Personal observations of BFR2004 – Bev Thorpe, June 2004-06-30  (www.bfr2004.com)
There was strong lobby by BSEF to ensure that when researchers talked of PBDEs in the Q&A periods they were not necessarily including deca.  This point was raised many times by them even though many papers presented new findings on the ability of deca to debrominate down to more known hazardous compounds.  Deca is difficult to measure, as is bromo dioxins and furans.  There were two dust studies presented both implicating deca’s wide existence in dust.  (very high levels found in the lint of a dryer as well)  
There was no discussion about alternatives to BFRs at this conference.  Nor was there discussion about the need for regulations.   However there was much interest by policy folks to better understand the outcome of the EU risk assessment on deca and they were all very interested to learn that Sweden would be presented alternatives in October.   

Ake Bergman and Bo Jansson began the proceedings with an overview.  Bo Jansson is now concentrating on bridging the ‘gap’ between science and politics since he claims ‘researchers need to be better at making clear summaries for politicians’ .  He showed how the first BFR accident with PBBs occurred in 1974 and even in 1980 fish had significant levels of PBDEs but it took 25 years for the EU to ban penta and octa by August 2005.  

Ake Bergman concentrated on deca (BDE-209) and HBCD.  He pointed out that there are about 20 major commercial BFRs out of hundreds of BFR formulations and we are now producing 55,000 tonnes per year which exceeds the production of PCBs in 1970.  He gave an overview of other brominated compounds which are not being studied yet but are turning up in sewage sludge and elsewhere and showed that in some cases they are not even being picked up adequately by GCMS analysis!   So many data gaps exist.   Regarding deca (BDE-209) he listed the various studies beginning since 1987 – eg presence on the inside and outside of windows, ability to transport long distances, its presence in remote parts of the Baltic Sea in levels which surpass the levels of PCBs; its ability to transform in rainbow trout and in carp and its ability to be a neurotoxin in rat studies.  His conclusion is that deca is semi-persistent, highly labile (breaks down in UV); is bioavailable, undergoes metabolism, may contribute to bromo-dioxins, is a common background and ongoing contaminanti n humans and wildlife; is likely neurotoxic and probably carcinogenic.     This summary came before the new papers presented.
When reminded by the BSEF that the EU risk assessment had deemed deca ‘safe’ he replied that as scientists ‘we know different’  since it is persistent and bioaccumulative.   Re HBCD he pointed out it forms dibenzofurans; is found in increasing levels over time in sediments and guillemot eggs; it is a developmental neurotoxin and found in maternal and fetal blood in equal measures.  Overall it is persistent and bioaccumulative; it is overall stable but its isomers do act differently; found in intermediate levels in wildlife and low levels in humans, is a developmental neurotoxicant and is similar to PCBs and PBDEs.  

Kenneth Moss from the EPA (see below) was careful to point out that EPA is only ONE stakeholder in the EPA’s Voluntary Children’s Chemical Evaluation Program http://www.tera.org/peer/VCCEP/DECA/DecaWelcome.html
And the EPA will respond to the deca risk assessment in summer of 2004.

Magnus Bjork from Ikea was the only down-stream industry representative there.  They got out of BFRs a few years ago and use Persistence and Bioaccumulation as their guiding criteria for substitution.

He gave a nice summary of obstacles to alternatives:  

Conservatism


- don’t change my world/ I don’t want to go first

Misconception

- there are no safer products/nothing else will be cost 




effective/No profit in alternatives

Legislation


- usually mirrors yesterday’s situation and is never





Up to date with current information





Flammability test measures differ

Financial


- money tied up in old technology/products





And it costs to change

Technical


replacement may not work as expected/ may have





Side effects eg fabric loses strength with alternative FR

Many papers given on human health effects of BFRS.  Jake Ryan from Health Canada showed order of magnitude higher levels in Canadian population yet Canadian intake of food is similar to European BFR intake via food – so what is the reason for the higher level?  Also why are there such high spikes in some regional populations?  Many papers speculated dust inhalation (and in some case  occupational exposure (electronic dismantlers)  In summary still know little about exposure routes.

Ron Hites from School of Public and Environmental Affairs, Indiana University found maternal and fetal blood similar levels with highest levels found in neonates.  Surprised to find even PBBs which were banned before these women were even born but are still persistent in the environment and contaminating humans to this day.  North American levels of PBDEs doubling every 5 years and our levels are 10 – 20 times higher than European levels – this finding is consistent with the current market for penta (95% penta used in North America).  Other bromine compounds are showing up but standards to measure them are still scarce so may be overlooked.  

Arnold Schecter presented results of human blood and serum monitoring.  The temporal trends in the US is for PBDE increase in serum with a decrease of PCBs and dioxin.  He also measured levels of deca in new carpet and found high levels.
Kaj Thuressen did a follow-up to the first Swedish study on deca levels in electronic recycling plant workers and found that when the shredder was moved outside the levels of deca fell in workers’ blood even though production has doubled.  However even so their blood levels are still higher than the general population’s .  

Heather Stapleton from NIST did a dust analysis in homes and found penta (50%) and deca (40%)  dominant.  She speculates deca is debrominating down in the home.  Very high levels of deca found in lint from a dryer.  Source?  Were some clothes treated?  How did it get there?  From the dryer itself?   Not known.

Levels of PBDEs are highest in fish (deca common in carp) and many sediment studies presented.

Robert Hale presented info on the Toxic Release Inventory reporting on BFRs.  Only 2 BFRs are included in the 667 chemicals listed -  deca (4536 kg used and 11,340 kg manufactured and TBBPA.  However small users not listed so this is an underestimate.  Textile mills and carpet manufacturing discharge most PBDE to POTW and sewage plants.  Which is why sludge is so contaminated.  Sludge currently generated at 6 million MT per year and 60% is applied to land as biosolid soil conditioner.   NO regulations on BFR content in sludge!  Deca associated with particles in sludge and found in 90% of all sediments.
PBDE levels in surface water of USA is increasing.  The dissolved phase (BDE-47) most dominant but deca may be high in suspended particulates.  Trend is that PBDEs are matching or even exceeding PCB levels; indoor air is 10 times higher contamination.

