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Executive  Summary
In May, 2004, the rapporteur from the United Kingdom released the  Final Environmental Draft of the Draft Update Risk Assessment of Deca-Bromodiphenyl Ether (Deca-BDE). It concluded that there is need for further information and/or testing with regard to the assessment of deca-BDE to be persistent, bioaccumulative and toxic but that there is no further need for risk reduction efforts beyond what already exists with regard to a range of environmental media.  In Feburary, 2005, the European Union released a new Human Health Draft of the Draft Update Risk Assessment of Deca-BDE completed by France which determined that there is no need for further information and/or testing or for risk reduction measures beyond those which are already in place with regard to consumer exposure, but that further data is required for exposure in workers and humans exposed via the environment.

When drawing conclusions from the data the rapporteurs have chosen to favour interpretations that avoid committing a Type I error (i.e., a false positive), rather than committing a Type II error (i.e., a false negative).  The result in the Update of the Risk Assessment of Deca-BDE is conclusions that recommend further research rather than risk reduction measures, even in cases where the weight of evidence favors risk reduction measures.  

The decision of the rapporteurs to recommend further research to ensure greater scientific certainty (i.e., to avoid false positives) does not protect the environment and human health.  This is particularly so in the face of future environmental harm that could possibly be of the scale of polychlorinated biphenyls (PCBs) and polybrominated biphenyls (PBBs) -- which are classes of banned chemicals akin to polybrominated diphenyl ethers (PBDEs)
 Matthias Kaiser, professor for Philosophy of Science and Director of the National Committee for Research Ethics in Science and Technology in Norway writes: “when dealing with decision making about possible future harm, for example, about some environmental matter, the really crucial information may be what the chances are of overlooking a real effect.  In overlooking this statistical insight in standard significance tests, science makes a value assumption not adequate for preventive measures in the light of possible harm” (emphases added).
 

The recommendations of the rapporteurs are especially of concern in light of the history of empirical research on deca-BDE.  As detailed below, deca-BDE has consistently defied expectations and predictions of degradation, exposure, and toxicity.  Deca-BDE was not supposed to degrade in the environment.  It was not supposed to be widely dispersed in the environment.  It was not supposed to be taken up by wildlife or people.  It was not supposed to be toxic.  

The rapporteurs may be continuing past underestimations of potential harm posed by deca-BDE into the present, especially when they conclude that the amounts of the lower brominated diphenyl ethers “formed will be very small.”
  Should this conclusion be wrong (Type II error, or false negative), the implications for the environment and human health will last for many years to come -- given the vast reservoirs of deca-BDE in the environment and future production and use of the substance -- and affect future generations.  The rapporteurs’ recommendation for further research delays decision making, increasing the reservoir of deca-BDE in the environment and potential for future harm.  As the European Environmental Agency concluded after 14 studies of similar cases:

Avoid ‘paralysis by analysis’ by acting to reduce potential harm when there are reasonable grounds for concern.

The principal concerns with deca-BDE, many of which are supported by the Update of the Risk Assessment, and some of which are not recognised in the recommendations are:

· Deca-BDE is very persistent (vP).

· Deca-DBE is in the tissues of wildlife and people.
· Deca-DBE degrades (debrominates) into more hazardous congeners, including penta- and octa-BDE.
· Deca-BDE debrominates in the presence of UV light, some solvents, and in fish and other biota resulting in the formation of more toxic lower-brominated congeners which become available to the broader environment.
· Deca-DBE causes neurodevelopment damage in animal studies.

· Laboratory studies report neurodevelopmental effects in fetal mice from exposure to deca based on both amount and timing of dose.
· The levels found in the eggs of birds could have an effect on brain development as has already been shown in a mammalian species.
· Deca-BDE is present in the environment at levels higher than predicted. 
· Levels of deca-BDE in some species and in the environment are rising.
· An increase in levels could lead to impacts on human health and the environment in the future.
· Food is not the only significant non-occupational exposure pathway for humans.
· Deca-BDE can be interpreted as a persistent organic pollutant (POP) under the Stockholm Convention Screening Criteria.
The data clearly support the need for risk reduction measures.  Yet the conclusion the rapporteurs extrapolate from the data is the need for further research.  Further research that the risk assessment acknowledges is important but will not answer all questions:

In addition there are strong ethical considerations regarding a request for further vertebrate toxicity testing for this substance, since it already has a very extensive data set. It is therefore questionable whether all of this information should be requested given the practical difficulties involved in delivering it. This would leave some questions unanswered. 

We offer these comments and concerns to the Scientific Committee on Health and Environmental Risks in support of immediately revising the recommendations of the current risk assessment in favor of urgent risk reduction measures to prevent future harm, rather than delaying action with more research.  

