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Background
1.
Reference is made to PRAM 99/4/1 and §§ 10.1 – 10.4 of the DIFF 98 Summary Record (DIFF 98/19/1).

2.
Along the lines of § 11.3 e. of the DIFF 98 Summary Record, WWF recalls its concern about  the slow progress on measures to eliminate those hazardous substances that have been on the DIFF work programme for a number of years and were confirmed by OSPAR MMC 98 as being Chemicals for Priority Action.

3.
WWF believes that in the light of new findings about the occurrence and fate of brominated flame retardants in the marine environment as well as their endocrine disrupting potential (cf. DIFF 98/10/NGO.1-E, DIFF 98/19/NGO.2-E, SIME 99/04/09-E), OSPAR’s efforts towards phasing out the use of these chemicals will become a particular test case on its way to implement the Strategy with Regard to Hazardous Substances.

4.
Further to the information provided to DIFF 96 and DIFF 98, WWF therefore presents another briefing on brominated flame retardants to PRAM 99 which takes new findings, assessments and political agreements into account. The focus of the attached document is on polybrominated diphenyl ethers.

Action requested

5.
PRAM is invited to 

a. take note of the attached information with a view to using it for the preparation of the draft OSPAR background document on brominated flame retardants;

b. consider WWF’s recommendations included in the attached document.

*) The briefing on brominated flame retardants was written for WWF UK by Gwynne Lyons in April 1999.
BROMINATED FLAME RETARDANTS - A WWF BRIEFING

This briefing relates to a particular type of brominated flame retardants, the polybrominated diphenyl ethers (PBDEs or PBBEs). These substances are used to prevent fire from taking hold quickly, and are found in plastics, in foam filled furniture, and on textiles.

WWF is concerned about the possible long term effects of PBDEs on wildlife, particularly in the marine environment, which is the final sink for many contaminants. Like the ubiquitous PCBs (polychlorinated biphenyls) these substances are now found in the body fat of numerous wildlife species, including sperm whales, suggesting that even the deep ocean is now contaminated. Furthermore, other data suggest that these flame retardants may lead to similar environmental problems as the PCBs, and therefore WWF considers that PBDEs should be phased out.

There are three PBDEs sold in Europe, and these are penta-brominated diphenyl ether (penta), octa-brominated diphenyl ether (octa), and deca-brominated diphenyl ether (deca). However, these are actually mixtures, and for example, penta contains somewhere around 24-38% of tetra-brominated diphenyl ether (tetra) , and similarly, octa contains perhaps around 10% of hexa- and 44% of hepta-brominated diphenyl ether, although the manufacturers of octa have all signed a voluntary agreement to look at ways of minimising the proportion of the more hazardous lower brominated substances. 

Penta is mainly used in polyurethane foam filled furniture, whereas octa is used in the housings of office equipment and business machines. Deca is used in the plastic casings of TVs, videos, and computers, and due to the strict fire regulations in the UK and Eire, it is also used on curtaining and upholstery textiles. Many types of plastic may contain PBDEs, which may make up around 20% of the final weight of the plastic.

Major concerns
The lower brominated compounds such as tetra and penta are able to build up in the body fat of animals (bioaccumulate), and a particular concern is that deca and octa may eventually break down in the environment to these potentially more harmful lower brominated derivatives. The worry is that long term exposure to these substances might cause effects in future, particularly on animals at the top of the food chain. Many animals, including whales, dolphins, seals, birds, and man, have now been found to be contaminated with these substances, and the levels appear to be increasing. 

The possible effects on these species are difficult to predict from tests on a few selected species over shorter time periods, but it seems that possible target sites are the liver, thyroid, nervous and immune systems. Interactive effects are also a potential concern, because wildlife and humans are now contaminated with many man-made chemicals, which might act together to cause the threshold for effects to be exceeded.
Tetra and commercial penta are able to disrupt the normal functioning of the thyroid hormones,
,
 which are responsible for normal brain development. These substances are therefore considered to be hormone disruptors or endocrine disrupting chemicals (EDCs).

Persistence and bioaccumulation
Neither penta, octa, nor deca are readily biodegradable, but it is tetra and penta that have the greatest ability to bioaccumulate in animals. Some of the highest levels recorded are shown in Table 1. From this it can be seen that octa can be taken up to a limited extent, but high levels of penta and tetra have been recorded in birds, fish and dolphins.

