.

According to the EU Directive on the Restriction of 
the use of certain Hazardous Substances in electrical and 
electronic equipment (RoHS Directive), manufacturers are 

required after July 2006 to substitute certain heavy met-
als and the BFRs decabromobiphenyl and PBDEs in new 
electrical and electronic equipment in order to prevent 
problems during the waste management phase. An exemp-
tion for DecaBDE use in polymeric applications is currently 
in force following a decision by the European Commission 
in October 200512. The RoHS Directive does, however, 
require that when the commercial DecaBDE mixture 
(which contains ca. 3% impurities of nonaBDE) is used, 
the content of nonaBDE in homogeneous material must 
not exceed 0.1%. The decision to introduce the exemption 
for DecaBDE use in polymeric applications is being chal-
lenged in the European Court of Justice by Denmark and 
the European Parliament. 

The Waste Electrical and Electronic Equipment Direc-
tive (WEEE Directive) was adopted by the European Com-
mission in January 2003 and was implemented gradually 
until 2007. One of the elements of the directive is that 
plastics containing brominated flame retardants have to be 
separated from other waste and that these plastics must be 
recycled, incinerated or deposited at approved facilities.

Canada published a scientific screening assessment of 
PBDEs on 1 July 2006. This assessment indicates that 
PBDEs are toxic under Section 64(a) of the Canadian Envi-
ronmental Protection Act, 1999 (CEPA 1999). The report 
also recommends the implementation of virtual elimina-
tion for tetraBDEs, pentaBDEs, and hexaBDEs, which 
were found to be persistent, bioaccumulative, and present 
in the environment primarily as a result of human activity. 
PBDEs were added to Schedule 1 (List of Toxic Substances) 
of CEPA 1999 on 27 December 2006. Canada publicly 
released a proposed risk management strategy for addressing 
PBDEs in the autumn of 2006 which describes how the 
identified risks posed by the use and/or release of PBDEs 
will be addressed. An overview of Canada’s proposed regula-
tory actions is described in Section 4.2. More detail on 
these actions can be found in Appendix E.

In the United States, the State of California adopted 
a ban in July 2003 on the manufacture or distribution 
in commerce of any product containing PentaBDE or 
OctaBDE. These restrictions took effect in 2006. The 
States of New York, Maine, Michigan, and Hawaii have 
adopted laws similar to those of California, and several 
other states are considering similar actions. 

Great Lakes Chemical Corporation, the sole U.S 
.producer of the commercial PentaBDE and OctaBDE 
mixtures, discontinued production of these two products in 
the USA at the end of 2004 through a voluntary agreement 
with the U.S. EPA. 

In coordination with the European risk assessment au-
thorities, the Bromine Science and Environmental Forum 
(BSEF) have developed the Voluntary Emission Control 
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Action Plan (VECAP) as a joint initiative between the 
manufacturers of DecaBDE and the main users, the plastics 
and textiles industries. The VECAP Code of Good Practice 
(CoP) is a voluntary programme under which producers 
of DecaBDE commit to provide guidance to their custom-
ers on handling and processing of DecaBDE, and users 
commit to analysing product flows and processes to define 
where efficiency improvement is feasible, measuring and 
recording DecaBDE use, gathering data on waste flows and 
product loss of DecaBDE, managing data and identifying 
process improvements, and achieving emissions control of 
DecaBDE (BSEF, 2006). In 2004, the UK was chosen as a 
pilot for a European-wide programme aimed at controlling 
and reducing industrial emissions of DecaBDE. The VE-
CAP is being implemented during 2005–2007 in Belgium, 
Germany, Italy, France, and the Netherlands. The USA and 
Canada have also been approached regarding similar activi-
ties, but have not yet reacted to the proposals.

In the United States, the electronics industry is engag-
ing in a multi-stakeholder partnership with the U.S. EPA’s 
Design for the Environment Program, the printed circuit 
board industry, chemical manufacturers, environmental 
groups, and others to better understand the environmental 
and health aspects of TBBPA and alternative flame retard-
ants in printed circuit boards. The information collected 
by this partnership will allow industry to consider these 
impacts along with cost and the performance of circuit 
boards as they review alternative materials and technologies. 
Information on this partnership can be found at http://
www.epa.gov/opptintr/dfe/pubs/projects/pcb/index.htm.

Other international activities concerning PBDEs include 
ongoing work under the Organization for Economic Co-
operation and Development (OECD). The OECD’s BFR 
Clearinghouse has developed hazard/risk information fact 
sheets on the PBDEs. It intends to update these fact sheets 
every two or three years, and work to improve cooperation 
between producers and users of BFRs. 

Of the other BFRs mentioned in this report, the only 
ban on production or use in products currently applicable 
within the Arctic countries is a ban on the use of DecaBDE 
in new articles such as textiles, furniture, and cables, which 
entered into force in Sweden on 1 January 2007.

Production of PBBs has ceased within all the OECD 
countries.

4.2 National Strategies for the Management  
of BFRs
Canada

PBDEs were assessed as toxic under section 64(a) of the 
Canadian Environmental Protection Act, 1999 (CEPA 
1999) and added to Schedule 1 (List of Toxic Substances) 
to CEPA 1999 in December 2006.  In December 2006, as 
an initial step in the risk management strategy for PBDEs, 
Canada published proposed ‘Polybrominated Diphenyl 

Ether Regulations’, which will prohibit the manufacture 
of seven PBDEs, as well at the import, use, and sale of 
those PBDEs of greatest concern: tetra-BDE, penta-BDE, 
and hexa-BDE. Additional risk management actions 
to complement the proposed regulations are currently 
being developed, specifically actions targeting PBDEs 
in products, as well as an approach to minimize releases 
of decaBDE from Canadian manufacturing operations.   
Screening assessments for HBCD and for TBBPA and 
two of its derivatives are currently underway.

Denmark

An action plan for BFRs was developed in 2001. The 
objective of the Action Plan is the international phase-out 
of the use of the most problematic BFRs through regula-
tory measures in the EU and other international fora. In 
the short term, the focus is on the PBBs and PBDEs. In 
the longer term, the objective is to identify and phase out 
all other problematic flame retardants. A further objective 
is to assess the alternatives to BFRs.

Finland

A general chemicals strategy was presented in 2006. This 
strategy includes a pre-study of health and environmental 
risks associated with releases of chemicals used in products 
and proposals for further risk-reduction measures needed 
in addition to the implementation of the new EU legisla-
tion, REACH (Registration, Evaluation, and Authorisa-
tion of Chemicals). 

Norway

An action plan to reduce releases of BFRs was presented 
in 2002 with the overall goal to reduce emissions of BFRs 
substantially by 2010. The plan includes risk-reduction 
measures such as a prohibition against the use of specific 
substances, information activities, the collection of data, and 
stricter control of waste collection and treatment. The action 
plan has been updated to take new knowledge and measures 
into account. An important requirement is that significant 
brominated flame retardants must now be treated as hazard-
ous waste. Norway implements EU legislation on BFRs 
and, in addition, is considering a ban on DecaBDE.

Sweden

PentaBDE and OctaBDE have been banned by the EU. 
A notification by Sweden to the EU of a national regula-
tion on DecaBDE in textiles was submitted in 2005, 
and a ban on the use of DecaBDE in new articles such as 
textile, furniture, and cables entered into force in Sweden 
on 1 January 2007. The need for further actions regarding 
HBCD and TBBPA is also being discussed.

United States

A main strategy is to work for voluntary actions by rel-
evant companies (e.g., The Great Lakes Chemical Corp., 
the only U.S. manufacturer of PentaBDE and OctaBDE 
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5. Alternative Flame 
Retardant Chemicals 
and Technologies
Concern over potential human health and environmental 
impacts from the use of certain BFRs has resulted in bans 
on the use of PentaBDE and OctaBDE by the European 
Union and a voluntary phase out of PentaBDE use in the 
United States. Some European countries are considering 
similar bans on DecaBDE. Increasing emphasis is there-
fore being placed on finding safe alternatives to the use of 
BFRs, including avoiding the use of products containing 
BFRs where they are not absolutely necessary on the basis 
of fire safety considerations. Approaches include:
•	 replacing	BFRs	with	alternative	flame	retardant	chemi-

cals (without bromine);

•	 changing	product	design	(e.g.,	using	metal	rather	than	
plastic components or housings) to reduce fire hazards, 
such that there is no need for the continued use of 
flame retardants; 

•	 altering	procedures	(and	materials)	so	that	the	fire	
safety is acceptable without the need to use BFRs.

5.1 Alternative Chemicals
With the introduction of restrictions on the use of a 
number of commonly used BFRs, the usage of replace-
ment substances (alternatives) is increasing. Expanding the 

available information on possible substitutes is a substan-
tial challenge. This will, however, be necessary in order 
to demonstrate that possible health and environmental 
impacts associated with alternative flame retardants are 
acceptable.

Industry, governments, and NGOs are working to 
identify and assess environmentally safer chemical alterna-
tives to BFRs and to investigate other technologies for 
avoiding the use of BFRs while still maintaining the fire 
safety standards of consumer products. A number of stud-
ies have already been carried out in different countries that 
provide information that can be used to better evaluate 
the human health and environmental aspects of replace-
ments for BFRs. The hazard, exposure, and environmental 
assessment of chemical flame-retardant alternatives in 
these reports constitutes a first step in providing informa-
tion that will serve as a basis for making decisions when 
evaluating chemicals that are alternatives to BFRs.

There is no single alternative chemical that is an ideal 
replacement for all BFRs used in different products. A wide 
variety of non-brominated flame-retardant chemicals are 
currently in use throughout the world to meet fire safety 
standards. Various studies have been conducted on BFR 
alternatives. Annex E presents a summary of a number 
of recent reports on BFR alternatives. This summary is 
provided to allow interested persons to use this informa-
tion as appropriate. The ACAP BFR Steering Group has 
not evaluated these reports, nor has it endorsed any of their 
conclusions. However, these reports may contain valuable 
information for use in decisions about BFR alternatives.

The ‘U.S. Consumer Product Safety Commission 
(CPSC) Exposure and Risk Assessment of Flame Retard-
ant Materials in Residential Upholstered Furniture, 2001’ 
summarized chronic hazards via dermal, oral or inhalation 
exposure for eight leading chemicals used to flame retard 
residential furniture fabric. The ‘High Density Packaging 
User Group International, DfE Phase II Report, 2004’ 
summarizes efforts by major U.S. electronics manufactur-
ers to evaluate the toxicity and performance of several 
non-halogenated alternative flame retardants for use in 
printed circuit boards and integrated circuit components. 
Comparisons to TBBPA are made. Alternatives evaluated 
include: antimony trioxide, aluminium hydroxide, magne-
sium hydroxide, zinc borate, ammonium polyphosphate, 
red phosphorus, and other phosphorus compounds. The 
‘University of Massachusetts DecaBDE Alternatives report, 
2005’ summarizes available alternatives to DecaBDE used 
in plastics and fabrics, including non-chemical alterna-
tives. No health or environmental data on the alternatives 
are given. The report includes examples of alternatives 
identified for use in plastic electronic enclosures. It also 
identifies several alternatives for use on textiles. The ‘U.S. 
EPA Report on Chemical Alternatives to PentaBDE for 
use in Low-density Polyurethane foam, 2005’ compares 
the health and environmental hazards of fourteen leading 

voluntarily phased-out production of both chemicals by 
31 December 2004). To complement the phase-out, the 
U.S. EPA issued a ‘Significant New Use Rule’ under the 
Toxic Substances Control Act to ensure that no new man-
ufacture or import of PentaBDE or OctaBDE commercial 
mixtures, and the individual PBDE congeners that com-
prise them, occurs without first being subject to Agency 
review.  The U.S. EPA is also working on a regulation to 
complement a planned national flammability standard for 
residential upholstered furniture being developed by the 
U.S. Consumer Product Safety Commission (CPSC). The 
regulation would require industry to notify the U.S. EPA 
prior to using DecaBDE or HBCD in residential uphol-
stered furniture. 