Deca is undergoing debromination in waste water treatment plants.  Sludge profile shows deca makes up 60% with potential debromination products such as octa – BDEs detected in biota.   Other studies show deca does degrade under anaerobic conditions at a rate of 1% per month.  
Kim Hooper presented the final powerpoint of the conference which summarized all the new data on deca.  He laid it on the line to BSEF when he reminded them that we have NO date on carcinogenicity.  He asked why the bromine industry had not used some of their millions of dollars profit to do cancer studies?   The bromine industry responded that they had indeed spent many resources in doing sufficient studies.   Note:  many speakers pointed to the lack of cancer studies as a major data gap.  Some new cancer studies from the US will be appearing.  

Many papers on human health pointed out that interfering factors such as other compounds may be more important in future risk assessment on specific congeners.  New evidence on BFRs as endocrine disruptors was presented and noted that studies showing irregular female reproductive development and hearing impairment with the thyroid implicated – all major BFRs are implicated; not just the PBDEs.   It was noted that 5% of US women have PBDE body burdens higher than 300 ng/g lipid tissue concentration in these women are at or near tissue concentration in rodents that developmental problems.  Add to this the additional risk of PCBs and other bromo-like compounds – what is really happening?  

Increased levels of poly brominated dioxins and furans are correlated with the various BFRs used in Japan and the presenters mentioned a paper by Choi et al which showed that brominated dioxins measured in segment of Japanese population could be ten times higher than chlorinated dioxins and furans .
ABSTRACTS OF SOME OF THE BFR2004 PAPERS – SHORTENED SUMMARIES ONLY

NOTE:  IF YOU WANT A COPY OF ALL THE ABSTRACTS PLEASE LET ME KNOW.   THIS IS A SELECTED SUMMARY ONLY with the main points in BOLD throughout the text.   See the page 31 for the list of all papers given.
Bev Thorpe    June, 2004
BFR Regulatory Update

Kenneth Moss, USEPA

Office of Pollution Prevention and Toxics

(note:  the EPA stressed that they are only one stakeholder in the VCCEP initiative which is to simply look at the amount of information available to assess the extent of data gaps)

US EPA addresses flame retardants primarily through activities under the Toxic

Substances Control Act (TSCA). Work has focused on the brominated flame retardants

polybrominated diphenylethers (PBDEs), several congeners of which have been detected

in humans, fish, and elsewhere in the aquatic environment as part of environmental

monitoring programs in Europe, Asia, North America, and the Arctic. The Agency is

addressing PBDE information needs with a three-pronged approach which includes:

• efforts to better understand the environmental properties, exposure pathways, and

how these chemicals are getting into human tissue,

• research and detailed testing to determine health and environmental effects, and

• evaluation of potential substitutes, which includes the analysis of risk-risk tradeoffs

related to fire prevention and toxicity.

TSCA

EPA is working with chemical manufacturers to facilitate an orderly transition into safer

substitutes. In November, 2003, Great Lakes Chemical Corp., the only U.S. manufacturer

of pentaBDE and octaBDE, announced a voluntary phase out of both those chemicals by

the end of 2004. To follow up on this voluntary action, EPA is currently developing a

rule to require notification to EPA prior to manufacture or import of Penta- or OctaBDE

for any use after January 1, 2005. EPA is also developing a rule to complement a

national flammability standard for residential upholstered furniture under consideration

by the Consumer Product Safety Commission (CPSC). This second rule would require

notification to, and review by, EPA of 16 flame retardant chemicals or categories of

chemicals (including decaBDE and HBCD) identified by CPSC and industry as likely to

be used to flame retard fabrics on furniture in order to comply with such a standard.

TSCA contains an “unreasonable risk” regulatory standard, which is the basis for control

of new FRs introduced into commerce through the Agency’s New Chemicals Program

and certain brominated flame retardants being subject to testing for quantity of

Dioxin/Furan contamination under the Agency's 1987 TSCA Section 4 Dioxin/Furan Test

Rule (40 CFR 766). Since 1979, approximately 150 Premanufacture Notices (PMNs)

submitted for new flame retardant chemicals have been reviewed by US EPA.
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EPA’s Office of Pollution Prevention and Toxics, which oversees TSCA regulatory

programs, has also had success in efforts to get industry to respond voluntarily to filling

information gaps on certain BFRs. Penta-, octa-, and decaBDEs are three of 23

chemicals that have been sponsored by industry in EPA’s Voluntary Children’s Chemical

Evaluation Program (VCCEP). The goal of VCCEP is to enable the public to better

understand the potential health risk to children associated with certain chemical

exposures. EPA has asked companies which manufacture and/or import 23 chemicals

that have been found in human tissues and the environment in various monitoring

programs to volunteer to sponsor their evaluation in Tier 1 of a pilot of the VCCEP.

Sponsorship requires the companies to collect or develop health effects and exposure

information on their chemical(s) and then to integrate that information in a risk

assessment and a “data needs” assessment. The assessments developed by the sponsors

will be evaluated by a group of scientific experts using a peer consultation process.

Experts have experience in toxicity testing, exposure evaluation, and risk assessment.

The VCCEP Peer Consultations on PBDEs occurred in 2003 on April 2-3 (decaBDE) and

June 3-5 (octa- and pentaBDE), in Cincinnati. The decaBDE meeting report was released September 30, 2003 and the report on Penta and Octa January 22, 2004. EPA will independently review the meeting reports and sponsors’ assessments with an anticipated release of its reviews by late Spring 2004. EPA will consider the results of the Peer Consultations and use them to determine whether additional information is needed to fully characterize PBDE risks to children.

USEPA is also working with the California Bureau of Home Furnishings and Thermal

Insulation to coordinate its activities with the upcoming revisions to California Technical

Bulletin (TB) 117. TB 117 is a flammability standard for all residential, upholstered

furniture sold in California. EPA’s plans to promulgate, if the timing of these activities

can be properly coordinated, a TSCA Significant New Use Rule (SNUR). The SNUR,

which will also support a similar flammability standard for residential upholstered

furniture proposed by the US Consumer Product Safety Commission (CPSC), would

provide USEPA the opportunity to review FR chemicals prior to their manufacture,

import, or processing for use in this application.