Introduction

In May, 2004, the rapporteur from the United Kingdom released the  Final Environmental Draft of the Draft Update Risk Assessment of Deca-Bromodiphenyl Ether (Deca-BDE). It concluded that there is need for further information and/or testing with regard to the assessment of deca-BDE to be persistent, bioaccumulative and toxic but that there is no further need for risk reduction efforts beyond what already exists with regard to a range of environmental media.  In Feburary, 2005, the European Union released a new Human Health Draft of the Draft Update Risk Assessment of Deca-BDE completed by France which determined that there is no need for further information and/or testing or for risk reduction measures beyond those which are already in place with regard to consumer exposure, but that further data is required for exposure in workers and humans exposed via the environment.

Our primary concern with the Update of the Risk Assessment of Bis(Pentabromodiphenyl) Ether (Decabromodiphenyl Ether) is that it errs towards protecting the continued use of decabromodiphenyl ether (deca-BDE) rather than to protecting human health and the environment.  In every single case where the rapporteurs draw conclusions from the empirical data, in both the Final Environmental Draft of May 2004 and the Human Health Draft of February 2005, they opt to protect the use of deca-BDE.  Yet, the data presented in the risk assessments contain a number of significant findings, which when taken as a whole, present a different set of conclusions than those reached by the rapporteurs.  

When drawing conclusions from the data the rapporteurs have chosen to favour interpretations that avoid committing a Type I error (i.e., a false positive), rather than committing a Type II error (i.e., a false negative).  The result in the Update of the Risk Assessment of Deca-BDE is conclusions that recommend further research rather than risk reduction measures, even in cases where the weight of evidence favors risk reduction measures.  

The decision of the rapporteurs to recommend further research to ensure greater scientific certainty (i.e., to avoid false positives) does not protect the environment and human health.  This is particularly so in the face of future environmental harm that could possibly be of the scale of polychlorinated biphenyls (PCBs) and polybrominated biphenyls (PBBs) -- which are classes of banned chemicals akin to polybrominated diphenyl  ethers (PBDEs)
.  As Matthias Kaiser, professor for Philosophy of Science and Director of the National Committee for Research Ethics in Science and Technology in Norway writes: “when dealing with decision making about possible future harm, for example, about some environmental matter, the really crucial information may be what the chances are of overlooking a real effect.  In overlooking this statistical insight in standard significance tests, science makes a value assumption not adequate for preventive measures in the light of possible harm” (emphases added).

The recommendations of the rapporteurs are especially of concern in light of the history of empirical research on deca-BDE.  As detailed below, deca-BDE has consistently defied expectations and predictions of degradation, exposure, and toxicity.  Deca-BDE was not supposed to degrade in the environment.  It was not supposed to be widely dispersed in the environment.  It was not supposed to be taken up by wildlife or people.  It was not supposed to be toxic.  

The rapporteurs may be continuing past underestimations of potential harm posed by deca-BDE into the present, especially when they conclude that the amounts of the lower brominated diphenyl ethers “formed will be very small.”
  Should this conclusion be wrong (Type II error, or false negative), the implications for the environment and human health will last for many years to come -- given the vast reservoirs of deca-BDE in the environment and future production and use of the substance -- and affect future generations.  The rapporteurs’ recommendation for further research delays decision making, increasing the reservoir of deca-BDE in the environment and potential for future harm.  As the European Environmental Agency concluded after 14 studies of similar cases:

Avoid ‘paralysis by analysis’ by acting to reduce potential harm when there are reasonable grounds for concern.

The principal concerns with deca-BDE, many of which are supported by the Update of the Risk Assessment, and some of which are not recognised in the recommendations are detailed below.

Deca-BDE is Persistent

The conclusion of the final environmental draft is clear and requires no further comment: “decabromodiphenyl ether is considered to meet the very persistent (vP) criterion.”

Deca-DBE is in the Tissues of Wildlife and People

A consistent pattern of finding in the research on deca-BDE is that it defies expectations and predictions.  The presence of deca-BDE in humans and wildlife is one such example.  As the environmental draft notes, “In fact it was formerly considered unlikely to accumulate in wildlife tissues (due to evidence from aquatic and mammalian studies, its molecular size and low solubility in water and other solvents).”

Yet, as the environmental draft acknowledges, a growing body of evidence demonstrates that deca-BDE is being found in birds of prey and their eggs (including peregrine falcons, grey herons, Eurasian sparrow hawk, common terns, great crested grebes, barn owls, and red kites), harbor seals, harbor porpoises, and in human breast milk, blood and tissues.
 In a study of predatory birds, concentrations of deca-DBE increased by a factor of close to 10 between 1980 and 2002. 
, 
  Thus the original prediction that the deca-BDE molecule was too large to be absorbed into the body
 has proven incorrect.  And the presence of deca-BDE in birds of prey and humans indicates that deca-BDE may in fact be biomagnifying.