Further information on national strategies within the 
Arctic countries for the management of BFRs is pre-
sented in Annex D.
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TBBPA

EE: High-impact plas-
tics (PC/TV monitors 
and housings, printers, 
copiers, etc.) and wir-
ing/cabling

Some concern in North 
America due to high volume 
used additively in production, 
import, use, and waste.

Concern in Nordic countries 
due to high volume used 
additively in import, use, and 
waste.

EE: Printed circuit 
boards 

Some concern in North 
America and possible concern 
in Nordic Arctic countries 
due to high volume used 
reactively in production, 
import, use, and waste.

Building construction: 
Foam insulation (XPS, 
EPS)

Potential releases associated 
with production, import, use, 
and waste of products contain-
ing TBBPA used additively is a 
concern in North America. 

Transportation (cars, 
buses, trains, airplanes, 
etc.); printed circuit 
boards and wiring/
cabling 

Concern in the Nordic 
countries and some concern 
in North America due to high 
volume used additively in 
production, import, use, and 
waste.

6. Possible Follow-up 
Activities
6.1 Basis for Possible Follow-up Activities
Based on the information compiled during Phase I of 
the BFR project concerning production, consumption 
and use, and waste management practices applied within 
the Arctic countries, an expert evaluation (summarized 
in the following tables) was conducted to identify and 
highlight ‘priority areas’ for potential follow-up actions. 
The intention is that this evaluation should be used 
within relevant international fora, including ACAP, in 
developing plans for possible actions to reduce environ-
mental contamination by BFRs.

flame retardant chemical alternatives to PentaBDE for use 
in low-density flexible polyurethane foam.

The Danish Programme for Cleaner Products will con-
tinue to support the development, testing, and assessment 
of alternatives. Knowledge concerning the characteristics of 
BFR alternatives is critical to ensuring that these solutions 
are appropriate and do not give rise to other environmental 
problems.

Information relevant to BFR risk assessments is provid-
ed through various activities being conducted in connec-
tion with the EU existing substances regulation (Council 
Regulation (EEC) No 793/93). Some of this information 
is also available from the OECD BFR Clearinghouse Haz-
ard/Information Sheets for PBDEs, TBBPA, and HBCD 
(http://www.oecd.org/env/riskmanagement). 

PentaBDE, OctaBDE, and DecaBDE are included in 
the United States Voluntary Children’s Chemical Evalua-
tion Program (VCCEP). United States manufacturers have 
prepared assessments evaluating health risks to children. 
The risk assessments were reviewed by a Scientific Peer 
Consultation in 2003.

5.2 Alternative Practices and Technology  
(Non-Chemical Solutions to reducing BFR Use)
In addition to the use of chemical replacements for BFR 
compounds, there are a number of alternative non chemi-
cal approaches to reduce the need to use BFRs in prod-
ucts. These can include changing product design to reduce 
possible fire hazards, such that there is less or no need for 
the continued use of flame retardants, or changing proce-
dures and materials in order to reduce the fire hazard to an 
acceptable degree without use of BFRs.

One example, mentioned in Section 2.2, is the reduction 
in the use of HBCD in the building industry in Norway 
achieved through changes in construction methods and 
in procedures employed during and after the construction 
phase, which allow fire requirements for new buildings to 
be met with reduced need for HBCD-containing products. 

A second example is from the Norwegian Road Au-
thority (Statens Vegvesen), which has started to require 
that BFR-free insulation materials be used in road build-
ing. In order to meet this requirement and maintain 
necessary fire standards, contractors reduce the fire hazard 
by, for example, covering the insulation materials during 
welding operations and limiting the amount of the mate-
rials stored at construction sites.
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HBCD

EE: High-impact 
plastics (PC/TV 
monitors and hous-
ings, printers, copiers, 
etc.)

Some concern both in Nordic 
countries and North America 
regarding production, import, 
use, and waste.

Furniture/household 
applications: Textiles, 
furniture foam

Some concern in North 
America regarding production, 
import, use, and waste. 

Some concern in Nordic coun-
tries due to use and waste.

Building construc-
tion: Foam insulation 
(XPS, EPS, cellular 
rubber)

Some concern in North 
America due to high volume 
used in production, import, use, 
and waste. 

Some concern for import and 
waste in Nordic countries.

Transportation (cars, 
buses, trains, air-
planes, etc.); insula-
tion and furnishings 

Concern in the Nordic coun-
tries and some concern in North 
America regarding production, 
import, use, and waste due to 
high volume used.

PentaBDE and 
OctaBDE

EE: High-impact 
plastics (PC/TV 
monitors and hous-
ings, printers, copiers, 
etc.), wiring/cabling

Concern for old products in use 
and as waste in both Canada 
and Nordic Arctic countries 
due to high volume past use. In 
the United States, there may be 
concern depending on the level 
of risks, which are under investi-
gation in ongoing studies.

Furniture/household 
applications: Textiles, 
furniture foam

Some concern in North 
America due to current use of 
products containing Penta BDE.

Wastes containing PentaBDE 
are a concern in both North 
American and Nordic countries 
due to high volume past use. 

Building construc-
tion: Foam insulation 
(XPS, EPS, cellular 
rubber)

Concern in Canada and some 
concern in the United States for 
use and waste. 

Transportation (cars, 
buses, trains, air-
planes, etc.); high-im-
pact plastics, printed 
circuit boards, and 
wiring/cabling 

Some concern in North Ameri-
ca for production, import, use, 
and waste.

Concern for use and waste in 
the Nordic countries.

DecaBDE

EE: High-impact 
plastics (PC/TV 
monitors and hous-
ings, printers, copiers, 
etc.), wiring/cabling

Some concern in Canada for 
 production, import, and use 
within North America. In the 
United States, there are no current 
concerns; studies are ongoing.

Minor concern in Nordic coun-
tries due to little or no known 
production, import, or use in t   hese 
countries.

Wastes a concern in Canada and the 
Nordic Arctic countries due to high 
volume past use and continuing use 
in North America; not currently a 
concern in the United States. 

Furniture/household 
applications: Textiles, 
furniture foam

Some concern in Canada for pro-
duction, import, and use within 
North America. In the United 
States, there are no current con-
cerns; studies are ongoing.

Minor concern in Nordic coun-
tries due to little or no known 
production, import, or use in these 
countries.

Wastes a concern in Canada and 
Nordic Arctic countries due to high 
volume past use and continuing use 
in North America. In the United 
States, there are no current concerns.

Building construc-
tion: Foam insulation 
(XPS, EPS, cellular 
rubber)

Some concern in Canada for pro-
duction, import, and use within 
North America. In the United 
States, there are no current con-
cerns; studies are ongoing.

Minor concern in Nordic coun-
tries due to little or no known 
production, import, or use in these 
countries.

Wastes a concern in Canada and 
Nordic Arctic countries due to high 
volume past use and continuing use 
in North America. In the United 
States, there are no current concerns.

Transportation (cars, 
buses, trains, air-
planes etc.); high-im-
pact plastics, printed 
circuit boards, and 
wiring/cabling 

Some concern in Canada for pro-
duction, import, use, and waste. 
In the United States, there are no 
current concerns.

Concern for import, use, and 
waste in the Nordic countries.
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13 Proposed activities target one or more of the following groups of 
sources: Global – sources throughout the northern hemisphere (includ-
ing non-Arctic countries and non-Arctic territories of Arctic countries) 
that can contaminate the Arctic through long-range transport of BFRs; 
Arctic Countries – sources within the non-Arctic territories of Arctic 
countries that may be addressed through the Arctic Council coopera-
tion; Arctic – sources located within the Arctic region; Local – Sources 
that may affect individual communities and that may be addressed 
through actions implemented at the community level.

6.2 Suggestions for Possible Follow-up  
Activities
Possible follow-up activities that ACAP or other relevant 
international fora may want to pursue are discussed below. 
These activities include the following approaches for re-
ducing or eliminating sources of releases of BFRs that may 
affect the Arctic environment:
•	Making	available	BFR-free	products;	
•	 Eliminating	or	reducing	the	use	of	hazardous	BFRs:	

Mitigation based on legislative or non-regulatory 
approaches and/or the introduction of appropriate 
alternatives, including both chemical substitutes and 
alternative practices (e.g., to reduce fire risks);

•	Minimizing	releases	of	BFRs	during	manufacture	(of	
both chemicals and BFR-containing products) through 
enforced or voluntary adoption of best available 
technology/techniques (BAT) and best management 
practices (BMP); 

•	 Adoption	of	appropriate	waste	management	practices	
(including BAT and BMP) to address both ‘legacy’ 
waste issues (such as disposal of wastes containing Pent-
aBDE) and wastes containing current major-use BFRs.

•	 Communicating	information	to	countries	with	poorly	
regulated or unregulated substantial production and/or 
use of BFRs about the presence and effects of BFRs in 
the Arctic environment;
In this connection, the following possible follow-up 

activities have been suggested:

(A) Activities addressing waste management issues 
and technological solutions for reducing BFR releases 
to the environment (BAT/BEP/BMP)

1. Review existing practices and develop options for 
managing waste to reduce or eliminate releases of 
BFRs to the environment from sources associated with 
disposal of BFR-containing waste.

During Phase I of the project, information was compiled 
on waste management strategies and practices employed 
within the Arctic countries for handling BFR-containing 
wastes. However, no attempts were made to evaluate these 
strategies and practices with respect to their potential to 
reduce BFR contamination of the Arctic.

A possible follow-up activity would have the objective of 
critically reviewing information that has been collected and 
identifying those practices that have the greatest potential 
for application in Arctic regions and/or can be implemented 
to most effectively reduce BFR contamination of the Arctic. 
A further component of this work could include consid-
ering activities under current international agreements 
(Stockholm Convention, LRTAP Protocol on POPs, and 
the Basel Convention) to determine what activities would 
complement or assist these international agreements.

This activity will focus on examining Best Available 
Technology/Techniques (BAT) and Best Management 
Practices (BMP) employed, either as a result of regulatory 
requirements or voluntary agreements, in each country. It 
should also include evaluation of the need for developing 
new BAT and BMP. 

It is desirable to involve experts in waste treatment in 
this activity, as well as to work cooperatively with rel-
evant stakeholders, including those responsible for waste 
management in Arctic communities. Similarly, pos-
sibilities should be explored for cooperation with other 
ACAP projects involved in developing recommendations 
concerning waste management.

In this activity, the latest information from studies on 
BFRs in landfill leachate (including the efficacy of dif-
ferent landfill designs to prevent releases of BFRs to the 
environment) and incineration of BFR-containing waste 
should be reviewed. This information will assist in the 
evaluation of whether disposal of BFR-containing wastes 
in landfills or incineration in incinerators is the most 
appropriate practice and the consideration of options for 
Arctic communities where landfill disposal and open-
waste burning are currently the only options.

Objective: To identify where BFR releases from 
sources associated with the disposal of BFR-contain-
ing waste have been or can be successfully reduced 
or eliminated, through either regulatory or voluntary 
waste management practices, and to develop guide-
lines that can be applied within the Arctic and other 
countries with similar infrastructure.

Relevance13: Global / Arctic Countries / Arctic / Local 

2. Develop proposals for possible actions, coopera-
tive activities, and/or pilot projects to reduce possible 
releases of BFRs from waste-handling operations involv-
ing recycling.