The ability of a substance to bioaccumulate is measured by the BCF (bioconcentration factor) or BAF (bioaccumulation factor). The BCF is based on laboratory studies and is a comparison (ratio) of the concentrations observed in biota with respect to concentrations in the water to which it is exposed under steady state conditions. When the ratio is derived from accumulation through both the medium and the food chain, it is called the bioaccumulation factor (BAF), and this is generally based on field studies. Both tetra and penta have BCFs which indicate that these substances are able to bioaccumulate, and this can be seen to be borne out by monitoring data. The BCF of tetra is considered to be 17,000-35,100, while the BCF of one of the penta isomers is around 5,260-11,700. 

Deca itself, has a low potential for bioaccumulation, probably because large molecules have difficulty crossing the cell walls in organisms, and this is similarly the case for octa, unless it contains significant amounts of lower brominated compounds. Hexa, for example, appears to have a low to moderate potential for bioaccumulation. However, there is some suggestion that deca might undergo de-bromination in the environment, and to assess the significance of this more experiments under environmentally realistic conditions are needed.

Human exposure
Human exposure arises mainly from contaminated food, because these substances are now found as widespread environmental contaminants. Also, some exposure may arise via the air, because small amounts of these substances may leach out of articles, particularly from plastics when they are warmed up. Babies are also exposed via mothers breast milk, and over the last 25 years the levels of these substances in breast milk have rapidly escalated to around 4µg/kg of lipid,
 due at least partly to the build up of these substances in the food chain. The predominant PBDEs found in milk are tetra, and to a lesser extent penta. In one sample of breast milk, particularly high levels of PBDEs were found (28 µg/kg),
 but even this baby’s exposure would be well below the level shown to cause effects on brain development in animals.
 Therefore, this briefing certainly does not advocate that breast feeding should be discouraged. Nevertheless the increasing trends in the PBDE contamination of breast milk should be taken very seriously and action is needed to minimise future contamination.
As of 1999, the World Health Organisation (WHO) had not set Tolerable Daily Intakes for these substances, but there were some moves to look at brominated compounds.

Releases of PBDEs to the environment and transport 
Production and processing facilities may discharge PBDEs to the environment, and high levels have been found in biota downstream of certain industrial factories. However, releases of PBDEs can also occur from some products throughout their life cycle, including during recycling, and after disposal to landfill. Certainly, the concentrations of tetra and penta in fish from coastal waters around the UK suggests widespread contamination from both point and diffuse sources.
 Furthermore, the presence of these substances in remote areas illustrates their ability to be transferred long distances in air.

SOME HIGH LEVELS OF PBDEs IN THE ENVIRONMENT AND ANIMALS 

Media
TetraBDE (tetra)

2,2'4'4'-
PeBDE (penta)

2,2'4'4',5-
OBBE

(octa)
DBBE

(deca)

Sediments1
UK

898µg/kg dw

Tees estuary
1405µg/kg dw

R.Skerne
3190 µg/kg dw

R.Calder

Sediments1
World

1400µg/kg dw

Swedish factory
22µg/kg 

Japan
14000µg/kg dw

US

Flounder liver1
Tees Bay UK

13.6% lipid
1,294 µg/kg ww
108 µg/kg ww
115µg/kg
<1.2µg/kg

Flounder muscle1 Tees Bay UK

1.2% lipid
22µg/kg ww
4.4µg/kg ww
7µg/kg ww
<1.2µg/kg



Mussel 1
The Wash UK

1.8% lipid
3.5 µg/kg ww
3.9 µg/kg ww
16µg/kg ww
<1.2 µg/kg

Arctic Char 2
around Sweden

muscle 1987

5.3% lipid
400µg/kg lipid
64µg/kg lipid



Osprey 2
around Sweden

82-86 0.4%lipid
1800µg/kg lipid
140 µg/kg lipid



Guillemot eggs 2
around Sweden

1970-1989
130-1,500 µg/kg lipid
24-330 µg/kg lipid



Dolphin blubber3
Southern North Sea 1990
2,600-3,000

µg/kg ww
220 µg/kg ww



Sperm whale4
Netherlands coast: blubber 72.2% lipid
95 µg/kg ww
15 µg/kg ww

(unknown Penta isomer)

<3 µg/kg

Whitebeaked4 Dolphin Netherlands coast: blubber 99% lipid
5,500µg/kg ww
1,200µg/kg ww

<10 µg/kg ww

Human Milk
Upsala, Sweden

[for refs see text]
16.1 µg/kg lipid
4.47 µg/kg lipid
Sum of all PBDEs = 28.2µg/kg lipid

Notes to table
1. Allchin C R, Law R J, Morris S,1999, Polybrominated diphenylethers in sediments and biota downstream of potential sources in the UK, Environmental Pollution, Volume 105, p197-207.