EPA Research and Other Activities

EPA’s ORD

Directly or through grant mechanisms, EPA research managed by the Office of Research

and Development is aimed at determining PBDE levels in kids, house dust, food, and

breast milk; developmental and reproductive toxicity of the chemicals, and the

environmental fate of the PBDEs upon their release or after disposal and incineration of

electronic equipment.
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Design for the Environment (DfE)

The furniture manufacturing industry and EPA’s Design for the Environment (DfE)

Program have initiated a partnership to explore a variety of approaches to achieve

environmentally sound fire protection. Approaches may include:

Green Chemistry Solutions: Environmentally conscious design of chemical

products and processes

o Identify and evaluate existing flame retardant chemicals for furniture foam

and fabric

o Issue Green Chemistry Challenge to encourage environmentallypreferable

flame retardants

Green Engineering Solutions: Sustainable Design of Products and Processes

o Identify and evaluate barrier technologies

o Identify and evaluate alternative formulation of foams

o Issue Design Challenge to address environmental impact of entire supply

chain

These approaches focus on both the materials and the chemicals used in furniture

including: foam, fabric, barrier and filling materials and their respective flame retardant

chemicals. The partnership aims to look at the performance of furniture holistically -

including cost, functionality and environmental, human health and fire safety attributes.

Exploring these approaches will engage a variety of stakeholders, including furniture

manufacturers, foam manufacturers, product safety groups, industrial designers, chemical

companies, and environmental groups. This process may result in clear solutions, or may

demonstrate the need for incremental improvements and additional research.

Integrated Risk Information System (IRIS)

EPA is conducting an IRIS reassessment of PBDEs to be completed by the end of 2004.

Regional Activities

Region 9 (San Francisco) – work with the DfE partnership on FR alternatives; 2002/2003

workshops on BFRs in foam and electronics.

Region 1 (Boston) – Established working relationship with National Association of State

Fire Marshals, issued joint statement on flame retardants

Regions 4 (Atlanta) & 5 (Chicago) – Research initiatives, including monitoring in Great

Lakes, potential for leaching of PBDEs from discarded electronics.
Jake Ryan, Health Canada.  Human Uptake of BFRs
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A large amount of effort has been invested in order to both measure and define human
exposure to the deca congener of PBDEs, i.e. deca 209. This activity is related to the high

production and use of this BFR and the possibility of breakdown into known lower

brominated congeners. PBDE 209 is relatively difficult to measure and its ubiquity in the

environment including the laboratory makes measurement in human milk unreliable. If it

is consistently present in human milk, the concentrations are probably low, i.e. less 1 ppb.

The other class of compounds that may impact on PBDE exposure are the polybrominated

dibenzodioxins and furans (PBDDs/PBDFs). These materials are even more difficult to

measure than any of the PBDEs or the related PCDDs/PCDFs. What few studies that have been conducted indicate the presence of low and variable parts per trillion (10–12) levels of 2,3,7,8-brominated congeners in human lipid of the general population.

Conclusions

PBDEs occur in human milk samples in all industrialized countries with levels in the ppb

range. Concentrations in all countries have increased markedly in the last few decades. Values in North America are about an order of magnitude higher than Europe or Asia. The source and factors giving rise to these body burdens are still relatively unknown.
Polybrominated Diphenyl Ether Concentrations in People

Ronald A. Hites

School of Public and Environmental Affairs, Indiana University, Bloomington, IN

47405, HitesR@Indiana.edu

Polybrominated diphenyl ethers (PBDEs) save lives by serving as flame retardants in a

wide variety of commercial and household products. For example, polyurethane foam,

which is widely used in upholstered furniture, is flammable unless it is treated with suitable flame retardants such as PBDEs. In fact, some polyurethane foam is treated with 10- 30% by weight of PBDEs to make this material safe for home use.1 Because many states and the federal government now have regulations requiring most household products, such as mattresses and electronics, to be flame resistant,2 PBDEs have become an important commercial substance. Not surprisingly, the use of PBDEs has increased over the years, and annual sales are now exceed 70,000 metric tons.
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Figure 1. Total PBDE concentrations (SPBDE) in human blood. milk, and tissue (in
ng/g lipid) shown as a function of the year in which the samples were taken. The three
symbol types indicate the location from which the samples were collected. The overall
regression is shown.




Given that some PBDEs are used in plastics that end up in consumer electronics, one

would expect that workers involved in assembling or disassembling these products would

have an excess load of some PBDEs in their blood. In this case, the data are much less

complete than for the ambient samples; thus, using these data to compare PBDE levels between exposed people and controls must be done on a congener-specific basis. For occupational samples, only BDE-47 and 153 have sufficient data to make this comparison.

In these cases, the PBDE concentrations in the blood of the exposed workers were about twice that in the blood of the controls, and this difference is statistically significant.7 These data certainly suggest that some people can accumulate higher than ambient levels of PBDEs through their work.

Deca-BDE: Old Myths, New Realities (full text)
(note:  Kim Hooper updated his powerpoint on the last day to take into account some of the new evidence which may not be mentioned here)

Kim Hooper, Arthur Holden, Jianwen She, Hazardous Materials Laboratory, Department

of Toxics Substances Control, California EPA, 700 Heinz Avenue, Suite 100, Berkeley,

CA 94710* (USA), khooper@dtsc.ca.gov

Introduction

Production of the commercial flame retardant mixture, deca-BDE, has doubled over the

last decade to 125 M lbs/yr, making it the largest PBDE (75%) and second largest BFR

(30%) in the world and the major (70%) PBDE produced in North America1. It is used as

an additive at high levels (15% by weight)2 in high-impact polystyrene plastics found in a

variety of consumer products, including small appliances (hair dryers, toasters, curling

irons, coffee makers, TVs); computer towers, printers, and fax machines; and lighting

fixtures and smoke detectors. Deca is also added to backing in textiles for draperies,

furniture, and rugs, and to some polyurethane foams. Because of this use in consumer

products, deca is likely a major indoor and urban contaminant. Its presence at significant

levels in house dust3,4, office air5, and the film coating the insides of windows6 supports

this assertion.

Based upon production figures for the last decade, nearly a billion lbs of deca have been

added to consumer products in our homes, offices, and transport vehicles. An additional

large quantity of deca has already been dispersed into the environment.

Although deca has long been known to be photolytically labile, undergoing

debromination to lower BDEs7, 8, it has been characterized as an environmentally stable

and inert product9. According to this paradigm, deca is not degraded in the environment,

not dispersed (locked in to products or sediment forever), not taken up by biota, not

metabolized, not toxic and, therefore, not a problem. However, data from recent studies

provide a different picture, of a deca that is photo-labile, mobile, and toxic. These studies

indicate that deca breaks down in the environment 10, is dispersed to remote locations11,12,

is bioavailable13,14 in wildlife15,16,17 and humans18,19,20,21,22,23,, breaks down in wildlife to

banned PBDEs24, and causes neurodevelopmental toxicity14.