This possible follow-up activity would: 1) evaluate 
recycling options to ensure appropriate knowledge of 
the characteristics of wastes and to ensure that hazardous 
substances are not spread into new products or areas that 
lack return or recycling systems; and 2) evaluate options 
for recycling BFR-containing foams and plastics into new 
(BFR-containing) products versus landfill or incinera-
tion, including requirements for any special equipment or 
measures that would need to be introduced or adapted for 
Arctic conditions or circumstances.

Relevance: Global / Arctic Countries
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3. Review and develop proposals for actions concern-
ing management strategies and actions to reduce or 
eliminate releases of BFRs to the environment from 
sources associated with the production of BFR chemi-
cals and/or BFR-containing products.

During Phase I of the project, information was compiled 
on management strategies employed within the Arctic 
countries to reduce or eliminate sources and releases of 
BFRs to the environment. However, no attempts were 
made to evaluate these strategies with respect to their 
potential to reduce BFR contamination of the Arctic.

A possible follow-up activity would have the objective of 
critically reviewing information that has been collected and 
identifying those practices that can be implemented to most 
effectively reduce BFR contamination of the Arctic.

This activity would focus on examining Best Available 
Techniques (BAT) and Best Management Practices (BMP) 
employed by companies producing BFRs and by compa-
nies that use BFRs in their products, either as a result of 
regulatory requirements or voluntary agreements, in each 
country; it would also include evaluation of the need for 
developing new BAT and BMP. Practices currently being 
proposed or promoted by industry would be included in 
the evaluation. 

Involvement of or cooperation with relevant industry 
stakeholders in this work is desirable. Similarly, possibili-
ties for cooperation with other ACAP projects involved in 
developing recommendations concerning cleaner produc-
tion and BAT should be exploited.

Objective: To identify where BFR releases from sources 
associated with the production of BFR chemicals and/
or BFR-containing products have been or can be success-
fully reduced or eliminated, through either regulatory 
or voluntary practices, in order to develop guidance that 
could be applied within the Arctic countries, and possibly 
other countries.
Relevance: Global / Arctic Countries 

(B) Activities addressing access to information on 
alternative chemicals and practices 

4. Evaluate existing information and develop propos-
als for actions concerning alternative flame retardant 
chemicals and alternative technologies or practices. 

During Phase I of the project, information was compiled 
on BFR alternatives, including both substitute chemicals 
and alternative methods, technologies, or approaches 
that reduce or eliminate the need to use BFRs. However, 
no attempts were made to independently evaluate these 
alternatives with respect to their potential to reduce BFR 
contamination of the Arctic.

A possible follow-up activity would have the objective 
of reviewing information that has been collected in order 
to identify those alternatives and alternative practices 
that can be implemented to most effectively reduce BFR 
contamination of the Arctic and also to identify those 

alternatives and practices that may be inappropriate for 
Arctic use, preferably based on practical experience, and to 
make this information more readily available.  

Part of this evaluation would consider the potential for 
alternative chemicals themselves to represent new threats for 
the Arctic in terms of their potential for long-range trans-
port, persistence under cold conditions, bioaccumulation in 
lipid-rich food chains, toxicity to Arctic species, etc. 

This activity would include further investigation of 
alternative chemicals that are already being used by in-
dustry. Experience to date has, however, revealed that this 
information is very difficult to obtain, and therefore the 
cooperation of industry is essential in this activity.  

Objective: To make it easier to obtain and share informa-
tion on the successful use of alternative chemicals or 
alternative practices, in particular alternatives that can 
reduce or eliminate the use of BFRs that pose the greatest 
threats for Arctic contamination.

Relevance: Global / Arctic Countries / Arctic / Local 

5. Identify options to reduce or eliminate priority 
sources and releases of BFRs.

Several possible cooperative activities and possible pilot 
projects have been suggested; these could be further con-
sidered during Phase II, including the following:
•	 Examining	the	use	of	Environmental	Preferable	

Procurement programmes in the Arctic countries as a 
means of encouraging purchases of low- or non-BFR-
containing products; developing guidelines or an infor-
mation package on Environmental Preferable Procure-
ment for dissemination within the Arctic (and other) 
countries; and taking actions to secure introduction of 
such programmes in the Arctic countries.
Relevance: Global / Arctic Countries

•	 Evaluating	fire	protection	standards	to	identify	where	
BFRs are required and where alternative options (in-
cluding new design and technology) exist or could be 
developed, with particular emphasis on fire protection 
relevant to Arctic conditions, lifestyles, and activities.
Relevance: Global / Arctic Countries / Arctic 

•	 Reviewing	the	gaps	in	knowledge	identified	in	Phase	I	that	
are of particular relevance to Arctic situations (e.g., BFR 
releases from unlined landfills and open burning of waste), 
and initiating projects to fill these knowledge gaps.
Relevance: Global / Arctic Countries / Arctic / Local 

•	 Evaluating	options	for	increasing	consumer	aware-
ness, such as promoting and developing guidelines on 
international standards for labeling of BFR-containing 
products, to enable informed choice about purchase of 
BFR-containing products. 

Objective: To increase public awareness and empower 
public choice with respect to BFR-containing products, 
consistent with the principles concerning Access to In-
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formation, Public Participation in Decision-making and 
Access to Justice in Environmental Matters as set out in, 
for example, the Aarhus Convention.

Relevance: Global / Arctic Countries

(C) Activities to improve access to data and informa-
tion on BFR use; outreach; and communication of BFR 
project results 

6. Promote actions to improve data availability and ac-
cess to information on BFR use.

Objective: To enhance access to information with 
respect to BFR-containing products, consistent with 
the principles concerning Access to Information, Public 
Participation in Decision-making and Access to Justice 
in Environmental Matters as set out in, for example, 
the Aarhus Convention.

A major deficiency identified in Phase I of the project 
concerned access to relevant, accurate, and reliable 
information on amounts of BFRs in products (and, in 
particular, in imported products and materials). 

Reliable data on both the physical and toxicological 
characteristics of particular chemicals and mixtures and 
the amounts of BFRs produced and used are essential 
for evaluating potential exposure and releases into the 
environment during the life-time of these chemicals, 
for assessing potential problems associated with BFRs 
entering waste streams, and for determining appropriate 
management practices. Even in countries with relatively 
transparent administrative procedures, relevant data are 
sometimes restricted.

In Europe, the gradual shift of responsibility for risk 
management, from the supervising authorities to the 
producers of chemicals, places the obligation on the 
companies producing, trading, and using BFRs to de-
liver the necessary information. However, for all coun-
tries, the first phase of this project has shown that such 
information needs to be more actively requested from 
the companies and their organizations, as opposed to na-
tional authorities, if identified data gaps are to be filled. 

A possible follow-up activity is to develop actions 
that would encourage producers and importers of BFRs 
to recognize their (corporate) responsibility for manag-
ing environmental and health risks, and hopefully to fill 
some of the major basic data gaps experienced in Phase 
I through improving data reporting from companies 
producing, trading, and using BFR chemicals or the 
organizations that represent such companies. 
Relevance: Global / Arctic Countries – to improve the 
basis for developing actions to reduce contamination 
of the Arctic through long-range transport and local 
contamination.

7. Develop a plan to communicate the results of the 
ACAP BFR Project: (i) externally—within other fora, 
including promoting relevant international actions, and 
(ii) internally—within Arctic Council structures.

•	 Outreach:	
Objective: To enhance awareness and access to infor-
mation with respect to BFR use, aimed at decision-
makers and different stakeholder groups.
Identify relevant decision-makers in different organi-
zational structures (international fora, Arctic regional 
authorities, responsible national agencies, UNECE 
Task Force on POPs, Stockholm Convention on POPs 
Review Committee, industry stakeholders, etc.) and 
develop information products to most effectively target 
the different audiences. Part of this work would involve 
updating fact sheets and producing other outreach 
products.
Relevance: Global / Arctic Countries – to encourage 
implementation of actions to reduce contamination 
of the Arctic through long-range transport and local 
contamination.

•	 Communication	of	Project	Results:
Objective: To further develop options for actions within 
Arctic countries to reduce contamination of the Arctic 
through long-range transport and local contamination.
Develop a report summarizing the Phase II results and 
evaluating options for an eventual Phase III.

8. Evaluate the need for considering actions on new 
hazardous BFRs, based on updated AMAP information.

Phase I of the BFR Project focused on five major BFRs. As 
a result of existing regulatory and voluntary interventions, 
two of these (PentaBDE and OctaBDE) are unlikely to 
pose a continuing threat to the Arctic as a result of new use 
in the Arctic countries, although ‘legacy’ waste disposal and 
continuing use in other countries may result in contamina-
tion of the Arctic with these BFRs for some time to come.

Objective: To contribute to efforts aimed at preventing 
the introduction of new harmful chemicals or new sourc-
es of contamination within Arctic (and other) countries.

Implementation: Compile and evaluate results 
from screening studies in the Arctic to enable early 
identification of new BFRs that are being introduced 
onto the market (and also BFR-substitute chemicals) 
that may pose a threat to the Arctic environment and 
its ecosystems. It is recommended that this work be 
conducted in close cooperation with AMAP, based on 
information arising from AMAP monitoring and as-
sessment activities, including an update assessment/
review of BFRs in the Arctic to be prepared by the 
AMAP POPs Expert Group.

Relevance: Global
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14 Canada, Denmark/Greenland/Faroe Islands, Finland, Iceland, 
Norway, Russia, Sweden, United States

6.3 ACAP Phase II Follow-up
The objectives of the ACAP Project on Brominated Flame 
Retardants are to: (1) reduce or eliminate sources and 
releases of BFRs that are of concern in the Arctic environ-
ment; (2) identify and develop safe waste-handling and 
recycling practices for BFR-containing products; and (3) 
identify alternative flame retardant chemicals and tech-
nologies and promote safe alternatives.

The purpose of Phase I of the ACAP BFR Project was 
to inventory sources of BFR releases and to identify exist-
ing BFR management strategies and BFR alternatives. 
When Phase I was initiated in 2004, it was anticipated 
that it would be followed by a Phase II project to evaluate 
actions to reduce or eliminate priority sources. Concerns 
about BFRs have been increasingly recognized over the 
past few years, and in response to this, the European 
Union, Arctic countries, and some BFR manufacturers 
and trade associations have taken a number of regulatory 
or voluntary actions to reduce or eliminate the new use 
or releases of some BFR chemicals. Notwithstanding this, 
contamination by BFRs from, for example, legacy wastes 
can be expected to continue for many decades, and the 
environmental fates of other BFRs and alternatives have 
yet to be fully documented. Restrictions on the use of 
BFR chemicals are also being discussed in a number of 
other international and national fora.

In order not to duplicate effort, the suggestions for 
possible Phase I follow-up activities will be evaluated tak-
ing into account the results of Phase I of the project and 
recognizing the following important considerations:
•	 In	view	of	the	scarcity	of	local	sources	of	several	BFRs	

within the Arctic, and their persistence and potential 
for long-range atmospheric transport, many of the 
principal sources of concern are located to the south of 
the Arctic region, including the non-Arctic territories of 
the Arctic countries themselves. Furthermore, the BFR 
Project Phase I activities to inventory sources of BFR 
contamination within the Arctic countries14 has revealed 
that BFR-containing products have not been widely 
used in Russia, that the limited recent production of 
BFRs in Russia has now ceased, and that most BFRs 
currently imported to Russia for use in manufacturing 
are subsequently re-exported. Consequently, whereas 
most previous ACAP projects have focused on support-
ing Russia to implement measures to reduce sources of 
contaminants that can affect the Arctic, the next phase 
of the BFR Project needs to have a wider (geographi-
cal) scope, namely, to promote actions to reduce or 
eliminate sources of releases of BFRs that impact the 
Arctic in both Arctic and non-Arctic countries, and in 

particular those countries with a high consumption of 
BFR-containing products. Preventing unnecessary new 
use of BFRs (i.e., use that is not warranted in order to 
meet fire prevention standards) should be a priority in 
all countries.