2. Jansson B, Andersson R, Asplund L, Litzen K, Sellstrom U, Uvemo U-B, Wahlberg C, Wideqvist U, Odsjo T and Olsson M, 1993, Chlorinated and brominated persistent organic compounds in biological samples from the environment, Environ. Toxicol. Chem., Volume 12, p1163-1174.

2. Sellstrom U, 1996, PBDEs in the Swedish environment, Licentiate Thesis, Instit of Applied Ressearch, Stockholm University, ITM Rapport, 1996:45.

3. De Boer J and Dao, 1993, Overview of bromodiphenylether data in aquatic biota and sediments, Report No C020/93, Agricultural research department, Netherlands Institute for Fisheries Research.

4. De Boer J, Wester P G, Rodriguez D P, Lewis W E, and Boon J P, 1998, Polybrominated biphenyls and diphenyl ethers in sperm whales and other marine mammals - a new threat to ocean life?, Volume 35, Organohalogen compounds, p383-385, Stockholm.

Production and Usage of PBDEs

A 1994 report documented that annual world-wide production of PBDEs had been estimated at 40,000 tonnes per year, which included 30,000 tonnes of deca (ie.75%), 6,000 tonnes of octa (ie.15%) and 4,000 tonnes of penta (ie.10%). 

Current consumption of PBDEs in the EU has been estimated at around 11,000 tonnes per year, with possibly around 7000 tonnes of this being imported. However, the current amounts of deca, octa and penta used within the EU are not known with any certainty.

In the mid 1990s, there were thought to be eight or nine producers of PBDEs worldwide, with 1 site in the UK, 1 in the Netherlands,1 in France, 2 in the USA, 3 in Japan, and possibly 1 in Israel. However, WWF believes that there is just one production site left in Europe, which makes deca.

Hormone disrupting effects and other possible effects on mammals and other species
Several studies indicate that commercially obtained penta (and pure tetra) are hormone disruptors which can exert effects on the thyroid system.(see 3) The effects of penta on thyroxine and the thyroid gland are considered to be principally due to the induction of liver enzymes,
 although several mechanisms may operate. For example, Bergman and colleagues have undertaken experiments which suggest that the metabolites of di and tetra can compete with thyroxine for binding to the transport protein (transthyretine).
  However, there may be differences in species susceptibility, and for example, man may be protected to some extent against effects caused by fluctuations in thyroid hormones, because of the presence of thyroxine binding globulin.

With regard to the cancer causing ability of these substances, for deca there is some evidence that it can cause liver tumours in rats, and thyroid tumours in mice. However, the conclusion of the International Agency for Research and Cancer is that there is limited evidence for deca’s carcinogenicity in animals, but that it is not classifiable as to its carcinogenicity in humans. In 1998, experts studying these substances within the EU programme to assess the risks of substances under the Existing Substances Regulation (793/93),
 concluded that in order to assess the risk to workers, further work was needed to explore the genotoxic potential of deca, and to elucidate the cancer causing mechanisms of action. Penta was not expected to be mutagenic, but for penta and octa, no studies were available to determine whether or not they might cause cancer.

In addition, experiments with mice suggest that commercial penta may have a detrimental effect on the immune system.
 Also, in certain reproductive studies, there were some signs of foetal toxicity.(see 3)
The liver appears to be sensitive, and for penta, a no observed adverse effect level (NOAEL) of 1 mg/kg bw/day has been determined, with effects evident at 2 mg/kg bw/day and above. However, it appears that effects on brain development can occur at even lower dosages, if exposure of the offspring occurs during the period of rapid brain development. Even a single dose of tetra (0.7mg/kg bw) or penta (0.8mg/kg bw) given to young mice, was found to affect their behaviour later in life. Furthermore, this effect got worse as the animal aged, which indicated the advance of a brain dysfunction process.
 