Additionally, deca-BDE “meets the screening criterion for consideration as very bioaccumulative (vB) based on its high log Kow value (>5).” 

While the environmental report acknowledges the possibility of biomagnification occurring with deca-BDE:

The widespread presence of anthropogenic substances in the tissues of wildlife species at the top of the food chain is undesirable, especially since the consequences of this exposure are unknown.  It might even be an indication that biomagnification is taking place, although this is not clear because the routes of exposure are not known.
 

The authors’ conclude that no “meaningful conclusions on biomagnification potential” can be made at this time
 and that the recommendation is to collect further data 

Yet the authors could have concluded that risk reduction measures should be instituted until it is clearly shown that deca-BDE does not bioaccumulate and does not result in breakdown products of concern.  

Deca-DBE Degrades into More Hazardous Congeners

Degradation is another example of deca-BDE defying predicted behavior.  Deca-BDE was “assumed to be hydrolytically stable in the environment.”
 Yet the data are proving otherwise.

Deca-BDE degrades into lower-brominated congeners in the presence of UV and natural light, and certain solvents and recent studies have also reported biotic degradation in carp and salmon.
, 
, 
  Among the degradation byproducts are penta- and octa-BDE, which are being banned in the EU, as well as polybrominated dibenzofurans.  While the environmental health report acknowledges the data on the degradation of deca-BDE, it concludes that “the actual significance of the process is likely to be limited owing to the lack of exposure to light of the bulk of decabromodiphenyl ether in the environment.” 
  

Given the weak track record of past predictions on the lack of problems associated with deca-BDE, one should be wary of such predictions.  And in this case, there are reasons for concern.  

Deca-BDE in sewage sludge applied to crop fields will become available to sunlight.  With evaporation the tiny particles of dried sludge and soil containing deca-BDE can become vehicles for long-range transport and deposition, making deca-BDE available to the environment (and to sunlight).  In addition, deca-BDE in sediments is exposed to sunlight under certain conditions.  And deca-BDE in polluted waterways will be exposed to solvents.  Finally, wipe samples on the outside of building windows in urban environments have already shown that high levels of deca-BDE are available for photodegradation. 

Furthermore, recent reports by Gerecke et al. indicate that like PCBs and PBBs (which are banned classes of chemicals), “BDE-209 is degradable under anaerobic conditions and that compounds with a higher bioconcentration potential are formed.”
 After 114 days, a quarter of the deca-BDE “added to sewage sludge under anaerobic conditions” debrominated to nona- and octa-BDE metabolites.
  This research undermines the assumption that deca-BDE is unlikely to biodegrade under anaerobic conditions.  

In the absence of any significant bans on the use of deca-BDE, production, consumption, and environmental release will grow beyond the current global level of 56,000 tonnes.  The combination of past, current, and future use will create an enormous reservoir of deca-BDE available for degradation over time.  In the face of high uncertainty in predicting future effects of this reservoir of deca-BDE, the updated risk assessment errs on the side of protecting continued deca-BDE use rather than human health and the environment.  The report authors’ preference is towards a false negative rather than a false positive. 

The Toxicity of Deca-BDE has been Strongly Suggested in Laboratory Studies
Until recently deca-BDE was not suspected of causing adverse health effects to animals or humans.  Yet as researchers have delved into the potential toxicological effects, in particular the Viberg study, they have found evidence of adverse effects.  Despite increasing evidence of harm, the updated risk assessment concludes:

The available aquatic toxicity data for decabromodiphenyl ether show no effects at the limit of water solubility of the substance. . .Evidence from mammals suggests that the substance has a low hazard potential in general, and it is not known to have any significant effects on mammals in terms of endocrine disruption or carcinogenicity, mutagenicity or reproductive impairment. Therefore it is considered that decabromodiphenyl ether does not meet the T criterion based on this information. . . it cannot be concluded that an actual risk to birds exists because of the large uncertainties in the data – both in terms of the extrapolation of the neurotoxic effect in mice to birds, and the robustness of the available toxicity data. . . It is, however, unlikely that the impact of this substance is catastrophic.

Once again, the rapporteur equivocates, but ultimately decides that even though further information is needed, the use of deca-BDE should continue until, apparently, the situation can be demonstrated to be “catastrophic.”  In the Viberg study, adverse neurodevelopmental effects were related to timing of exposure in addition to dose,
 and mice exposed to deca suffered brain damage which was not reversible. This finding is consistent with effects found from exposure to other POPs such as dioxin and PCBs. 