•	There	are	relatively	few	(if	any)	sources	of	BFRs	within	
the Arctic that are associated with the production of 
BFR chemicals or BFR-containing products. Similarly, 
the presumed more limited access to BFR-containing 
consumer goods in much of the Arctic means that direct 
(indoor) exposure to BFRs by most Arctic populations 
is likely to be relatively low compared with that of more 
southerly populations. Therefore, actions to reduce Arc-
tic contamination by BFRs are likely to be most effec-
tive where they are directed at reducing or eliminating 
sources of releases of those BFRs that have the greatest 
potential for long-range transport and/or bioaccumula-
tion in Arctic food webs. 

•	Within	the	Arctic,	actions	could	be	considered	to	ad-
dress the handling of BFR-containing wastes under 
circumstances that prevail for many Arctic communi-
ties, for example, where facilities may not exist for local 
collection for recycling or incineration and where local 
landfilling or burning of wastes could be a source of lo-
cal BFR contamination or exposure.

Any proposals for follow-up activities or actions by 
member countries (or non-member countries) will be on 
a voluntary basis, as deemed appropriate and based on the 
policy direction and available resources of each country 
concerned.  

As some of the follow-up activities are closely related 
to activities currently under way through other interna-
tional fora such as the Stockholm Convention on Persist-
ent Organic Pollutants, the Convention on Long-Range 
Transboundary Air Pollution, and the Basel Convention, 
member countries are encouraged to explore the comple-
mentarity of any planned work with these organizations.   
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Annex A

FACT SHEET Brominated Flame Retardants in the Arctic
Arctic Monitoring and Assessment Programme (AMAP) and
Arctic Council Action Plan to Eliminate Pollution of the Arctic (ACAP):
January 2005

Brominated Flame Retardants 
in the Arctic

Use and production
Flame retardants are industrial chemicals that are used in plastics, 
textiles, electronic circuitry and other materials to prevent fires. They 
are used in both ‘additive’ and ‘reactive’ application processes.
Some BFRs, including PBDEs, HBCD, and PBBs (although the lat-
ter are no longer used) are additives mixed into chemical polymers. 
They can migrate from the surface of their product applications into 
the environment. TBBPA also has significant use as an additive flame 
retardant. 
Other BFRs, including TBBPA, are reactive, being ‘chemically 
bonded’ in product materials. However, some of the reactive flame 
retardant may not have polymerized and residues may be released to 
the environment during end use. 
PBDE products include three commercial mixtures (also known as 
technical products):
• The ‘PentaBDE’ mixture, which may contain BDEs with 3-6 

bromines (the main component congeners being tetra- BDE-47; 
penta- BDE-99 and -100; and hexa- BDE-153 and -154).

• The ‘OctaBDE’ mixture, which contains primarily BDEs with 
7-bromines, but also BDEs with 6-, 8- and 9-bromines (the main 
component congener being hepta- BDE-183).

• The ‘DecaBDE’ mixture, which consists mainly of the fully bro-
minated decaBDE (BDE-209, with 10-bromines) but may contain 
small amounts of BDEs with 8- and 9-bromines.

HexaBBs and DecaBBs are polybrominated biphenyls with, respec-
tively, six- and ten- bromines.
Annual worldwide market demand for the three PBDE commercial 
mixtures, HBCD and TBBPA in 2001 is given in Table 1. TBBPA 

The AMAP 2002 Assessment of Persistent Organic Pollutants in 
the Arctic, found components of the PentaBDE product in a wide 
variety of Arctic samples. Since the publication of the 2002 AMAP 
POPs assessment report, new data have been produced show-
ing that Octa- and DecaBDE as well as hexabromocyclododecane 
(HBCD), tetrabromobisphenol A (TBBPA) and polybrominated bi-
phenyls (PBB) are also present in both abiotic and biotic samples 
in the Arctic. Where information on temporal trends is available, 
levels of current use BFRs are increasing in the Arctic, giving 
significant reason for concern.

accounts for about two thirds of the BFR production volume, although 
knowledge concerning the environmental fate and possible biological 
effects associated with this substance is extremely limited.

Current regulation
The PBB technical product containing HexaBB was banned in North 
America and Europe in 1973 and production of the DecaBB techni-
cal product ceased in 2000. According to the EU directive on the 
restriction of the use of certain hazardous substances in electrical and 
electronic equipment (RoHS), PBB and PBDE will be prohibited in 
new electrical and electronic equipment from 1 July 2006. DecaBDE in 
polymeric applications is currently exempted from this restriction.
Because of their hazardous properties, the PentaBDE and OctaBDE 
commercial mixtures were banned in the European Union and Norway 
in 2004. Similar bans of PentaBDE and OctaBDE will become effec-
tive in several states of the United States, beginning January 1, 2006, 
earliest. Canada is currently carrying out an assessment of the PBDEs. 
After ceasing the production of PentaBDE and OctaBDE in Europe, 
Great Lakes Chemicals also ceased production of these chemicals in 
North America at the end of 2004.

Table 1. Estimated world market demand for PBDEs, TBBPA and HBCD in 2001 given in metric tonnes (www.bsef.com)

What are brominated flame retardants?
Brominated Flame Retardants (BFRs) are chemicals with flame retardant properties that contain 
brominated organic compounds. They include: 

• polybrominated diphenyl ethers (PBDEs)

• hexabromocyclododecane (HBCD)

• tetrabromobisphenol A (TBBPA) and 

• polybrominated biphenyls (PBBs)
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PentaBDE has been proposed for inclusion in the UN ECE LRTAP 
Convention POPs Protocol because of its persistence, bioaccumulation 
potential and toxicity (PBT criteria).
An EU risk assessment of DecaBDE has been provisonally finalised. 
Although this did not result in any control actions, concerns remain 
regarding the widespread occurrence of the substance, its potential 
as a neurotoxin, and its possible degradation to, for example, lower 
brominated diphenyl ether compounds. Further work is necessary to 
clarify the bioaccumulation potential and toxicity of the substance, and 
the significance of degradation to substances with PBT properties. One 
US state has enacted legislation on DecaBDE that may result in risk 
management measures beginning January 1, 2008 if a safer, nationally 
available alternative is identified.

The EU risk assessments of HBCD and TBBPA have yet to be completed.

Physical properties and environmental behavior
Components of PentaBDE and OctaBDE technical products, as well as 
HBCD have been shown to be persistent in the environment, and to un-
dergo long-range transport. They have been found in field and laboratory 
studies to bioaccumulate, and to be lipophilic – tending to accumulate in 
fatty tissues.
TBBPA is more water-soluble, and is found in blood and liver, however 
it may form a metabolite, dimethyl-TBBPA, which is more lipophilic and 
may accumulate in fat. DecaBDE also appears to be persistent and has 
been found at low levels in some organisms. Less is known about the en-
vironmental behavior of TBBPA and DecaBDE than for the other BFRs.
The Arctic accumulation potential of PBDEs has been studied using 
several global fate and transport models. Tetra- and pentaBDEs were 
shown to be susceptible to global fractionation, having comparable Arc-
tic accumulation potential as the hexa- and heptachlorinated PCBs. This 
suggests that PBDEs and other BFRs with similar physical properties 
will undergo long-range atmospheric transport, deposition and revola-
tilization, and by these processes can ‘hop’ from urban use areas in the 
northern hemisphere to the remote Arctic.

Biological activity
All of the BFRs described in this fact sheet have shown biological activ-
ity, with differences in potency. The PBDEs having 4-6 bromines are the 
best studied compounds to date and have been shown to cause immune 
system effects, thyroid hormone effects (a specific endocrine effect), 
reproductive effects and developmental neurobehavioral toxicity in ani-

mals used in laboratory studies. In similar experiments, DecaBDE and 
HBCD have also been shown to cause developmental neurobehavioral 
toxicity and HBCD seems to cause thyroid hormone effects. Data for 
TBBPA is mostly from cell-culture studies, but these indicate that it may 
affect the immune system, thyroid hormones and may be neurotoxic. 
There is a general lack of data for the toxicity of many BFRs.

Levels and trends in the Arctic environment
Based on the accumulating evidence of their presence in the Arctic 
and indications of long-range transport for several BFRs, PentaBDE, 
OctaBDE and DecaBDE, PBBs and HBCD have characteristics that 
may qualify them as POPs.
The AMAP 2002 Assessment of Persistent Organic Pollutants in the 
Arctic1, reported that components of the PentaBDE product are pres-
ent in a wide variety of Arctic samples. Since the publication of that 
assessment, new data have been produced2 showing that OctaBDE and 
DecaBDE, as well as HBCD, TBBPA and PBBs are also present in 
Arctic abiotic and biotic samples3.

The Arctic as an indicator region for environmental persistence and bioaccumulation
The Stockholm Convention on Persistent Organic Pollutants (POPs) entered into force on May 17, 2004, and the UN ECE POPs Protocol to 
the Convention on Long-range Transboundary Air Pollution on 23 October 2003.

Although BFRs are not yet included under either of these international agreements, the Stockholm Convention states that chemicals with 
the characteristics of persistent organic pollutants (POPs) are those found in locations “distant from sources” and those for which “moni-
toring data showing that long-range environmental transport of the chemical … may have occurred”.

The Arctic is therefore an important indicator region for assessment of persistence and bioaccumulation of POPs. Some Arctic areas, 
such as the Barents region, are relatively close to the industrial areas of Europe that are major source regions for POPs. Other parts of 
the Arctic, however, are very remote, with few activities that constitute local sources of POPs.

Compared with temperate or tropical environments, the cold conditions that prevail in the Arctic favor persistence of POPs. The presence 
of carnivores such as polar bears and seabirds, high in the food-chain, and the storage of lipid as an energy source by many Arctic spe-
cies, make Arctic food webs vulnerable to bioaccumulative chemicals. Humans are also top predators in Arctic food-chains, and indig-
enous people in the Arctic utilizing a traditional diet, which is high in nutritionally beneficial fat, exhibit elevated exposure to some POPs4.
It is only recently that scientists have begun to analyze Arctic samples for OctaBDE and DecaBDE, HBCD and TBBPA. Thus, there is less 
data available for these substances than for PentaBDE, but this situation is changing rapidly as new data are generated and published.

Figure 1. Sum PBDE in Arctic air samples.

1de Wit, C.A., Fisk, A.T., Hobbs, K.E., Muir, D.C.G., Gabrielsen, G.W., Kallenborn, 
R., Krahn, M.M., Norstrom, R.J. & Skaare, J.U. (2004). AMAP Assessment 2002: 
Persistent Organic Pollutants in the Arctic. Arctic Monitoring & Assessment 
Programme, Oslo, Norway, 2004, and references therein.
2de Wit, C.A., Alaee, M., & Muir, D.C.G. (2005) Levels and trends of brominated 
flame retardants in the Arctic. Chemosphere, (accepted).

3When discussing results relating to the components of the PentaBDE and 
OctaBDE technical products, the term PBDEs is used. Where DecaBDE has been 
measured, this is indicated.
4Hansen, J.C., Gilman, A., Klopov, V. & Odland, J.Ø (Eds) (2002). AMAP  
Assessment 2002: Human Health in the Arctic. Arctic Monitoring & Assessment 
Programme (AMAP), Oslo, Norway. xiv+137 pp.
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Levels and trends in the Arctic human  
inhabitants
There is currently only a limited amount of information on PBDEs in 
humans in the Arctic, however, given the wide use of marine mammals 
in the traditional diet of the Inuit of Far Eastern Siberia, North America 
and Greenland, their presence in humans is expected. Median levels in 
human milk from Nunavik (Arctic Québec) and the Faroe Islands are 
similar and temporal trends show rapidly increasing levels with time in 
both populations. However, concentrations of PBDEs in human milk 
in Nunavik were lower than in human milk samples from residents of 
southern Canada. Geometric mean levels of PBDEs in human milk and 
plasma from several sites across Arctic Russia are ten times lower than 
in Nunavik and the Faroe Islands.
The recent findings that PBDEs are lower in human milk from 
Nunavik than southern Canada is unlike the situation for PCBs, and 
suggests that exposure via the traditional diet may not be as significant 
a pathway as it is for PCBs.