With regard to possible effects on species other than mammals, long term tests with penta have been conducted on water fleas (Daphnia magna) and algae. However, for penta, experts drafting the EU risk assessment reports have concluded that as of early 1999, long term effects on fish cannot be ruled out, and neither were there any data on penta’s toxicity to birds.

It is also a concern that when these substances are subjected to combustion, other harmful substances called brominated dioxins and furans may be formed. Given that these substances have similar persistence and toxicity as the chlorinated dioxins and furans which are now already found in the general population in developed countries at levels such that “subtle effects may already occur”,
 it would be wise to try to reduce releases of these substances as much as possible. Releases from the destruction of flame retarded products in incinerators is not expected to add very significantly to the overall releases dioxins and furans, but nevertheless, the burning of flame retarded products in accidental and open fires, or in combustion devices not operating to waste incineration standards, may contribute to local “hot spots.” Indeed, the 1998 IPCS (International Programme on Chemical Safety) Environmental Health Criteria document (205) on polybrominated dibenzodioxins and dibenzofurans recommended that “all products flame-retarded with bromine compounds should be labelled and disposed of only in properly constituted waste incinerators”. Furthermore, it stated that every effort should be made to prevent exposure to brominated dioxins and furans, and therefore that “brominated flame retardants should not be used where suitable replacements are available”.

On-going research on PBDEs

Experts reviewing the toxicity of these substances as part of the EU coordinated work under Regulation 793/93 have concluded that many more tests need to be undertaken on these substances before the risks they pose can be accurately assessed. For penta, the recommended tests include:-

•
a fish early life stage toxicity study

•
a sediment organism toxicity study

•
an earthworm toxicity study

•
a higher plant toxicity study

•
a soil nitrification inhibition study.

After the results of the tests on penta have been scrutinised, decisions will be taken as to whether further testing of deca and octa are also needed. However, tests are also to be undertaken to determine the fate of the octa and deca in the environment, and to examine whether these are able to breakdown to the lower brominated derivatives.

Current UK and international regulatory initiatives
The risks associated with the use of PBDEs are therefore currently under detailed evaluation under the EU programme of work on existing substances. Therefore, risk assessment reports (RARs) are being prepared by the rapporteur countries, which in this case is the UK and France. In the UK, this involves the designated agencies of the Health and Safety Executive (HSE) for human health and the Environment Agency for the environmental aspects, with the Department of Environment Transport and the Regions (DETR) being the lead Government Department overseeing the risk assessments.  These risk assessments for human health and for the environment, can reach one of three conclusions, for various uses and for various environmental compartments. These are i) there is a need for further information and/or testing ii) there is at present no need for further information and/or testing or for risk reduction measures beyond those which are being applied already or iii) there is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.  As outlined earlier, further testing will be required.

Unfortunately, however, not all UK Government Departments seem to want to undertake such a thorough evaluation of these substances. When referring to deca, a report commissioned by the Department of Trade and Industry (DTI) has stated that examination of the toxicology of this flame retardant used in consumer products indicates that in general it does not pose any significant threat to human life and the environment.
 Such an unequivocal conclusion can be seen to cut across the DETR co-ordinated risk assessments, and furthermore, chooses to ignore concerns about the possible de-bromination of this compound in the environment.  

Moreover, the need for international coordination to reduce the usage of these substances has already been agreed by Environment Ministers at the Fourth International Conference on the protection of the North Sea. They pledged, as one of the urgent measures to be implemented by the year 2000,

“ to take concerted action within the framework of the competent international forums to substitute the use of the following hazardous substance by less hazardous or preferably non-hazardous substance where these alternatives are available:


.... brominated flame retardants.”

Brominated flame retardants are also included on the OSPAR List of Substances for Priority Action. At Sintra in July 1998, OSPAR countries pledged:

“We shall make every endeavour to move towards the target of cessation of discharges, emissions, and losses of hazardous substances by the year 2020. We emphasise the importance of the precautionary principle in this work.