Deca is additionally cause for concern because of exposures that would harm the fetus.

The placenta is no barrier to the lower brominated PBDEs (PBDE 47, 99, 100, 153)25,26 ,

For these chemicals and, likely, the similar breakdown products from deca, the maternal

“body burden”= fetal “body burden “

Discussion

Myth #1: Deca is Non-Dispersive. Deca is widely dispersed in the indoor and outdoor

environment. Indoors, high levels of deca were found in house dust in Germany (mean=1

ppm; max 19 ppm; deca comprised 77% of PBDEs)3 and the US (1-30 ppm; 5-50% of

PBDEs)4. In films on windows, deca comprised 50% of PBDEs, with inside
film>outside (1.5-20X), and indoor air >outdoor air (10X)6. Outdoors, deca was found

attached to particles in air/rain collected on a remote island in the Baltic, comprising 75%

of PBDEs11; in sediment cores collected from a completely isolated, Canadian lake12; and

in sludge from Switzerland (1100 ng/g dw, 5X in 10 yrs)27 and the US (1470 ng/g

dw)28. Thus, deca is dispersed.

Myth #2: Deca is Immortal (not broken down in the environment). Three studies show

deca or other PBDEs with fully brominated rings are extremely photolabile in sunlight,

one shows hepta-hexa BDEs break down to tetra-penta BDEs, and two studies show

PBDEs 47, 99, 100 are stable.

a. In a fourteen-day indoor sunlight photolysis study by Hermann, et al.,29 deca in

toluene solutions in glass jars on indoor window ledges was extremely photolabile,

breaking down rapidly (70% in 2 days). In contrast, PBDE 47 was photolytically stable

in glass jars in indoor sunlight for the 14 days, and the hepta-hexa and lower brominated

BDEs had only minor changes.

b. In a four-day outdoor sunlight photolysis study of deca placed on sand or sediment

by Soderstrom, et al., 10 deca was extremely photolabile, debrominating rapidly (70% in

3 days), with BDE-183 and nona- and octa-BDEs as major products. Only minor

amounts of lower PBDEs were reported, although these may have been lost to analysis

over the 4-day study period via volatilization in the hot afternoon sun.

c. In a two-minute, two-hour outdoor sunlight photolysis study by Peterman, et al.30, 39

mono-hepta BDEs (plus hepta 183) were put in a synthetic fat (triolein) closed system.

The four PBDEs with fully brominated rings (“pseudo-decas”) were extremely

photolabile (60-70% in 2 minutes), the other hepta- and hexa-BDEs were very

photolabile (70% in 2 hrs), while the lower PBDEs (47, 99, 100) were photolytically

stable over the 2-hour period. The latter three increased in mass (15-30%), indicating

they were debromination products from the hepta and hexa BDEs.

Myth #3: Deca is Not Bioavailable. Deca is bioavailable. It is taken up by rats (10%;

20% absorbed from gut)13, mice (5-10 permillage into brain)14, is now being found in

wildlife, including peregrine falcon eggs (mean=100-130 ppb; R=20-430 ppb; 15X

controls)17, and fish (bream, pike)15. Deca is found in humans in the blood of rubber

workers (mean=30 ppb; high of 300 ppb; 15-30X controls)18, electronic recyclers (5

ppb=BDE 47)20, and computer technicians (1.6 ppb = 5X controls)19. Deca is found in

breast milk in 3 recent studies: Lunder et al., found deca in 80% of samples (mean=0.2

ppb; high=1.2 ppb; N=20) 21; She et al., found deca in 55% of samples (mean=0.2 ppb;

high=1.5 ppb; N=18)23; and Schecter et al., found deca in 20% of samples (mean=1 ppb;

high=8 ppb; N=23)22. Clearly, deca is bioavailable. The lower brominated breakdown

products of deca are more bioavailable than deca, and bioaccumulate to a greater degree.
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Myth #4: Deca is Not Metabolized. In lab studies, deca is metabolized to lower

brominated PBDEs by carp (7 penta – octa BDEs including BDE 154 = 0.4% of deca)31,

trout (13 hexa – nona BDEs, including BDE 154) 32, and rat (octa-nona HO-BDEs)13.

Octa and nona HO – and CH3O – BDEs are reported in carp from the Detroit River,

which suggest debromination of deca16.

Myth #5: Deca is Not Toxic. Irreversible motor and behavioral effects that worsen

with age are caused when male neonatal mice are exposed during the period of rapid

brain growth (post-natal day 10) to one of the banned PBDEs (BDE 47, 99, and 100)33,34

or PCBs (ortho 28, 52, 153; coplanar 77, 126, 169) 35. The same effects are produced by

deca when administered on post-natal day 3, not day 10. However, radiolabelling studies

administered [U-14C]-deca on day 3 at the same molar effective doses as the lower

PBDEs. Radiolabelled deca or metabolites are taken up into the brain through PND-1014.

Conclusion

1. Three studies10,29,30 find deca or “pseudo-deca” (PBDEs with fully brominated rings)

are extremely photolabile in indoor or outdoor sunlight10,29. Two studies show PBDEs

47, 99, 100 are extremely stable under the same conditions29,30. Thus, the environmental

conversion of deca and higher brominated PBDEs to PBDE 47, 99, and 100 is quite

plausible.

2. Results from the study of window films by Butt et al.,6 suggest that deca in the

outside film is debrominating to lower PBDEs which, in turn, are volatilized from the

film by sunlight. This “cracking/distillation” by sunlight preferentially removes lower

brominated PBDEs from exterior surfaces, leaving the remaining deca to wash off with

rain into storm drains and finally into sediment. Urban centers are prime real estate for

deca degradation, with large expanses of glass and with building exteriors 10-100X the

land surface area.

2. An interesting study would be to put deca in sunlight for 14 days using a Petermanstyle

closed system30 that would retain any lower brominated products.

3. Any additional neurodevelopmental study of deca should administer the deca as

“aged in outdoor sunlight” using the Peterman protocol30.