Figure 2. Sum PBDE concentrations in various seabird 
species.

Figure 4. Sum PBDE concentrations in Ringed seals and 
Polar bears.  

Should we be worried?
BFRs are produced in large volumes and used in a wide range of 
products, from which they can leach and enter the environment. 
They include compounds that have the potential to reach the Arctic 
via long-range transport. Although limited for some BFRs, available 
information shows that BFRs are present in many compartments of the 
Arctic environment and its ecosystems, with rapidly increasing trends 
in contaminant levels reflecting use patterns. The biomagnification 
potential, biological activity, and possible effects on the health of Arctic 
biota, including humans are a source of concern. Control measures 
have already been implemented that restrict production and use of 
some BFRs, in particular PBBs and the PentaBDE and OctaBDE com-
mercial mixtures. However, more information, including results from 
monitoring the presence of BFRs in the Arctic, is urgently required 
in order to complete the picture for other BFRs, in particular HBCD, 
DecaBDE and TBBPA, which account for most of the BFRs currently 
produced and used, but about which information is sparse.
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Figure 5. Temporal trends of Sum PBDEs in the Western 
Canadian Arctic.

Figure 3. Temporal trend of PBDE concentrations in human 
milk from Nunavik, Canada compared to southern Canada.
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AMAP assessment reports are available on the Internet at: www.amap.no

AMAP Key Findings
Penta- and OctaBDE:
Tetra-, penta-, hexa- and heptaBDEs in the PentaBDE 
and OctaBDE technical products have been found to 
be ubiquitous in Arctic air samples, although PBDE 
levels in most Arctic samples are lower than those 
seen in more southerly locations (Figure 1). Open 
burning of waste occurs in some Arctic and sub-
Arctic communities, because municipal waste is not 
recycled, and often cannot be suitably incinerated or 
landfilled. This practise may result in a local contribu-
tion to atmospheric contamination by PBDEs and 
other BFRs in some Canadian air samples.

Animals from the terrestrial environment generally 
have low PBDE levels, with higher concentrations 
found in eggs of predatory birds feeding on ter-
restrial mammals and birds. PBDEs are also found in 
freshwater fish from Arctic Russia, northern Norway, 
southern Greenland, and the central Canadian 
archipelago. In the marine environment, PBDEs have 
been found in zooplankton and blue mussels, and in 
various marine fish species around northern Norway, 
Svalbard, and Greenland, and also in several species 
of seabird. Highest concentrations appear to be in 
seabirds in the European Arctic (Figure 2).

PBDE concentrations in ringed seal blubber from 
northeastern Greenland, East Greenland and Svalbard 
were up to 10 times higher than levels reported from 
western Greenland, and the Canadian Arctic. PBDEs 
are also found in numerous whale species inhabiting 
the Arctic Ocean and North Atlantic, with highest 
concentrations found in long-finned pilot whales 
from the Faroe Islands. In polar bears, highest mean 
concentrations of PBDEs were found in bears from 
Svalbard, East Greenland, Southeast Baffin, and 
Western Hudson Bay. Concentrations of PBDEs in 
polar bears paralleled those of PCBs suggesting com-
mon transport and bioaccumulation pathways in the 
Arctic marine food web (Figure 4).

Low concentrations of PBDEs are observed in soil 
samples from Chukotka, eastern Russia and in moss-
es, lichens and berries from across the Russian Arctic. 
Norwegian woodland soils have four times higher 
PBDE levels than Chukotka soils, and moss samples 
collected at two Arctic sites in Norway had ten times 
the levels found in Russian vegetation samples.

Sediment core slices from seven lakes in West Green-
land showed increasing concentrations of tetraBDE in 
recent horizons. PBDEs were also detected at similar 
levels in marine sediments from the High Arctic 
Canadian archipelago (Barrow Strait, Penny Strait and 
Nanisivik), in Tromsø harbor (northern Norway) and 
Kola Bay and Guba Zapadnaya Litsa, northern Rus-
sia. Sediments at Polyarnyy, a closed city with a navy 
base, had levels that were 1000 times higher and are 
more similar to levels seen at impacted sites in more 
southerly latitudes.

�  Geographic trends of PBDEs and HBCD 
in polar bears, whales, ringed seals and 

seabirds are similar to those for PCBs, which 
suggests that these chemicals are transport-
ed and accumulated by the same pathways. 
It also suggests that source regions are the 
same, i.e. urban areas particularly in north-
ern Europe and eastern North America.

�  The lower brominated BDEs have been 
shown to bioaccumulate and biomagnify, 
with the hexaBDE, BDE-153, showing a 
particularly high biomagnification factor in 
polar bears. BDE-153 is the predominant 
BDE in peregrine falcons, golden eagle, 
gyrfalcon, merlin, lynx, glaucous gulls, 
polar bears and human milk from the Faroe 
Islands. In most other biota types, the 
tetraBDE, BDE-47, and/or the pentaBDE, 
BDE-99, dominate, whereas in sediments, 
decaBDE (BDE-209) dominates (if it was 
included in the analyses).

�  Where temporal trend data are avail-
able, they show that levels are increasing 
rapidly. PBDEs in eggs of seabirds collected 
between 1975 and 1998 from Prince Leo-
pold Island, Canada, show rapidly increas-
ing trends (about 10-fold over this 14 year 
period). Ringed seals and beluga from the 
Canadian Arctic show similar increasing 
concentrations of these compounds with 
doubling times of about 4 years (Figure 
5). Temporal trends of PBDEs in peregrine 
falcon eggs from southern Greenland, col-
lected between 1986 and 2003 also show 
increasing trends of 5-10% per year.

DecaBDE:
DecaBDE is found in moss, grouse, moose and lynx 
in northern Norway, and in Swedish and Greenlandic 
peregrine falcons, which have 100 times higher levels 
than the Norwegian animals. It is also present in 
several Norwegian predatory birds. Temporal trends 
in Greenlandic peregrine falcons show that BDE-209 
levels have increased 6% per year since 1986. BDE-
209 was detected in recent slices of lake sediment 
cores in three Canadian Arctic lakes collected as part 
of a north-south transect from southern Ontario to 
Ellesmere Island. The Arctic lakes have much lower 
inputs than more southerly lakes with somewhat 
later appearance of BDE-209 and the inputs increase 
with time. The presence of BDE-209, which is very 
non-volatile, in these remote lakes implies transport 
via airborne particles. Marine sediment samples from 
Tromsø harbor (northern Norway) have BDE-209 
concentrations that are higher than for the sum of the 
other PBDEs. In marine animals, BDE-209 has been 
found in blue mussels and Atlantic cod from Lofoten 
and Varanger, Norway. It was analyzed for but not 
detected in western Canadian ringed seals. BDE-209 
has recently been detected in blood and egg samples 
from glaucous gulls on Svalbard and on Bjørnøya and 
in fat from Svalbard polar bears.

�  While the components of PentaBDE and 
OctaBDEs are ubiquitous in the Arctic, 
the presence of DecaBDE components in 
remote Arctic lake sediments, moss, Arctic 

terrestrial birds and mammals, glaucous 
gulls and polar bears indicates that even 
this congener is subject to long range trans-
port. Temporal trends in sediments and 
falcons show rapidly increasing levels.

Hexabromocyclododecane (HBCD):
HBCD has been found in air samples from Am-
marnäs, northern Sweden, and Pallas, northern 
Finland as well as in deposition samples from Pallas. 
The levels are lower than are seen near urban centers 
and point sources. HBCD concentrations are high in 
northern Swedish peregrine falcons, but considerably 
lower in falcons from Greenland.

In marine animals, HBCD has been found in blue mus-
sels and Atlantic cod from Lofoten and Varanger, and 
in polar cod from Bjørnøya. HBCD is present in Sval-
bard ringed seals and in a spatial study, highest HBCD 
levels were found in polar bears from east Greenland 
and Svalbard and lowest levels in polar bears from the 
Chukchi/northern Bering Sea (Figure 4).

�  Although atmospheric measurements are 
limited, there is evidence for long range 
atmospheric transport of PBDEs and HBCD 
to the Arctic.

Tetrabromobisphenol A (TBBPA):
Tetrabromobisphenol A (TBBPA) was detected on 
the filter of one Dunai air sample. Moss samples 
collected at two Arctic sites in Norway (Skoganvarre 
and Valvik) also had detectable levels. TBBPA was 
found in marine sediment samples from Tromsø 
harbor (northern Norway) and in Atlantic cod from 
Lofoten and Varanger. TBBPA has also been detected 
in Norwegian peregrine falcon and golden eagle eggs 
and the dimethylated metabolite of TBBPA has been 
found in Greenlandic peregrine falcon eggs.

�� Very little data is presently available 
for TBBPA; too little as yet to make firm 
conclusions about this substance. However, 
the limited knowledge that is available gives 
reason for concern. In principal, TBBPA 
could be transported by the same pathways 
as DecaBDE, i.e. on particles, as is indicated 
by the finding of TBBPA on an air filter 
sample as well as on moss.

PBBs:
In moss samples collected at two Arctic sites in 
Norway, a few PBBs with 3-4 bromines were found 
at one site (Valvik). PBBs with 6 or more bromines 
are found in biota, including Norwegian and Swedish 
peregrine falcons, glaucous gulls from Bjørnøya and 
polar bears.

�  PBBs have been found in moss, sea-
birds, birds of prey and polar bears. Their 
temporal trends are unknown but from their 
limited use compared to PBDEs they are not 
likely to be increasing.

ACAP
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Annex B

Questionnaire
Inventory of sources of BFRs, and identification of alternatives and 

management strategies 
(Cover page) 

Purpose
The project Reduction or Elimination of Sources and Releases of Brominated Flame Retardants 
(BFRs) is being implemented as part of the Arctic Council’s Action Plan to Eliminate Pollution of the 
Arctic (ACAP) (for more information see: www.arctic-council.org). Phase 1 of the project involves 
the preparation of an Inventory of sources and identification of alternatives and management 
strategies. In order to do this, it has been agreed that a questionnaire will be circulated within all 
Arctic countries, with the request that this questionnaire be completed and returned to the ACAP BFR 
project organizers by or before 1 August 2005. 

Some important points to note 
The target period for the information requested on the questionnaire is 2000-2004.  
The questionnaire should be completed with relevant information concerning five main BFRs: 
pentabromodiphenyl ether (penta-BDE; CAS no. 32534-81-9), octa-BDE (CAS no. 32536-52-0), 
deca-BDE (CAS no. 1163-19-5), hexabromocyclododecane (HBCD; CAS no. 3194-55-6), and 
tetrabromobisphenol A (TBBPA; CAS no. 79-94-7). The AMAP fact sheet on Brominated Flame 
Retardants in the Arctic identifies these BFRs as those that are found at increasing levels in the Arctic 
Environment. Where available, relevant information on other BFRs, including now largely banned 
products such as polybrominated biphenyls (PBBs) should be provided under the category ‘other 
BFRs’.  
Information should be supplied for the main use and product categories that are specified in the 
questionnaire (see question A2). 
The main objective is to quantify amounts of BFRs, as opposed to providing information on BFR-
containing products or non-brominated flame retardants. 
Quantification by weight should be in SI units (metric tonnes or kilograms, as appropriate)1.
Where-ever possible, quantification should be by weight of BFRs in the various categories; 
information on assumptions made regarding amounts of BFRs per unit product should also be 
provided. If it is not possible to estimate amount (weight) of BFRs for certain product categories, 
available information on, e.g. the number of units produced/used should be supplied. 
If information is available to assess the historical perspective (trends in development of production, 
use and trade in BFRs and BFR-containing products) this should be provided. 
If available, information on the life-time of BFR releases associated with different types of 
waste/product should be provided and/or taken into account. 