Moreover, the rapporteur relies exclusively on the quantitative formulae based on “estimated total human intake from environmental sources” and a single “no observable adverse effects level” (e.g. NOAEL) derived from one study of oral chronic toxicity in rats. In the rapporteur’s risk calculus, while only one study is adequate to determine a NOAEL which is then used to deny toxicity, it is not adequate to determine toxicity. A similar conclusion of no concern is made for reproductive effects based on the NOAEL from a “one generation study.”
  

Other evaluators of deca-BDE’s toxicity are less sanguine. Deca-DBE is characterised by the U.S. Environmental Protection as a “possible human carcinogen” based on laboratory studies which showed that there was a dose-dependent increase of liver tumors in both female and male rats, and acinar cell adenoma in male rats.
  The state of Washington in the U.S. finds that deca is toxic based on the National Academy of Science studies cited, as well as other rodent studies which showed liver, kidney and thyroid effects and fetal death.
  

Of particular interest to this discussion are the parallels between the established toxic effects of PCBs and the structure and behavior of PBDE congeners as they debrominate and metabolize in the environment and in wildlife. Other PBDE congeners have been found toxic; in many of those studies deca-BDE was not analysed at the same time so that the existence of toxic effects is impossible to determine. Again, it would be a grave mistake to conclude that the absence of data demonstrating deca-BDE’s toxicity is the same as an indication of deca’s lack of toxicity.  

The rapporteur raises questions about the Viberg study demonstrating the toxicity of deca in rats based on criticisms of the method of statistical analysis related to littermates vs. whole litters as the unit of statistical analysis. As the authors of the Maine state report on deca point out, 

the effects have been repeated multiple times with multiple PBDE congeners, and in two strains of mice, providing assurance that the results are unlikely to be spurious. In addition, the experimental paradigm has been repeated with congener BDE#99 using the litter as the statistical unit (Eriksson et al., 2004), and the results were identical to those from pervious experiments that used littermates as the unit. This lends confidence that the effects are real and reproducible.
, 

Comments from the California Office of Environmental Health Hazard Assessment --regarding the Voluntary Children’s Chemical Evaluation Program (VCCEP) Peer Consultation Meeting’s presentation by the American Chemistry Council -- also suggest that the VCCEP document on deca-DBE, which questions the Viberg study is:

overly dismissive of the findings of Per Eriksson’s group in Sweden . . . If this finding is true (and currently no other data are available to contradict the finding), then it represents the most sensitive toxicological endpoint for DecaBDE itself. 

This precaution is bolstered by another recent study by Bulayeva and Watson which also raises important questions for how deca-BDE is viewed, because of its similarity in structure to many organochlorines, and PCBs in particular. Several PCBs are known endocrine disruptors, as are dioxins. This study found cellular level responses to very low exposures of a variety of endocrine disruptors, noting that:

An important and surprising conclusion from our studies was that all tested estrogenic compounds, except bisphenol A, elicited rapid membrane-initiated actions at very low concentrations compared to their reported potencies in classical genomic pathways. . . Compounds from different classes of endocrine disruptors with dissimilar chemical structures . . . can produce the same time-dependent activation pattern for ERKs. . . These very low effective doses for xenoestrogens demonstrate that many environmental contamination levels previously thought to be subtoxic may very well exert significant signal-and endocrine-disruptive effects . . . The potent effects we see on nongenomic signaling mechanisms could explain why concentrations previously determined to be inactive via genomic mechanisms still have toxic and teratogenic effects on wildlife . . . Therefore, the threat levels of these compounds to wildlife, and probably humans, need to be reconsidered. 

It is unknown at this point whether deca-DBE is an endocrine disruptor in its own right, but it is known that penta- and octa-DBE have both shown to have endocrine effects, and thyroid effects from deca-BDE have been reported.
 While all new findings must be assessed conservatively, current data are suggestive enough to warrant an approach that protects human health and the environment rather than giving a green light to continue use until the findings are further validated.  A conclusion of no risk to consumers, especially children, given the significance of new data and continuing reports signaling concern over deca-BDE, as well as the large number of uncertainties in the risk analysis of deca seems especially rash.

Food is not the Only Significant Non-Occupational Exposure Pathway for Humans
In all cases, uptake from root crops is predicted to account for the vast majority ((90%) of the daily dose.

In assessing the risk to humans through environmental pathways, the rapporteur defines the risk of ingestion as a risk primarily from undefined “food root crops.”  As additional data becomes available, however, the questions about the sources of deca-BDE exposure increase rather than decrease. In a December 2004 study of 30 food types from three different supermarkets in one city in the U.S. (Dallas, TX) -- cited in the Health Draft of February 2005 – deca-BDE was the dominant congener found in soy instant formula, cheese, margarine, and calf liver, and the authors suggest that “BDE 209 [e.g., deca-BDE] may be a major contributor in some food supplies.” 
  The assumption about root crops upon which an important aspect of the risk assessment is predicated is further undermined by the rapporteur’s caveat that:

There is considerable uncertainty in the approach taken by the EUSES (and the Technical Guidance Document) . . . In reality, people do not consume 100% of their food products from the immediate vicinity of a point source. Therefore, the local assessment represents a situation which does not exist in reality. . . the total food basket is unrealistic.