4. Deca is a cause for concern. Because it is present as an additive at high levels in a

great variety of consumer products, an enormous (0.5 billion lb) reservoir of deca is

available to the indoor environment, in which humans spend >80% of their time. Deca

binds to particles, and is likely present at significant levels in dust and window films in

homes, offices, bars, restaurants, public buildings, halls, meeting places, and

transportation vehicles (cars, buses, subways, trains, and planes). Deca is much more

photolabile than the lower brominated PBDEs found in the “penta” and “octa”

commercial mixtures, and quickly degrades in sunlight to lower brominated forms which

fin sunlight into some of these lower brominated congeners, deca is present in the

environment “disguised” as these congeners. Where analyzed, deca has been found to be

a world-wide contaminant in the environment, wildlife, and humans. Deca, or its

metabolite(s), is toxic, causing neurodevelopmental damage in mice.

*The opinions given by the authors are not necessarily those of the DTSC or Cal-EPA. Mention of any

products or organization does not constitute an endorsement by DTSC or Cal-EPA.
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Introduction

Polybrominated diphenyl ethers (PBDEs) and tetrabromobisphenol A (TBBPA) are

used in large quantities as brominated flame-retardants (BFRs) to reduce the risk of fire

in a wide range of manufactured products such as computers, furniture , textiles and

automobiles. In Japan, the annual consumption of DecaBDE and TBBPA in 2002 were

2,200 and 31,000 tons, respectively. As a result, there is growing evidence that the large

amount of PBDEs in the environment is due to release during the manufacturing of

these chemicals or of consumer products containing them1, 2. In addition, there is

sufficient evidence that the incineration of consumer products containing such flame

retardant chemicals results in the formation of polybrominated dibenzo-p- dioxins/

furans (PBDD/DFs) and monobromo-polychlorinated dibenzo-p-dioxins/furans

(PXDD/DFs)3,4. These chemicals, as well as the BFRs, have been found to occur

throughout the environment, and intake of these contaminants from food, air and water

is suspected to be the primary route of human exposure. However, little is known about

environmental contamination of the above brominated compounds in Japan5,6 .

In this paper, we describe time-trend analysis of the levels of these brominated

compounds in Japanese sea bass and grey mullet in long-term stock-fish samples from

1986 to 2000. These fish were sampled from Osaka Bay and the mouth of the Yamato

River which flows into Osaka Bay. Then, we investigated the levels of the se

compounds in sediment collected from the coastal area of the Setouchi Sea, in western

Japan. Finally, on the basis of pyrolysis and photolysis experiments, using five BFRs as

precursors of PBDDs/DFs, we tried to classify all the sediment samples analyzed into

two groups : PBDD- or PBDF-predominated sediment.

Materials and Methods

Samples

Japanese sea bass and grey mullet were

collected from Osaka Bay and the mouth

of theYamato River, respectively (shown

in Figure 1). After dissecting the edible

filet tissue from the fish and

freeze -drying, the samples were archived

at –80 °C. The surface sediment samples

were collected in 2003 from seventeen points (see Fig. 1) around the coastal area of the

Setouchi Sea.

Results

The demand and usage of PBDEs in Japan has increased; 6,000 tons in 1986,

increasing to 12,000 tons by 1990. In 1991 there was a voluntary restriction on the use

of pentaBDEs and octaBDEs, causing the trend to reverse and resulting in an increase

in the relative proportion of the deca isomer being used. In 2002 the demand for

DecaBDE was only 2200 tons.

Then, the contribution ratio of the PBDE isomers to the total concentration in Japanese

seabass (1989 vs. 1999) was compared. In the 1989 sample , the isomer ratios were :

2,2’,4, 4’-TeBDE (51.8%), 2,4,4’/2’,3,4-TriBDE (10.8%), 2,3’,4’,6-TeBDE (7.8%),

2,3’,4,4’-TeBDE (6.9%) and 2,2’,4,4’,5-PeBDE(6.1%), whereas the order in the 1999

samples were 2,2’,4,4’-TeBDE (34.9%), 2,2’,3,4,4’,5,6’-HpBDE(15.9%),

2,2’,4,4’,5,6’ -HxBDE(10.5%), 2,4,4’/2’,3,4-TriBDE (5.6%) and 2,2’,4,4’,6,6’-HxBDE

(5.2%). It was clear that the isomer ratios of Hx- or HpBDE congeners (decomposition

products of DeBDE) were increas ing with time. The above observation reflects the

restricted usage of pentaBDEs and octaBDEs products as BFRs since 1991 in Japan.

Similar phenomena were also recognized in comparative studies of grey mullet

sampled in 1987 and 1999 (data not shown). On the other hand, it was observed that the

accumulation levels of TBBPA in Japanese sea-bass were relatively low and unrelated

to the increase in its demand.

As shown in Figure 3, levels of

lower-BDEs (Tri- to HpBDEs),

DeBDE and TBBPA in the

sediments collected were

surveyed. The levels of

lower-BDEs and DeBDE in the

seventeen sediment samples were

0.16 - 26.0 ng/g and 1.3 - 710

ng/g d.w., respectively. In contrast,

those of TBBPA was 0.08 –5.0

ng/g d.w. High levels of DeBDE were observed in the samples from Sakai, Nankou,

Hokkou and Rokkou, which were collected from an area containing many chemical

factories, and the proportion of DeBDE in the total concentration was over 90% in

most samples. With respect to the level of TBBPA, high pollution levels were

similarily detected in the samples from Nankou, Hokkou and Tokuyama. However, the

total concentrations of TBBPA were comparatively low, showing a reverse trend from the annual demand for DeBDE and TBBPA in Japan.
…..Next, to clarify the different types of contamination, the congener pattern of

PBDDs/DFs formed by pyrolysis of BFRs was investigated. Interestingly, it was

observed that PBDD congeners were exclusively formed from TBBPA and TBP,

whereas PBDF congeners were formed from HBB and DeBDE. Therefore, we believe

the differences in the two types of sediments may be attributed to the differences in the

BFRs used in the manufacturing, plastic or other chemical factories in the area

surrounding each sampling point.
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Introduction

Decabromodiphenyl ether (DBDPE), the most highly brominated of the polybrominated diphenyl ethers (PBDPEs), is the most widely used brominated flame retardant in the United States. It is used predominantly in hard plastic electronic consumer products and in flame-retarded backing on textiles for furniture. Several U.S.1,2 and international organizations3,4 have formally evaluated the human health and environmental risks associated with the use of the major BFRs for consumer applications and for DBDPE specifically. These risk assessments have found DBDPE to be safe in its’ current use. Most recently, DBDPE underwent an evaluation under the Voluntary Children’s Chemical Evaluation Program (VCCEP) and was found to pose negligible health risks for children5 and is currently undergoing a formal risk assessment within the European Union.