Who should fill in this questionnaire? 
The main work to complete the questionnaire should be carried out by the representatives of the 
Arctic countries responsible for implementation of the ACAP BFR project. They are responsible for 
contacting relevant authorities within their countries, and compiling the data and information in an 
appropriate manner. The questionnaire will also be circulated to other organizations that may be able 
to provide relevant data and information. 

If you have any questions pertaining to this questionnaire or if any instructions are not clear, please 
contact Solvår Hardeng (address below).

1 Units: one metric tonne (t) = 1000 kilograms (kg); one short ton (US) = 907.18 kg; one long ton (Imperial) = 
1016.05 kg 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 1) 

The ACAP BFR project inventory involves collection, compilation and quantification of 
information for the eight Arctic countries (Canada, Denmark/Greenland, Finland, Iceland, 
Norway, Russia, Sweden, USA).

Questionnaire response2 from: 

Country

Submitted by 
(name, address, contact numbers)

Date

2 Completed questionnaires should be sent as electronic documents to Solvår Hardeng 
(solvar.hardeng@sft.no) with a copy to the AMAP Secretariat (amap@amap.no) by or before 
1 August 2005. Background documents available in hard-copy only can be mailed to Solvår 
Hardeng, Norwegian Pollution Control Authority (SFT), P.O. Box 8100 Dep, N-0032 Oslo, 
Norway.

If you have any questions pertaining to this questionnaire or if any instructions are not clear, 
please contact Solvår Hardeng (address above). 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 2) 

Part A. Sources and releases of BFRs
Important notes: 

Please provide data and information for the following five BFRs: penta-BDE, octa-BDE, 
deca-BDE, HBCD, TBBPA. Where available, information on other BFRs may also be 
reported.

Data should be provided for the most recent year for which they are available, and the year 
indicated (the target period for the information requested on the questionnaire is 2000-2004).

A1. Production of BFRs as chemicals (including import/export of BFRs) 

A1(a) Does your country produce BFRs as chemicals? 

(If so, name the BFRs, and the approximate quantities produce, in metric tonnes3)

A1(b) Does your country import BFRs as chemicals? 

(If so, name the BFRs, and the approximate quantities imported, in metric tonnes3)

If information is available, please also specify the main countries you import from, and the 
quantities imported from each country, in metric tonnes3)

A1(c) Does your country export BFRs as chemicals? 

(If so, name the BFRs, and the approximate quantities imported (in metric tonnes)3

If information is available, please also specify the main countries you export to, and the 
quantities exported to each country, in metric tonnes3)

A1(d) Summarise your country’s use of BFRs as a balance of production, import and 
export of BFR chemicals

(e.g., in a table showing the approximate amounts, in metric tonnes3, for each BFR) 

3 Units: one metric tonne (t) = 1000 kilograms (kg); one short ton (US) = 907.18 kg; one long ton (Imperial) = 
1016.05 kg 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 3) 

A2. Production of products containing BFRs (including import/export of 
these products) 

The BFRs might be included as chemicals in finished products or as semi-finished product - 
avoid possible double accounting. 
Information should be reported for the following use/product categories:
 Electronic/Electrical

o Television Housings 
o Computer Monitors Housing 
o Printers/copies/Faxes/scanners 

Housing
o Printed Circuit Boards 
o Wire and Cable 

 Furniture + Furnishings 
o Mattresses + Bedding 
o Furniture + Seating foams 
o Upholstery Fabric 
o Textiles
o Carpet Underlay 

 Transportation 
o Car Seats + Cushing 
o Buses/Trucks 
o Airplanes

 Building/Constructing
o Insulation
o Pipes
o Composite material 

 Packaging
 Industrial Machinery 
 Consumer products 

A2(a) Does your country produce products which contain BFRs? 

(If so, for each BFR, indicate the most important products produced (from the list of 
use/product categories specified above), and if possible indicate quantities of BFRs used in 
each product category) 

A2(b) Does your country import products which contain BFRs? 

(If so, for each BFR, indicate the most important products imported (from the list of 
use/product categories specified above), and if possible indicate quantities of BFRs imported 
in each product category) 

If information is available, please also specify the main countries you import the product(s) 
from, and the quantities of BFRs in products imported from these country, in metric tonnes)

A2(c) Does your country export products which contain BFRs? 

(If so, for each BFR, indicate the most important products exported (from the list of 
use/product categories specified above), and if possible indicate quantities of BFRs exported 
in each product category) 

If information is available, please also specify the main countries you export the product(s) 
to, and the quantities of BFRs in products exported to these country, in metric tonnes) 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 4) 

A2(d) Summarise your country’s use of BFRs as a balance of production, import and 
export of BFR-containing products

Prepare a separate table for each BFR, including the various product categories listed in 
your responses to questions A2(a-c), e.g., 

BFR: [Insert type of BFR] 

Main consumer 
product category4

Polymer/resin 
(plastic type) 

Reaction type 
(reactive or 
additive) 

Estimated quantity 
of product 
entering/leaving 
your country each 
year5 (by weight6

or number of units 
produced/imported/ 
exported) 

Estimated quantity 
of BFRs 
entering/leaving 
your country each 
year5 (in metric 
tonnes6)

[Insert product 
category]

4 See list on previous page 
5 Insert values for the most recent year(s) for which data are available, where possible selecting the most recent 
year during the period 2000-2004. If production/import/export varied dramatically between years (e.g. as may 
be the case for ‘aircraft’), please provide additional information on production/import/export levels over a recent 
representative period. 
6 Units: one metric tonne (t) = 1000 kilograms (kg); one short ton (US) = 907.18 kg; one long ton (Imperial) = 
1016.05 kg 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 5) 

A3. Waste management (e.g. disposal, handling and recycling)

A3(a) Are there requirements (legislation/codes of practice/other) for special 
treatment of waste containing BFRs in your country?  

(Please specify) 

A3(b) What are normal waste management procedures and practices (disposal, re-
use, re-cycling, incineration) for different categories of waste in your country? 

(Please describe) 

A3(c) Please quantify the amount of waste disposed of, re-used, recycled and 
incinerated) in your country, and also the amount that is exported (specify exports to 
Arctic and non-Arctic countries) for the different categories identified in A3(b).

A4. Releases/emissions

If available, please provide information on BFR releases from production, products, and 
waste management (including waste water management).  

Please provide full reference of available studies, and an abstract of content. 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 6) 

Part B. Further knowledge needed to improve or enable waste 
management practices for products containing-BFRs 
(Please identify/describe) 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Questionnaire 
Inventory of sources and identification of alternatives and 

management strategies 
 (Page 7) 

Part C. Management strategies/actions/practices 
(1) Describe existing or planned management strategies/actions/practices (e.g. bans, 
restrictions, guidance, green procurement, voluntary agreements, etc.) employed to reduce or 
eliminate sources and releases of BFRs to the environment. 

(2) Identify relevant stakeholders involved in the development and application of 
management strategies/actions/practices (please provide contact information if available). 

(3) Describe your experience with the various strategies/practices. 

ACAP Project: ‘Reduction or Elimination of Sources and Releases of Brominated Flame Retardants’ 
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Annex C: Summary of Information  Reported 
Concerning Amounts of BFRs used in 
 Production of Products Containing BFRs

Table C1: Amounts of TBBPA used in production of manufactured goods.

Country Amount t/y Amount per capita 
(t/y/million people)

Products

Canada 100-1000 3-31 Electrical and electronic equipment and building insula-
tiona

Denmark 190 36 Electrical and electronic equipment (83%)a

Transportation products (cars) (16%)

Consumer products (1%)
Finland 150 30 Electrical and electronic equipment
Norway 150 34 Electrical and electronic equipment
Russia 8 0.06 n.a.
Sweden 240 27 Electrical and electronic equipmenta (amount indicated 

refers to import of chemical for use by Swedish industry)
USA 18000 60 Electrical and electronic equipment (99%)a Construction 

(1%)
a accounts for >10% of national use; n.a. information not available

Table C2: Amounts of HBCD used in production of manufactured goods.

Country Amount t/y Amount per capita 
(t/y/million people)

Products

Canada 100-1000 3-31 Building insulationa

Denmark 52 10 Electrical and electronic equipment (6%)

Furniture (8%)

Transportation (38%)

Insulation (48%)a

Finland 400c 80c Building insulationa

Norway 4 + 15 t 4 Building insulation (EPS/XPS)b and HBCD in imported 
cellular rubber

Russia 120 0.85 n.a.
Sweden 2 0.22 Building insulationa

USA 2800 9.3 Polystyrene foam, back coating for textilesb

a accounts for >10% of national use; b accounts for >1 to < 10% of national use; c ca. 90% of the reported use in 
 Finland is re-exported in manufactured products; n.a. information not available
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Table C3: Amounts of DecaBDE used in production of manufactured goods.

Country Amount t/y Amount per capita 
(t/y/million people)

Products

Canada 86 2.7 Textiles, wires
Denmark 69 13 Electrical and electronic equipmentb (54%)

Transportation (43%)b

Consumer products (3%)b

Finland 6 1.2 Building materials and additivesb

Norway 5 1 Building insulation (cellular rubber)b

Russia 200 1.4 n.a. 
Sweden 5 in 2003

(0 in 2005)

0.55 Electrical and electronic equipmentb

USA 19000-25000 63-83 High impact polystyrene, used in, e.g., TV/monitor cas-
ings (80-87%)a

Textiles (13-20%)a

a accounts for >10% of national use; b accounts for >1 to < 10% of national use; n.a. information not available
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Annex D: Summary of Information on 
 National Strategies within the Arctic Coun-
tries for Management of BFRs
Canada

Canada published a scientific screening assessment on 
PBDEs on 1 July 2006. This assessment indicates that 
PBDEs are toxic under Section 64(a) of the Canadian 
Environmental Protection Act, 1999 (CEPA 1999). The 
report also recommends the implementation of virtual 
elimination for tetraBDE, pentaBDE, and hexaBDEs, 
which were found to be persistent, bioaccumulative, and 
present in the environment primarily as a result of hu-
man activity. PBDEs were added to Schedule 1 (List of 
Toxic Substances) of CEPA 1999 on 27 December 2006. 
Canada publicly released a proposed risk management 
strategy for addressing PBDEs in the autumn of 2006 
which describes how the identified risks posed by the use 
and/or release of PBDEs will be addressed. 

In December 2006, Canada published proposed 
Polybrominated Diphenyl Ethers Regulations for a formal 
public comment period. These regulations prohibit the 
manufacture of seven PBDEs (tetaBDE, pentaBDE, hex-
aBDE, heptaBDE, octaBDE, nonaBDE, and decaBDE) 
in Canada. The proposed regulations also prohibit the use, 
sale, offer for sale and import of tetraBDE, pentaBDE, 
hexaBDE and mixtures, polymers and resins containing 
these substances, and prohibit the manufacture of these 
mixtures, polymers, and resins. These regulations represent 
an important first step in the risk management of PBDEs 
in Canada, with a focus on the three PBDEs that meet the 
criteria for virtual elimination under CEPA 1999. 