This is also an example of what is considered a conservative estimate which is supposed to assure an extra margin of safety.  In reality, because people consume food from a variety of sources and vicinities, basing the risk only on food from the immediate vicinity of a point source is expected to overestimate the actual risk of foods from areas not close to identified point sources of deca. Point sources are facilities in which deca-BDE is used in the manufacture of other products, and disposal facilities. This is a very poor model because it does not account for the growing body of knowledge regarding the environmental distribution and fate of deca-BDE unrelated to specific production point sources. Existing real data showing that people are exposed to deca-BDE through a variety of foods other than “root crops” does not enter into the risk analysis; the model is unable to account for this information and so ignores it.

The environmental fate and transport of deca-BDE, originally believed to be essentially inert because of the large size of the molecule, has not occurred as predicted. The rapporteurs admit that the deca-BDE molecule has already demonstrated several times that it does not behave in the environment as expected to do, and as originally assumed by the manufacturers but this does not greatly affect their models [all emphases added]:

Such widespread exposure from a chemical used in textiles and polymers is surprising, especially since this could not be readily anticipated from the known fate and environmental behaviour of this substance. In fact it was formerly considered unlikely to accumulate in wildlife tissues (due to evidence from aquatic and mammalian studies, its molecular size and low solubility in water and other solvents.) 

In fact, deca-BDE attaches to soil and dust particles, and although food is a major intake route for PBDEs, it is also found in large concentrations in dust from offices and home, and in wipe samples on the outsides of office windows in urban environments. Like PCBs, deca-BDE collects in the sediments of lakes and rivers. High levels of deca-BDE are found in sewage sludge which is applied to food crops and may also become available as a route of exposure in humans and other organisms. Deca-BDE also forms polybrominated dibenzodioxins and furans as combustion products and in the process of disposal and/or recycling of deca-containing plastic.

Several studies and reports have now found high levels of deca-BDE in the dust of offices, homes, and other indoor areas, and now in the dryer lint of homes in the U.S.
, 
, 
,
 It is also known that deca-BDE adheres to soil particles as well, and is very persistent in sediments and sewage sludge. These findings are important for two reasons. First, they demonstrate that indoor exposure to deca-BDE may be as important a route of exposure for humans as exposures from food.  Second, they confirm that deca-BDE travels on particles in the air, which is a pathway for long-range deposition and additional routes of exposure for humans, animals, and plants which are eaten by terrestrial and aquatic animals.

The February 2005 Human Health Draft is particularly interesting regarding non-food routes of exposure to deca-BDE because of the complete reversal of the rapporteur on the conclusions on consumer exposure and human environmental exposure. In describing potential human exposure in the environment due to inhalation, the rapporteur cites:

a recent study demonstrat(ing) that abrasion of particles from polyurethane foam or textile backcoatings could be an important source of PBDE in dust samples, Knoth et al., 2003. [sic] Therefore, products in use are an emission source for indoor exposure and can explain in some extent the widespread presence of PDBE in the environment.
 [emphasis added]

This study is one of the reasons for changing the conclusion regarding human exposure from the environment to (i) from (ii) in the September draft. It is puzzling that while “products in use” are acknowledged as an emission source of importance enough to require further study and monitoring relative to the environment, the very same data are deemed inadequate for a similar conclusion with regard to consumer exposure.  The rapporteurs themselves observe that 

inhalation of dust particles containing DBDPE should be considered as a potential pathway of consumer exposure. Particles that lay on the ground or on furniture may also be a source of dermal and oral exposure for children. The results could be used for exposure assessment by taking commonly accepted dust uptake data. This could be considered in a further update.

Why the rapporteur is willing to accept these data as adequate for environmental but not consumer exposure is not adequately explained, nor is the willingness to allow children to continue to be exposed via this widespread consumer source. The further relevance of this concern is emphasised by the amount of deca-BDE currently in use, and what will certainly be a rise in consumer use of deca-BDE in both the E.U. and the U.S. if it is not withdrawn along with penta- and octa-BDE.  