Most of these risk assessments have had to rely on extrapolations to estimate exposures among the general population5. Most uncertain has been the indirect methods that have had to be used to estimate infants’ exposures via potential presence in breast milk. However, newly published data on levels of DBDPE in human milk volunteers in the U.S. provide a better means for calculating

infants’ exposures. This new data is used to put the previously conducted DBDPE VCCEP risk

assessment in perspective and to help assess whether a different conclusion about risks is

warranted, what new data gaps and data needs warrant further attention, and some conclusions

about risks and benefits of DBDPE and how these new findings change the balance between

risks and benefits of the use of DBDPE to protect consumer products.

In the VCCEP risk assessment, children’s potential exposures to DBDPE from all sources

(including electronics, upholstery, breast milk, and the general environment) were characterized

using data from published literature, agency reports, and information from manufacturers. An

extensive literature search had indicated that few data existed on the concentrations of DBDPE in

environmental media and food in the U.S., and because the concentrations are typically very low

or below the detection limit. However, biomonitoring data (e.g., serum levels) for DBDPE in

humans are available, and provide an alternative way to calculate intakes, which often may have

lower levels of uncertainty than calculations using limited measured data. As a result, this analysis

largely relies on biomonitoring data to assess exposures, and thus risks, for children exposed to

DBDPE in the U.S.
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Materials and Methods

The child-specific risk assessment followed the VCCEP guidance for a Tier I assessment, and all

applicable USEPA guidance. Conservative assumptions were made for all input parameters, and

both a reasonable estimate (RE) and an upper estimate (UE) were calculated for each pathway.

Based on the manufacture and uses of consumer products containing DBDPE, intakes from six

exposure pathways were quantified:

Child (0–2 years) ingesting breast milk from a mother who is occupationally exposed to DBDPE

in two different job categories:

1. A mother who manufactures DBDPE (bagging operation)

2. A mother who disassembles electronics

Additional pathways for children’s exposure:

1. Child (0–2 years) mouthing DBDPE-containing plastic electronic products

2. Child (0–2 years) inhaling DBDPE particulates released from plastic electronic products

3. Child (0–2 years) mouthing DBDPE-containing fabric

4. Child (all ages) exposed to DBDPE via the general environment (e.g., soil and dust, diet,

ambient air, and water).

The first two pathways involve intake via breast milk. At the time the VCCEP risk assessment

was conducted, there were no published values for DBDPE in breast milk; therefore, exposures

via this pathway were estimated indirectly. For the first exposure pathway, a workplace air

concentration was estimated (1 to 5 mg/m³), an air-to-serum ratio was calculated, and then a

serum-to-breast milk partitioning factor was selected (0.1 to 0.5, based on data from lower

brominated diphenyl ethers). For the second exposure pathway, serum levels of DBDPE in

Swedish disassembly workers were selected from published studies (4.8 to 9.9 ng/g lipid)6 and combined with the aforementioned serum-to-breast milk partitioning factor to estimate breast milk concentrations.

The intake calculations for the third pathway were based on the assumption that DBDPE may

leach from plastic and be available for an infant to ingest through mouthing, although leaching experiments found undetectable levels of DBDPE when an acrylonitrile butadiene-styrene (ABS) pellet with DBDPE was placed in water or acetic acid7. Intakes were derived using the reported detection limit in water (0.075 mg/L) and the amount leached in cottonseed oil at 135°F for 7 days (1 mg/L)7. For the fourth pathway, intakes were based on air concentrations of DBDPE (0.052 to 0.087 ng/m³) measured in an office with computers in Sweden.8 Intakes for the fifth pathway were drawn from the NAS study, which assumed that a child (0–2 years) mouthed fabric backcoated with DBDPE for 1 hour each day1. For the sixth pathway, serum levels of DBDPE in U.S. blood donors (<0.96 to 33.6 ng/g lipid)9 were used to back-calculate exposures, assuming a one-compartment model, a half-life of 3 to 6.8 days, and an oral absorption of 1% to 2%.

Results

As presented in Table 1, there is a difference of up to an order of magnitude between the RE and UE exposures for the two infant scenarios, and a difference of two orders of magnitude between the RE and UE exposures for the general environment scenario. The highest estimated exposure (UE for the infant, manufacturer scenario) is 0.76 mg/kg-day, and the lowest estimated exposure (RE for the older child’s general exposures) is 0.0012 mg/kg-day.

.

Discussion

The calculations presented here indicate that the potential exposures for each scenario evaluated are quite small. It must be stressed that the RE, as well as the UE, represents exposures that are greater than that actually experienced by the majority, if not all, of the U.S. population. Additional data would lower the uncertainties and overestimates in the calculations of intake. Moreover, even when using these highly conservative values, the risk calculations show that all HQs are well below 1, indicating that there is little concern for potential health risk among children associated with DBDPE in the environment, in consumer product applications, or even from secondary occupational exposures, and suggests that more refined evaluations under the VCCEP are not likely to be needed.

Recently reported data on DBDPE in breast milk provides a means of checking the conservatism used in estimating exposures in this assessment. Schecter et al.11 reported a mean of 0.92 ng/g lipid and a maximum of 8.24 ng/g lipid of DBDPE in breast milk from volunteers in the U.S. In contrast, the maximum estimated breast milk concentration calculated in this VCCEP exposure assessment was 70,000 ng/ g lipid5. Thus, it is almost certain that the estimated levels of exposure in this VCCEP assessment are vast over-predictions of actual exposures experienced by infants in the U.S. Since the exposures estimated in this VCCEP assessment are below the RfD and are almost certainly over-estimates of exposures, a large margin of safety is indicated for this compound.