Canada will develop additional risk management 
actions to complement the proposed regulations, specifi-
cally actions targeting products, as well as an approach to 
minimize releases of the DecaBDE commercial mixture to 
the environment from textile and plastic manufacturing 
operations in Canada. 

The risk screening assessments for HBCD and for 
TBBPA and two of its derivatives are on-going under the 
Domestic Substances Program of Environment Canada. 
Should the final assessment decisions regarding HBCD 
or TBBPA recommend that they be added to the List of 
Toxic Substances in Schedule 1 of the Canadian Environ-
mental Protection Act, 1999 (CEPA 1999), Environment 
Canada will begin public consultation on proposed risk 
management approaches for addressing the risks posed by 
these substances.

Denmark

In March 2001, the Danish EPA submitted an Action 
Plan for Brominated Flame Retardants, which serves 
as the foundation for future regulation of brominated 
flame retardants in Denmark. The objective of the Action 

Plan is the international phase-out of the use of the most 
problematic BFRs through regulatory measures in the 
EU and other international fora. In the short term, the 
focus is on PBBs and PBDEs, which need to be phased 
out within the space of a few years. In the longer term, the 
objective is to identify and phase out all other problem-
atic flame retardants. A further objective is to assess the 
alternatives to BFRs to facilitate substitution with suitable 
alternatives that are less harmful to the environment and 
health, thereby helping to promote the development of 
cleaner products. The use of all flame retardants that can 
be released from products should be avoided if they are 
persistent, can accumulate, and if they are suspected of 
having harmful effects on the environment and/or health.

The Nordic Swan and EU Flower EcoLabel criteria for 
electronic products such as computers and television sets 
and for textiles stipulate that various parts of the products 
may not contain PBBs or PBDEs. The Danish EPA will 
continue to work towards ensuring that flame retardants 
with undesirable environmental and health effects are not 
used in ecolabelled products. In addition, the Environ-
mental Guidelines on public procurement recommend 
avoiding, as far as possible, products that contain chlo-
rinated and brominated materials. However, fire safety 
considerations and the significance of the environmental 
impact will also be included in this work. In order to 
promote the development of cleaner products that do not 
contain brominated flame retardants, the Programme for 
Cleaner Products and its successor will continue to sup-
port the development, testing, and assessment of alterna-
tives, as well as the dissemination of knowledge to manu-
facturers about the possibilities for using the alternatives. 
NGOs have produced a homepage providing the names 
of products that do not contain any BFRs (http://clean-
production.org/Flame.Alternatives.php). The effectiveness 
of this initiative is not known. 

It is very difficult for authorities and importers to ob-
tain information regarding which flame retardant is used 
in a given application or product. It is therefore practically 
impossible for the importers and consumers to take action 
and avoid problematic BFRs in products. In practice, it is 
also very difficult and expensive for authorities to conduct 
an information campaign; where this has been done in 
the past, e.g., in the United States, this has had little or no 
effect on the market. 

The exemption for DecaBDE introduced into the 
RoHS Directive by the European Commission in October 
2005 was challenged in January 2006 by Denmark and 
The European Parliament; this matter has been brought 
before the European Court of Justice.

Finland

According to the Finnish government’s programme, a 
general chemicals strategy is being elaborated, including 
a pre-study of health and environmental risks associated 
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with releases of chemicals used in articles and materials. 
The strategy, including proposals on further risk-reduction 
measures needed (in addition to the implementation of 
the new EU legislation; REACH), was presented in 2006.

Norway

Norway’s target is to reduce emissions of BFRs substan-
tially by 2010. The environmental authorities drew up an 
action plan in 2002 to achieve this goal. The plan includes 
risk reduction measures such as a prohibition against the 
use of specific substances, information activities, the col-
lection of data, and stricter control of waste collection and 
treatment. The action plan has been updated to take new 
knowledge and measures into account.

The work in the different areas is well under way, yet it 
takes time to disseminate knowledge as well as to increase 
the level of competence in working with the problems 
involving brominated flame retardants. The ban against 
two substances has probably led to a minor reduction 
in consumption, but also to a transition over to other 
brominated flame retardants. An earlier target of 80% 
recovery of EEE waste (WEEE) has been achieved and the 
most important brominated flame retardants must now be 
treated as hazardous waste. It will take time before reduc-
tions in the use and emissions of these substances will be 
able to be measured.

The Norwegian Pollution Control Authority has evalu-
ated the consequences of a ban on the use of DecaBDE 
and is considering the development of a proposal for ban-
ning DecaBDE.

Risk assessments and further testing of HBCD and 
TBBPA are being carried out as part of the EU risk assess-
ment programme.

The Norwegian Pollution Control Authority regards 
the implementation of the initiatives through the Green 
State procurement scheme as being important for increas-
ing the government’s purchases of products that contain as 
few brominated flame retardants as possible.

The Norwegian Pollution Control Authority is imple-
menting a strategy for the increased recovery of hazardous 
waste. One of the results of this will be that the degree of 
collection for three prioritized types of hazardous waste 
that contain significant amounts of BFRs will increase. 
The Authority is also working with the waste disposal 
industry in order to ensure that, where relevant, emissions 
of BFRs become a part of the future environmental moni-
toring at landfills. An updated monitoring programme is 
expected to be ready for implementation at all depots by 
no later than 1 July 2007.

Water that flows through a landfill can be contami-
nated by pollutants from the deposited waste. Landfills 
are therefore deemed to be a potential source for release of 
environmental toxins to the surrounding environment. By 
strengthening the monitoring at these sites, the Norwegian 
Pollution Control Authority expects to receive improved 

data on these releases, and will then be in a better position 
to assess the need for additional measures to be undertaken.

The Norwegian Pollution Control Authority is working 
with county governors on the on-going follow-up con-
cerning shredding systems in order to ensure the respon-
sible management of EEE waste containing brominated 
flame retardants. A particular emphasis will be placed on 
following-up shredding facilities with regard to the condi-
tions of the discharge permits and whether pollutants 
from the facilities can be found in the surrounding areas.

Sweden

PentaBDE and OctaBDE have been banned by the EU. 
This ban has been very effective in Sweden, resulting 
within a few years in no active use of these substances and 
decreasing concentrations in the environment.

A notification by Sweden to the EU of a national regu-
lation on DecaBDE in textiles was submitted in 2005, 
and a ban on the use of DecaBDE in new articles such as 
textiles, furniture, and cables entered into force in Sweden 
on 1 January 2007.

The need for further actions regarding HBCD and 
TBBPA is also being discussed nationally.

United States

In November 2003, Great Lakes Chemical Corp., the 
only U.S. manufacturer of PentaBDE and OctaBDE, 
announced a voluntary phase out of both chemicals by 31 
December 2004. To address possible future manufacture or 
import of PentaBDE or OctaBDE, the U.S. EPA proposed 
a rule in December 2004 to require notification prior to 
U.S. manufacture or import, for any use, of the commercial 
products PentaBDE and OctaBDE, and the PBDE con-
geners that comprise these products, after 1 January 2005. 
The U.S. EPA is currently working to finalize this rule.

The U.S. EPA is also working on a regulation to 
complement a planned national flammability standard 
for residential upholstered furniture being developed by 
the U.S. Consumer Product Safety Commission (CPSC). 
The rule would ensure that no inappropriate chemicals are 
used to meet the standard, and could cover any or all of 
the sixteen chemicals (including DecaBDE and HBCD) 
or categories of chemicals identified by CPSC and evalu-
ated by the U.S. National Academy of Sciences as likely to 
be used to flame retard fabrics on residential upholstered 
furniture. The regulation would require industry to notify 
the U.S. EPA prior to using DecaBDE or HBCD in resi-
dential upholstered furniture. 

Potential substitutes for PBDEs, TBBPA, or HBCD 
that are not on the U.S. Inventory of Existing Chemicals 
are evaluated under the U.S. EPA new chemicals pro-
gramme.

In the U.S. EPA’s August 2005 ‘Data Needs Deci-
sion’, the Agency concluded that additional data beyond 
that provided under Tier 1 assessments of the VCCEP 
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programme are needed for PentaBDE, OctaBDE, and De-
caBDE to characterize the risk to children. For PentaBDE 
and OctaBDE, the U.S. EPA believes that the primary 
outstanding data needs are two-generation reproduc-
tive toxicity studies which should be undertaken for both 
chemicals. The U.S. EPA also believes that there is a need 
to further understand the pathways of human exposure for 
PentaBDE and OctaBDE. The human monitoring data 
being developed in the U.S. CDC’s NHANES programme 
will provide relevant data that would be available for inclu-
sion in exposure assessments for PentaBDE and OctaBDE. 
However, in order to use the NHANES data, it will be 
necessary to have an understanding of the body burdens in 
the two-generation reproductive toxicity studies. In Janu-
ary 2006, U.S. industry informed the U.S. EPA of their 
decision not to sponsor either PentaBDE or OctaBDE in 
further tiers of VCCEP, although there continues to be 
considerable interest in these chemicals within the scientific 
community. 

As stated in the August 2005 ‘Data Needs Deci-
sion’, the U.S. EPA believes that assessment activities for 
 DecaBDE need to proceed to fully address the chemical’s 
fate and transport in the environment. A better under-
standing of DecaBDE’s potential to degrade to other 

substances is an especially significant exposure data need. 
The fate of DecaBDE in the environment is largely 
unknown. This lack of understanding adds uncertainty to 
the determination of whether people are exposed to De-
caBDE or its breakdown products, and if so, where and 
through which medium exposure occurs. Definitive stud-
ies of the fate and transport of DecaBDE are essential to 
a full understanding of the potential exposure pathways, 
especially for the indoor environment. Elucidation of the 
environmental fate of DecaBDE will provide data useful 
to examine the feasibility, and contribute to the design 
of, additional studies such as migration from consumer 
products, and transport and deposition by particles in 
the atmosphere. As with PentaBDE and OctaBDE, U.S. 
CDC’s NHANES programme will also provide relevant 
data for inclusion in exposure assessments for DecaBDE. 
In December 2005, U.S. industry voluntarily commit-
ted to preparing a Tier 2 submission, in response to the 
Agency’s data needs decision, for DecaBDE (see http://
www.epa.gov/chemrtk/vccep/status.htm for the referenced 
letters and documents).

Chemical releases, and other waste management activi-
ties, of DecaBDE and TBBPA are reported to the U.S. EPA 
Toxics Release Inventory (TRI).
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Annex E: Summary of Results of Recent 
Studies into BFR Alternatives
(1) 2000 Danish Report on BFR Alternatives

This report assesses the availability of physical, chemical, 
health, and environmental data for twelve leading BFR 
alternative chemicals. Two alternative chemicals had good 
data availability, five had poor data availability, and five 
had mixed data availability. 

Trivial name CAS no. Physical-chemical Health Environment

Triphenyl phosphate 115-86-6 Good Good Good
Tricresyl phosphate 1330-78-5 Good Poor (formulation 

data)
Poor (formulation 

data)
Resorcinol bis(diphenyl-
phosphate)

57583-54-7 Poor Poor Poor

Phosphoric acid (dime-
thyl ester)

20120-33-6 Poor Poor Poor

Aluminium trihydrox-
ide

21645-51-2 Medium Poor (partly data on 
aluminium)

Poor (partly data on 
aluminium)

Magnesium hydroxide 1309-42-8 Medium Poor Poor
Ammonium polyphos-
phates

14728-39-9 and 
68333-79-9

Poor Poor Poor (formulation 
data)

Red phosphorus 7723-14-0 Medium Medium (different 
allotrophic forms)

Medium (different 
allotrophic forms)

Zinc borate 1332-07-6 Poor Poor (data for boric 
acid and zinc)

Poor (data for sodium 
borate and zinc)

Melamine 108-78-1 Good Medium Medium
Antimontrioxide 1309-64-4 Good Good Good
Quinidincarbonate not available Poor Poor Poor (data from quini-

dine sulphate)
Source: Stuer-Lauridsen, F., Havelund, S., Birkved, M. 2000. Alternatives to brominated flame retardants, Screening for envi-
ronmental and health data. Danish EPA. <http://www.mst.dk/homepage/> (See- publications, publications database, type title.)