The rapporteurs’ attention to deca-BDE exposure in children overall is inadequate, while  other vulnerable populations are essentially ignored altogether in the analysis of consumer and other exposures. The rapporteurs rely substantially on data from Hays et al, and on the National Academy of Sciences (NAS) reference dose to conclude that “using the available data, current levels of decabromodiphenyl ether in the U.S. are not likely to represent an adverse health risk for children.”
 They also allude to the U.S. EPA Voluntary Children's Chemical Evaluation Program (VCCEP) as a source of their data. What they fail to mention is that the Report of the Peer Consultation Meeting On Decabromodiphenyl Ether raises numerous issues about the usefulness of both the Hays and NAS data, questioning the appropriateness of using the NAS RfD for children.
  

Using a more conservative predicted exposure dose (“margin of safety”) as a method for calculating risk in children has long been recognised as an inappropriate and inaccurate approach to understanding exposure in children and other vulnerable populations; children are not just “little adults” and exposure in adults is not an appropriate model for exposure in children. In particular, given the rise in the use of deca-BDE and the increase in of levels of all PBDEs found in the environment (PBDEs in the breast milk of Swedish women doubled every five years between 1972 and 1997
), it is inconceivable that the rapporteur could draw an accurate or meaningful conclusion about current exposure in children based on 1988 data not even minimally representative of current conditions. A more thorough critical analysis of the Hays study from the Silent Spring Institute (USA) is appended to this document as Appendix A.

Exposure routes from the presence of deca-BDE in sewage sludge and aquatic sediments also merit greater depth of consideration than the Final Draft delivers. According to the Draft, neither sludge nor sediment requires further risk reductions. This conclusion is wholly without merit and is contradicted by significant literature. Concentrations of deca-BDE in Lake Superior have been measured at around an order of magnitude higher than the sum of other PBDE congeners measured, and the patterns of PBDEs in Lake Superior sediments are different than the congener patterns in fish and in the air.
  This strongly suggests that the deca-BDE molecule is transformed in the environment, as are other similar halogens. Originally it was also believed that deca-BDE in sediments would not be available to the water column, but, as with PCBs in the past, this has now been shown to occur in some cases.  As a result, the rapporteurs’ conclusion that there need be little concern for risk from these sources, including from landfills into which deca-containing articles find their way, is extremely premature and reflects an inadequate and incomplete analysis.

The interaction between deca-DBE and the Great Lakes serves as an illustration.
  Currently, deca-BDE is in a state of influx into the Great Lakes, but, as the history of PCBs and the Great Lakes has shown, it is plausible that deca-BDE will eventually reach equilibrium and then become, as PCBs have now become, a source of deca. Once a major sink for PCBs, Lake Michigan, for example, is now a net emitter of them. Whether or not deca-BDE will follow the same pattern is unknown, and the difficulties in testing this and other hypotheses, such as the true stability of deca-BDE in sediments and sludge, will inevitably mean that there will continue to be many uncertainties. It is known, however, that the bromine-carbon bond is not as strong as the chlorine-carbon bond, and the history and experience with PCBs in the environment, with their stronger chlorine-carbon bond, offers important clues which cannot be so easily dismissed. 

Deca-BDE: POP under the Stockholm Convention Screening Criteria

Under the Stockholm Convention the screening criteria for a POP (persistent organic pollutant) are persistence, bioaccumulation, potential for long-range environmental transport, and adverse effects. 
  Existing data presented by the rapporteurs and detailed above support including deca-BDE as a POP.  The table below, which presents side-by-side comparison of the Stockholm Convention Screening Criteria to the empirical data on deca-BDE, illustrates that a POP conclusion is justified.  The rapporteurs conclude that the data are not justified for listing deca-BDE as accumulating or as posing adverse effects.  Yet in the face of what the environmental health report considers equivocal data on bioconcentration and bioaccumulation, the default factor is the log Kow, which for deca-BDE is greater than 5.  On toxicity, the Viberg (2003) study, and other studies noted above, provides evidence of adverse effects.

	Comparison of Stockholm Convention Screening Criteria for POPs to Deca-BDE

	
	Persistence
	Bioaccumulation
	Long-Range Transport
	Adverse Effects

	Stockholm Convention Screening Criteria
	Half life in: water > 2 months; soil > 6 months, or sediment > 6 months
	Evidence of a bioconcentration factor or bioaccumulation factor > 5,000; or in the absence of such data, a log Kow > 5.
	Measured levels of the chemical in locations distant from the source of its release that are of potential concern
	Toxicity or ecotoxicity data that indicate the potential for damage to human health or to the environment

	Deca-BDE
	Half life > 8 months (32 weeks) in freshwater sediment (p.90).
	Log Kow > 6 (p.1).

Incomplete data on bioconcentration and bioaccumulation (p.91): evidence that deca-BDE does not bioconcentrate in fish, but it may bioconcentrate in other organisms, such as predatory birds.
	Detection of the substance in moss remote regions of Norway and birds in polar regions.
	Evidence of neurodevelopmental damage in mice (Viberg 2003).