No published or government agency evaluations have shown a human health risk associated with DBDPE. Because multiple national and international studie s have concluded that there are no health risks associated with the use of DBDPE, and because the results of this study show no apparent risks to infants and children, DBDPE should be considered a safe product, and its use provides a clear benefit to the consumer. The life saving benefits provided by DBDPE is well recognized. Estimates suggest that the BFRs are responsible for avoiding 280 deaths in the U.S. annually, at a minimum, and numerous more injuries12. Since the BFRs, and DBDPE specifically, provide a real and valuable benefit to society, a careful and serious comparison of the risks and benefits of these compounds should always be evaluated when making risk management decisions.
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Introduction

Historical exposure trends to persistent organic pollutants (POPs) indicate that the

primary route of exposure in humans is traditionally dietary intake, contributing to a

steady-state body burden of these lipophilic chemicals, which are also transported to

offspring during nursing. Concentrations found in humans often mimic what is found in

the consumer product or environment and typically display a lag in the time trend,

representing time for transport of the chemicals from the source of release to the source

of exposure. Recently, the increase of polybrominated diphenyl ethers (PBDEs) in

humans has raised particular concern due to their association with endocrine disruption,

reproductive toxicity, and developmental neurotoxicity in rodent studies1. PBDEs have

been used commercially for several decades in the US; however the primary route of

exposure is presently unclear, but is assumed to be through dietary intake. In this study,

blood levels of several POPs, including PBDEs, PCBs, and PCDD/Fs, are compared and

a preliminary analysis of PBDEs in US food is presented. These data can be compared to

previously published human blood and breast milk PBDE levels; this comparison

provides additional information which correlates human exposure and resultant PBDE

body burdens in the US.

Materials and Methods

Sample Collection: Milk (N=52, 2003) and blood samples (1973 and 2003) were

obtained from medical facilities in Texas (serum N=100, one pooled analysis per time

period) or Mississippi (N=29, individual analyses)2. Food samples of animal origin were

purchased from three different supermarket chains in Dallas, Texas and presumed to be

representative of the foods eaten by the people from which the milk and blood samples

were collected.

Results

U.S. blood serum (1973 and 2003) of several POPs collected over time are compared in

Figure 1. Results indicate that PCB (TEQ) levels have declined in the past three decades

as demonstrated by pooled serum concentrations of 64.7 ppt lipid in 1973 and 9.3 in

2003. PCDD/F (TEQ) levels have also declined rapidly; in 1973, the pooled

concentration was 85 ppt lipid and was 15.8 in 2003. In contrast, PBDEs have increased dramatically: these chemicals were not detected in samples from 1973 (
Currently, it is assumed that dietary exposure is the primary route through which humans

are exposed to PBDEs. In this market basket survey, food samples of animal origin were

analyzed for the presence and concentration of the same PBDEs that were analyzed in

blood and milk. Results and congener profiles are shown in Figures 2-4 on a wet weight

(ww) basis. Collectively, fish have the highest levels of PBDEs (median = 1,725 ppt)

while also displaying a large variation in total PBDE concentrations (8.5 to 3,078 ppt).

Salmon and catfish have the highest levels where as tilapia have the lowest, this is true

even if concentrations are expressed on a lipid basis. 

Meat products had a median PBDE

concentration of 283 ppt. The variation in these samples was also large: bacon had the

lowest levels (ND) while pork sausage (1373 ppt) was the highest on a wet weight basis.

Figure 5 shows PBDE levels in dairy products (median value = 31.5 ppt). When the

samples are collectively analyzed, congener profiles are dominated by BDE 47, followed

by BDE 99. It is interesting to note that in several samples, BDE 209 was the dominant

congener or was a significant contributor to the sum PBDE concentration. Further

analysis can be used to estimate dietary intake from a U.S. based market survey.

Table 1 shows PBDE estimated intake of nursing infants in Germany and the USA. These

calculations indicated that nursing infants are exposed to 355 ng/kg/day total PBDEs in

the US; where as German infants are only exposed to 11 ng/kg/day5.

Discussion

In agreement with reported trends for POPs, the results of this study indicate that

concentrations of PBDEs in milk and blood samples from the US are much higher in

2003 than compared to thirty years ago whereas concentrations of dioxins, dibenzofurans and PCBs are declining. Levels in Sweden have already peaked which is most likely due to the voluntary ban on PBDEs several years prior to the observed peak6. To date, there have not been any studies reporting levels of PBDEs in food consumed by the U.S. general population. Here we report that PBDEs are found in almost all foods of animal origin; and some have very high levels of these chemicals. These results indicate

that dietary intake is mostly likely a primary route of exposure. Furthermore,

concentrations of PBDEs in food are much higher in the US than other parts of the

world7.

Dietary intake for nursing infants was also calculated. Because of the predicted toxicity,

it is important to understand the levels of exposure to developing offspring. It is clear that

humans are exposed to PBDEs through a variety of sources, one of which is dietary

intake, and that nursing mothers’ milk contains relatively high levels of these lipophilic

chemicals. The higher levels consumed by U.S. nursing infants than by German infants are striking. These results should not come as a surprise considering that the available literature all suggest that exposure levels in the US are several orders of magnitude higher than Europeans2,6,7. PBDE contamination of food probably contributes significantly to the steady state body burdens currently detected in humans, which ultimately leads to placental transport, as well as lactational exposure, to developing infants.
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Introduction

Work related exposure to brominated flame retardants (BFRs), such as polybrominated

biphenyls (PBBs), tetrabromobisphenol A (TBBPA) and in particular polybrominated

diphenyl ethers (PBDEs) have previously been reported in different types of work

settings1-3. In 1999 a Swedish survey was published, stating that workers dismantling

discarded electronics at an electronics recycling plant were exposed to PBDEs4. These

results were based on analysis of serum samples drawn from the workers in 1997. The

exposure to BFRs was also described by air measurements at the plant5. In response to

these findings, industrial hygiene measures to reduce exposure were taken by the

company. In 2000, three years after the first serum sampling, new samples were taken

from the workers to evaluate how the exposure to BFRs had changed. The result of this

follow-up study is presented herein.

Description of factory and work routines: Discarded electronics goods were delivered for

recycling to the factory and stored in the facility until further processing. Trucks were

used for transport of goods within the facility, which has an open lay out. The discarded

electronics were dismantled by hand at different workstations, using air pressure driven

tools. Then, the dismantled electronics were separated and hazardous components were

removed. All plastics, such as computer cabinets, was further separated, using nearinfrared technology, into bromine containing and non bromine containing plastics. All plastic fractions were separately ground to pieces, for volume reduction. The plastic

material was packed and transported to other industries, either recycling the plastics, or for incineration.