(2) 2001 German Assessment of Flame Retardants

This report evaluates chemical hazard and exposure data to 
judge whether a leading flame retardant is suitable for ap-
plication, not suitable, or whether substitution is sensible. 
Applications for these flame retardants are: unsaturated 
polyester (UP) resins (rail vehicles); polyurethane (PU) 
insulating foams and one-component foams (OCF) (con-
struction sector); plastics for generic uses in electronic and 
electrical equipment, in casings for electronic and electri-
cal equipment, and in printed circuit boards (electronics/
electrical engineering); and in upholstery and mattresses 
(textile applications). Two chemicals were rejected for 
application, substitution was desirable for two, substitu-
tion was deemed sensible for three, no recommendation 
could be made due to data deficit for four, and three had 
unproblematic applications.
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Overview V/14: Evaluation summary of flame retardants

I. Application rejected •	Decabrobodiphenyl	oxide
•	Tetrabromobisphenol	A,	additive

II. Reduction sensible; substitution desired •	Tetrabromobisphenol	A,	reactive
•	Tris(1-chloro-2-propyl)	phosphate

III Problematic properties; reduction sensible •	Hexabromocyclododecane
•	Sodium	borate	decahydrate
•	Antimony	trioxide

IV. Recommendation impossible due to a data deficit •	Decabromodiphenyl	oxide
•	Resorcinol	bis(diphenyl	phosphate)
•	Pyrovatex	CP	new
•	Melamine	cyanurate

V. Application unproblematic •	Red	phosphorus
•	Ammonium	ployphosphate
•	Aluminium	trioxide

Source: Leisewitz, A., Kruse, H., Schram, E. 2001. Substituting Environmentally Relevant Flame Retardants: Assessment 
Fundamentals, Results and Summary Overview. German Federal Environmental Agency. <http://www.umweltbundesamt.
org/fpdf-l/1988.pdf>

(3) 2002 UK Risk Reduction Strategy and Alternatives 
to Octabromodiphenyl Ether Report

This report concluded that alternatives to octabro-
modiphenyl ether for use in ABS currently exist. Six 
alternative chemical substances were identified for which 
existing data indicated a lesser risk to health and the envi-
ronment than for octabromodiphenyl ether. They are:
•	 Tetrabromobisphenol	A;	
•	 1,2-bis	(pentabromophenoxy)	ethane;
•	 1,2-bis	(tribromophenoxy)	ethane;
•	 Triphenyl	phosphate;
•	 Resorcinol	bis	(diphenylphosphate);
•	 Brominated	polystyrene.

Source: Risk & Policy Analysts Limited, June 2002: Risk 
reduction strategy and analysis of advantages and drawbacks 
for octabromodiphenyl ether. <http://www.rpaltd.co.uk/tools/
downloads/reports/octarrs.pdf>

(4) 2003 UK Report Prioritizing Flame Retardants for 
Environmental Risk Assessment

This study reports tonnage, hazard, risk, toxicity, chemical 
properties, distribution, and degradation in the environ-
ment for over 300 substances. It summarizes the uses, 
mechanisms of action and environmental regulation of 
flame retardants, and the routes by which they may enter 
the environment. The report also summarizes issues con-
cerning substitution of flame retardants. 

Source: National Centre for Ecotoxicology and Hazardous 
Substances, Environmental Agency, UK. 2003. Prioritisa-
tion of Flame Retardants for Environmental Risk Assessment. 
http://europa.eu.int/comm/environment/waste/stakeholders/
industry_assoc/ebfrip/annex2.pdf



50

(5) 2001 U.S. Consumer Product Safety Commission 
(CPSC) Exposure and Risk Assessment of Flame Retard-
ant Materials in Residential Upholstered Furniture

This report summarizes chronic hazard via dermal, oral or 
inhalation exposure hazards for eight leading chemicals 
(including HBCD) used to flame retard residential furni-
ture fabric. Four posed no hazard to consumers when used 
on residential upholstered furniture fabric, two did pose 
a hazard to consumers, one would pose a hazard only if 
fabric was treated with dry cleaning fluids, and one could 
not be evaluated due to the unknown identity and toxicity 
of the chemical by-products extracted.

Chemical Evaluated Finding (chronic hazard via dermal, oral or inhalation 
exposure scenarios)

Antimony trioxide (AT) Exposure to airborne particles at or near level of con-
cern for cancer and non-cancer effects (empirical data 
still needed to confirm). Dermal and oral below level of 
concern.

Cyclic phosphonate esters (CPE) (also known by the 
trade name Antiblaze N/NTR)

No hazard to consumers

Decabromodiphenyl oxide (DBDPO) No hazard to consumers
2-ethylhexyl diphenyl phosphate (EHDP) Would present a hazard only if treated fabric is exposed to 

dry cleaning fluids.
Hexabromocyclododecane (HBCD) No hazard to consumers
Phosphonic acid, (3-(hydroxymethyl)amino)-3-oxopro-
pyl)-, dimethyl; ester (PA) (sold under the trade name 
PyrovatexR)

No hazard to consumers

Tetrakis (hydroxymethyl) phosphonium chloride 
(THPC) (Proban CCR)

Could not be assessed. Additional information on the 
identity and toxicity of phosphorus-containing com-
pounds found in extracts from THPC-treated fabrics is 
needed. THPC itself not detected. Could be considered 
hazardous if compounds as toxic as THPC.

Tris (1,3-dichloropropyl-2) phosphate (TDCP) (Fyrol 
FR-2R)

Appears to be hazardous regarding both cancer and 
non-cancer health effects. However, data on migration in 
liquids and emissions into air are needed to confirm this 
conclusion.

Source: Babich, M.A., Thomas, T.A. 2001. CPSC Staff Exposure and Risk Assessment of Flame Retardant Chemicals in 
Residential Upholstered Furniture. Excerpted from pages 63 and 64 of the report found at: http://www.cpsc.gov/library/foia/
foia02/brief/furnit1.pdf

(6) 2004 High Density Packaging User Group Interna-
tional, DfE Phase II Report

This report summarizes efforts by major U.S. electronics 
manufacturers to evaluate the toxicity and performance 
of several non-halogenated alternative flame retardants for 
use in printed circuit boards and integrated circuit com-
ponents. Comparisons to TBBPA are made. Alternatives 
evaluated include: antimony trioxide, aluminium hy-
droxide, magnesium hydroxide, zinc borate, ammonium 
polyphosphate, red phosphorus, and other phosphorus 
compounds. Conclusions reached are that aluminium hy-
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droxide and magnesium hydroxide were the best performers 
from a toxicity and environmental standpoint; however, 
there are some questions concerning the ability to use these 
flame retardants in printed circuit board applications.

Source: High Density Packaging User Group International, 
2004. Design for the Environment Phase II Report. http://www.
hdpug.org/public/6-projects/recent/2004-projects/dfe-2.htm

(7) 2004 Kemi Overview Report on Flame Retardants in 
Textiles

This report is an overview of flame retardant chemicals 
used in textiles. No health or environmental data on the 
alternatives are given. No performance data on the alter-
natives are given. 

Source: The Swedish Chemical Inspectorate, 2004. Survey and 
technical assessment of alternatives to decabromodiphenyl ether 
(decaBDE) in textile applications. http://safer-products.org/
downloads/Kemi%20Deca%20Alts%20in%20Textiles.pdf 

(8) 2005 Kemi Overview Report on Flame Retardants 
in Plastics

This report is an overview of flame retardant chemicals 
used in plastics. No health or environmental data on 
the alternatives are given. No performance data on the 
alternatives are given. Contains a survey of five electronics 
companies and what alternatives they are using.

Source: The Swedish Chemical Inspectorate, 2005. Survey 
and Technical Assessment of Alternatives to Decabromodiphe-
nyl ether (decaBDE) in Plastics. Google: www.kemi.se/
upload/Trycksaker/ Pdf/Rapporter/Rapport1_05.pdf

(9) 2005 University of Massachusetts DecaBDE 
Alternatives report

This report summarizes available alternatives to DecaBDE 
used in plastics and fabrics, including non-chemical alter-
natives. No health or environmental data on the alterna-
tives are given. No performance data on the alternatives 
are given. It includes examples of alternatives identified for 
use in plastic electronic enclosures. The report also identi-
fies several alternatives for use on textiles. 

Source: Lowell Center for Sustainable Production, University 
of Massachusetts Lowell, 2005. Decabromodiphenylether: An 
Investigation of Non-Halogen Substitutes in Electronic En-
closure and Textile Applications. http://sustainableproduction.
org/downloads/DecaBDESubstitutesFinal4-15-05.pdf

(10) 2005 U.S. Environmental Protection Agency 
Report on Chemical Alternatives to PentaBDE for use 
in Low-density Polyurethane foam

This report provides detailed information on potential 
health and environmental hazards of 14 leading flame 
retardant chemical alternatives to PentaBDE for use in 
low-density flexible polyurethane foam. No performance 
data on the alternatives are given.

Source: U.S. EPA, 2005. Environmental Profiles of Chemical 
Flame-Retardant Alternatives for Low-density Polyurethane 
Foam. http://www.epa.gov/dfe/pubs/flameret/ffr-alt.htm

(11) 2005 Washington State Department of Health, 
Polybrominated Biphenyl Ether (PBDE) Chemical Ac-
tion Plan. Draft Final Plan.

This document addresses alternatives to PentaBDE, 
OctaBDE, and DecaBDE. See pages 61–77 (especially 
Table 12) and appendices C and F.

Source: 2005 Washington State Department of Health, 
Polybrominated Biphenyl Ether (PBDE) Chemical Action 
Plan. Draft Final Plan. December 1, 2005. http://www.ecy.
wa.gov/pubs/0507048.pdf

(12) Clariant Produkte (Deutschland) GmbH: Alterna-
tive Chemicals to BFRs

A summary table of available halogen-free flame retardants 
by polymer application prepared by Clariant Produkte 
(Deutschland) GmbH is available at http://www.flamere-
tardants-online.com/news/downloads/over_english/over-
view_non-hal_2006.pdf.
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Annex F: Glossary of abbreviations

Abbreviation Explanation

ABS Acrylonitrile butadiene styrene
BFRs Brominated flame retardants
BSEF Bromine Science and Environmental 

Forum
DecaBDE Decabromodiphenyl ether
EE Electrical and electronic (equipment)
EPS Expanded polystyrene
EU European Union
HBCD Hexabromocyclododecane
HIPS High Impact Polystyrene
OctaBDE Octabromodiphenyl ether
PBDE Polybrominated diphenyl ether
PBT Polybutylene terephthalate 
PC Polycarbonates
PCB (1) Polychlorinated biphenyls (group of 

chemicals)

(2) Printed circuit boards (PWBs = 
printed wire boards (US))

PentaBDE Pentabromodiphenyl ether
PET Polyethylene terephthalate
POPs Persistent organic pollutants
PWB Printed wire boards
RoHS Restriction of the use of certain Hazard-

ous Substances in electrical and elec-
tronic equipment (EU Directive)

SNUR Significant New Use Rule (U.S. EPA)
TBBPA Tetrabromobisphenol A
VECAP Voluntary Emission Control Action 

Plan 
WEEE EU Directive on Waste Electrical and 

Electronic Equipment
XPS Extruded polystyrene