Conclusion

The repeated equivocations make the rapporteur’s conclusions difficult to accept with any degree of confidence.  For example:

. . . exposure would appear to be widespread, many species are affected and the metabolite burden is unknown. The crucial point is that the actual significance of the measured levels for the species concerned is not known.  By extrapolation of mammalian toxicity data, the levels found in eggs could have toxicological consequences relating to brain development.  However, the study from which the data are derived is not fully valid . . . It therefore cannot be concluded that risk is present. However, it also cannot be concluded that the contamination of eggs is not a concern . . . In any case, any increase in levels could potentially lead to effects in the future even if there is no evidence of effects at the moment. . . The substance is persistent and the consequences of low level exposure over the life-time of long-lived organisms cannot be predicted with any certainty from the database.
 (emphases added)

It is useful to look carefully at this statement, which ultimately finds that continued use of deca is acceptable as long as monitoring continues. The key points are that 1) many species are affected; 2) their body burden is unknown; 3) the levels found in the eggs of birds could have an effect on brain development as has already been shown in a mammalian species; 4) an increase in levels could lead to impacts in the future; and 5) deca-BDE is known to be persistent and the consequences of low term exposure cannot be predicted.  We also know from the risk assessment that levels of deca-BDE in some species and in the environment are rising, and although the rapporteurs question whether or not some of this increase is due to improvements in detection technology, it nonetheless means that there is currently more deca-BDE in the environment than believed previously.

While the Update of the Risk Assessment documents the need for risk reduction measures, the rapporteurs conclude otherwise.  Instead, they argue for continued use of deca-BDE while biomonitoring and further testing continue, because “The presence of a synthetic substance in the tissues of top predators is clearly undesirable but does not by itself necessarily constitute risk.”
 

In the end, even using the most conservative estimates, the rapporteur reports that the data indicate that “emissions to the environment are lower than assumed in the original risk assessment.”  This would be good news, if demonstrable. Unfortunately we have no way of knowing the actual validity of this conclusion, because the rapporteur concludes with still one final caveat:

However, it should be noted that much of these new data are preliminary and their validity, in terms of the overall situation in Europe has not yet been fully assessed. Therefore, although there was clearly considerable uncertainty in the emission estimates in the original risk assessment report, there is still uncertainty in the updated assessment and this uncertainty could possibly lead to an underestimate of the ‘realistic worst case’ emissions for certain scenarios in some cases.
 (emphasis added)

The data clearly support the need for risk reduction measures.  Yet the conclusion the rapporteurs extrapolate from the data is the need for further research.  Further research that the risk assessment acknowledges is important but will not answer all questions:

In addition there are strong ethical considerations regarding a request for further vertebrate toxicity testing for this substance, since it already has a very extensive data set. It is therefore questionable whether all of this information should be requested given the practical difficulties involved in delivering it. This would leave some questions unanswered. 

We offer these comments and concerns to the Scientific Committee on Health and Environmental Risks in support of immediately revising the recommendations of the current risk assessment in favor of urgent risk reduction measures to prevent future harm, rather than delaying action with more research.  
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Letter to Editor, Journal of Children’s Health

Exposure Assessment for Decabromodiphenyl Ether (decaBDE) is Likely to Underestimate General U.S. Population Exposure

In a recent article, Hays et al. (2003) conclude that current levels of decabromodiphenyl ether (decaBDE) in the US are not likely to represent an adverse health risk for children.  This conclusion is unsupported because their analysis does not take into account the tremendous uncertainty in their estimate of the exposures in the general US population, given that this estimate is based on a single study of 12 people.  Hays et al. have very likely underestimated the highest levels of exposure in the US population. This is especially troubling because of their assertions that the upper estimate results in “significant overestimates of the actual exposure of the population” because of the selection of “extreme” input parameters.  

Hays et al. evaluated a range of potential exposure scenarios to estimate aggregate exposures of young children to decaBDE.  For most of these scenarios, relevant biological measures are not available; so simple exposure models were used to estimate intake rates.   However, for the scenario described as “general exposure,” which is intended to capture dietary and other uncharacterized exposure sources, they relied on data from a single study of decaBDE levels in serum samples collected from 12 US blood donors in Illinois in 1988 to estimate intakes.  For each exposure scenario, intakes were calculated to characterize the mid-range and the upper estimate of exposures.  As it turns out, the upper estimate for “general exposure” results in the highest exposure estimate, compared with the other pathways assessed.  Thus, the assumptions used for the general exposure pathway, especially the upper estimate of the serum levels in the general US population, determine the outcome of the overall assessment.  