I) To this end, the (OSPAR) Commission will

•
implement our strategy progressively and with well-defined intermediate targets; this implementation will start from the OSPAR List of Chemicals for Priority Action which have already been agreed, including carrying forward the drawing up of programmes and measures by 2020 for the control of discharges, emissions and losses of substances on that list, and their substitution with less hazardous or non-hazardous substances where feasible.”

The nine countries who are signatories to the Ministerial Declarations on the North Sea are Belgium, Denmark, France, Germany, the Netherlands, Sweden, Switzerland, Norway, and the UK. OSPAR signatory countries include the nine North Sea signatories and Finland, Ireland, Luxembourg, Portugal, Spain, and Iceland.  Therefore, it can be seen that there is widespread international agreement that safer substitutes should be brought in for brominated flame retardants. However, legislative instruments are still needed in order to achieve this, and WWF has actively lobbied for an OSPAR Decision to phase out these substances
.

Many other initiatives highlight the concerns about brominated flame retardants. In Sweden, for example, the National Chemicals Inspectorate (Kemi) have proposed a ban on the marketing and use of PBDEs.
 Also, the 1997 IPCS (International Programme on Chemical Safety) Environmental Health Criteria document (192) on flame retardants states that “the use of flame retardants with properties that make them persistent and bioaccumulative should be avoided”. And in Germany, an eco-label (Blue Angel) has been awarded for personal computers which do not include certain flame retardants, such as PBDEs.

WWF’s RECOMMENDATIONS
Accept the need for precaution
In view of the potential additive effects from the numerous contaminants now found in wildlife and humans, including breast milk, WWF argues that urgent measures should be put in place to reduce exposures and releases of these substances.

Carry out more research
More work needs to be done to understand the effects of long-term exposure to low levels of these substances, including their potential effects on the learning behaviour of offspring and the functioning of the immune system. 

Implement the substitution principle
Within EU legislation on industrial chemicals, WWF is lobbying for chemicals that are used for the same purpose to be evaluated as a group, in order to facilitate the introduction of the substitution principle. This substitution principle would dictate that where there are equivalent less dangerous substances or preferably non-hazardous alternatives available, these would replace the most hazardous substances. This method of forcing the most hazardous substances off the market if safer alternatives exist is sometimes referred to as "comparative assessment" or the product choice or exchange principle. It is currently only embodied in EU legislation referring to biocides (in Directive 98/8), but could be expanded into other areas. Enshrining this principle in EU legislation, such as the Existing Substances Regulation (793/93), would provide a much needed mechanism to implement Ministerial commitments made at conferences on the North Sea. However, WWF underlines that the substitution principle should only be used to accelerate substitution with safer alternatives. The non-availability of alternatives should not delay controls for a substance if the current risk assessment concludes these are necessary, such as when the predicted environmental concentration (PEC) exceeds the predicted no effect concentration (PNEC). 

WWF would also underline that within comparative assessment, the first consideration should be whether or not there is a real need for a chemical product at all. For example, in the UK there are now 3000 deaths each year resulting from the use of asbestos, with perhaps sadly somewhere around a quarter of a million deaths still to come.
, 
 Therefore, arguably more people could have been saved if alternative methods of fire prevention and life saving options, such as fire alarms and fire escape requirements, had been used instead of asbestos. 

Phase out persistent and bioaccumulating substances
WWF is also proposing that persistent and bioaccumulating substances, or substances whose breakdown products possess these properties, should be phased out regardless of their currently known toxicity, and that EU legislation should be amended accordingly. This is because the long term effects of these chemicals on species at the top of the food chain are difficult, if not impossible, to predict from limited short term toxicity tests on a few selected species. Also, if effects do become evident, then due to the persistent and bioaccumulative nature of these substances, it will be impossible to reverse these effects in the short term.  

Commercial penta is both persistent and able to bioaccumulate. Furthermore, as manufacturers are unable to provide conclusive evidence that deca and octa are not broken down into lower brominated substances, in line with putting the burden of proof on industry, WWF considers that these substances should also both be treated as if they possess these unwanted attributes. 

Therefore, WWF concludes that deca, octa and penta, that is all the currently marketed PBDEs, should be phased out. 

Impose mandatory labelling of products containing brominated flame retardants
Unless phase-out dates for these substances are agreed in the short term, then mandatory labelling schemes to identify products containing brominated flame retardants should be urgently imposed.
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