It is unlikely that a sample of 12 blood donors in Illinois in 1988 is representative of the population of interest, which is the general population of children in the US today.  This sample was taken in 1988, and data on time- and age-related trends for other BDEs in Norway show that a) serum levels are increasing over time as use of these chemicals increases and b) children have higher blood levels than adults (Thomsen, Lundanes et al. 2002).  Thus, serum levels of decaBDE in children today may be higher than they were in adults in 1988.  In addition, the blood donors in the 1988 study were all from the Illinois area and may not be representative of the general US population.  

 However, even if this sample were representative, it is too small to reliably estimate levels of exposure as can be seen if we calculate an upper confidence limit for serum levels.   For lognormally distributed data the 
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 is a value derived from the non-central t distribution (Gibbons and Coleman 2001; Millard and Neerchal 2001).

If we assume that the blood donor data are lognormally distributed, we assume that natural logs of the data are normally distributed.  The median is estimated by Hays to be 0.96 ng/g lipid on the original scale, so taking logs and rounding we estimate the mean of the data on the log scale to be approximately 0 ng/g lipid.  The maximum of the sample is reported as 33.6 ng/g lipid on the original scale and on the log scale is 3.51 ng/g lipid.  We estimate the standard deviation to be approximately equal to 2.0, based on maximizing the probability density function for the maximum.

Thus, the 95% UCL for the 99th percentile = exp(0+2*3.747) = 1797 ng/g lipid.  This implies that 99% of the distribution of DecaBDE will lie below 1797 ng/g lipid with 95% confidence (Gibbons and Coleman 2001).  In other words, if we draw many samples, for 95% of them the 99th percentile will be below 1797 ng/g lipid.  Thus, in this case, the 95% UCL is 53 times the maximum concentration found in the sample, and results in an estimated intake that is, similarly, 53 times higher than the upper estimate of intake in the assessment.  While Hays et al. concluded that upper estimates of intake were five to ten times below a reference dose, when multiplied by the other parameters specified in the assessment the 95% UCL on the 99th percentile of the serum data gives an estimated intake of 20 mg/kg-day, which is five times higher than the reference dose (4 mg/kg-day) and does not provide assurance that the population is adequately protected.  

Another limitation of the Hays et al. assessment is the use of this reference dose of 4 mg/kg-day proposed by a National Academy of Sciences panel in 2000 without discussing recently published findings by Viberg et al. (2003) that demonstrate uptake of DecaBDE into brain tissue of neonatal mice and subsequent neurological effects at lower dose levels than in previously reported studies.   

The issues raised in this letter were discussed by the expert panel for the Voluntary Children’s Chemical Evaluation Program (VCCEP) peer consultation review for DecaBDE that took place in April 2003.  During this review process, the material included in the Hays et al. paper was discussed by a panel of experts and further data needs were identified.  The most significant data need identified for DecaBDE was measurements in human blood serum, with 9 of 13 panelists recommending further work in this area as a priority.   The full report of the expert panel can be accessed on line at http://www.tera.org/peer/VCCEP/DECA/VCCEP%20DBDPO.pdf (TERA 2003).  

Good biomonitoring data are critical to our understanding of chemical exposures and potential risks, and major policy decisions should not be based on such a limited empirical base.  In this case, the sample of 12 blood donors indicates that there is widespread exposure to decaBDE in the US population and that our best exposure models are not adequate to predict the magnitude or distribution of these exposures.  Fortunately, the US Centers for Disease Control’s national exposure monitoring program (Centers for Disease Control and Prevention 2003) will be adding DecaBDE to the list of chemicals to be measured in a population-based sample.  These new data will provide a greater level of certainty to risk assessments conducted on these and other chemicals.

Sincerely,

Ruthann Rudel

Voluntary Children’s Chemical Evaluation Program (VCCEP) ad hoc reviewer for DecaBDE

Silent Spring Institute

Newton, MA

Elizabeth Newton

Silent Spring Institute

Newton, MA
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� PBDEs are a class of chemicals that include deca-BDE.


� PBDEs are a class of chemicals that include deca-BDE.


� The Maine report, Brominated Flame Retardants – A Report to the Joint Standing Committee on Natural Resources, 122nd Maine Legislature, published by the Maine Bureau of Health and Department of Environmental Protection January 21, 2005, contains a particularly good review of the Viberg study, pp. 26-28.


� We are greatly indebted to Dr. An Li, of the University of Illinois at Chicago School of Public Health, Division of Environmental and Occupational Health and Safety, for her invaluable contributions to the following discussion, which is based on a conversation with her in December, 2004 and her help in understanding the fate and transport of deca in the environment, particularly in relation to the Great Lakes, and to sewage sludge and sediments.  The views expressed with regard to the rapporteurs’ conclusions are entirely our own and were not discussed with Dr. Li.
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