In 1997, the shredder, which was placed inside the factory, was detected as the main

contaminating source of PBDEs in the factory5. Hence, when major industrial hygiene

improvements were made in the factory, in 1999, the shredder was placed outside, away

from the personnel. The ventilation system was also upgraded. A specific process ventilation, forcing the airflow from ceiling to floor, now hinders dust and particles to

become airborne. The cleaning routines of the work benches and work stations were also

considered. The volume of dismantled and recycled electronics at the factory has

approximately doubled between the years of 1997 and 2000, and the company has

employed additional workers. The relative amount of bromine containing plastics being

dismantled was still the same as in 1997.

Results and Discussion

Serum levels of PBDEs in 2000 are presented in Table 1. The results are presented for

Lab A and B separately. Because of differences in laboratory routines and apparatus, one

would expect differences in quantified serum levels. Differences in LOQ-levels at the two

laboratories also give rise to variations, as for BDE-209. Moreover, employment time

differs between the groups. The work related exposure is most prominent to the PBDEcongeners

with high bromine content (BDE-183 and BDE-209). Dietary exposure must be

taken in consideration when comparing PBDEs with lower grade of bromination, as for

BDE-477.

The change of exposure to PBDEs within the factory, between 1997 and 2000, is

illustrated in Figure 1. The median serum concentrations have declined for all five

investigated congeners. For the two PBDEs with higher bromine content, the decline is

more than half (67 and 76% for BDE-183 and 209, respectively), in spite of a redoubling

of the production of the factory….
This study shows that the work related exposure to PBDEs, and especially PBDEs with

high bromine content such as BDE-183 and BDE-209, can be reduced by standard

industrial hygiene measures. By reducing the amount of airborne particles and dust within

the work facilities, either by ventilation, structural process planning or cleaning

procedures, the exposure levels will decrease and consequently also the body burden.

Although the implemented measures considerably reduced exposure, it should be noted

that the workers dismantling electronics still have elevated serum levels of PBDEs

compared to the background population4
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Introduction

Current monitoring of polybrominated diphenyl ethers (PBDEs) has suggested that

concentrations are increasing in the environment very rapidly with doubling times as

short as three to five years 1-2. North America consumes a large percentage of the global

world market demand for PBDEs, and as a result, concentrations of PBDEs in human

milk and serum are an order of magnitude higher in women from North America relative

to Europe3-5. A large range in the PBDE levels from human placental and cord serum in

women from North America was observed in a recent study 4, suggesting that some

people were being exposed to PBDEs more frequently than others. In an attempt to

identify the source of the high PBDE levels, the authors looked for correlations between

PBDEs levels and occupational exposure, age, or body mass index, but could find no

positive influence. One source that may be responsible for these observations is

household exposure. These compounds are liberally applied to many common household

items such as furniture, mattresses, computers and TVs to retard or hinder the outbreak

of fire. Over time, it may be possible for these flame retardants to leach out into the

home environment where they may be inhaled or ingested and result in elevated levels in

human serum.

Very few studies have examined PBDE levels within the home and only one study has

measured the concentrations of two PBDE congeners in household dust6. The present

study was undertaken to examine and measure the levels of a suite BDE congeners in

household dust from a variety of homes and assess the contribution of the three

commercial PBDE mixtures (penta-, octa- and decaBDE) to the household dust

composition. Correlations with properties of the households such as age, square footage,

carpeting coverage and number of electronic appliances in the house were also examined

for any positive correlations. In addition, three household dust standard reference

materials from the National Institute of Standards and Technology (NIST) were measured

for PBDE levels and reference values will be made available for these materials.

Materials and Methods

Sixteen household dust samples were collected using a small handheld vacuum (Euro-Pro

model, 900 Watts) equipped with a hose, filter basket and HEPA filter. A standard coffee

filter was inserted in between the filter basket and HEPA filter to collect fine particle dust

from each household. Under these conditions, dust was collected that passed through a 1

mm mesh in the basket. In between sample collections the vacuum was thoroughly

cleaned with hot water and a methanol rinse and new filters were used for each sample. In

each house dust was collected in the main family room areas by vacuuming the rugs or

hardwood floors until sufficient mass (0.1-0.5 g) was collected on the filter

(approximately 5-15 min.). After vacuuming, the dust was scraped off the filter into precleaned

glass jars using methanol rinsed spatulas and taken back to NIST for extraction

and quantification. …….

Results and Discussion

Preliminary data on 14 BDE congeners measured in the 16 household dust samples found

total BDE concentrations ranging from 310 ng/g dry mass to 30, 140 ng/g dry mass (Table

1). The contribution of pentaBDE (percentage of BDE 47, 99 and 100 to the total

concentration) ranged from 7 to 80% of the total BDE burden among the households

while the contribution of the decaBDE product (percentage of BDE 209 to the total

50 concentration) ranged from 4 to 90% among the household dust samples. The sum total of pentaBDE and decaBDE congeners contributed more than 82% of the total PBDE burdens in all household dust samples. Concentrations of BDE 209 alone in the household dust samples ranged from 83 ng/g dry mass to 8,750 ng/g dry mass. These concentrations are in the median to high range of concentrations typically observed in contaminated sediment and sewage sludge7-8 and suggest that household environments may play a significant role in human exposure to these flame retardants.

Concentration of Polybrominated Diphenyl Ethers (PBDEs) in House

Hold Dust – Inhalation a Potential Route of Human Exposure.

Note: this is replicated in full here (BT)
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Lapeza1, Jean-François Focant1, Richard Y. Wang1, Yalin Zhang1, Larry L. Needham1,
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Introduction

Polybrominated diphenyl ethers (PBDEs) are congeners of a class of environmental

contaminants that have been present in the environment for decades. PBDEs were first

identified in the River Viskan in Sweden 1 and has since then been recognized as an

environmental contaminant with a global distribution as shown by the detection of this

compound class in aquatic and terrestrial environments in Europe 2 and North America. 3

Human PBDE levels have been shown to be increasing in Sweden 4, Norway 5 and in the

United States. 6 This indicates a wide spread human exposure to this class of chemicals.

Technical pentaBDE and octaBDE have been withdrawn from the market in Europe 7 and

the single producer of these products in the United States has agreed to phase-out

manufacturing of these products by the end of 2004. No restrictions for commercial

DecaBDE are planned in the United States.

However, PBDEs will still be present in cons umer products sold prior to the phase out of

pentaBDE and octaBDE for decades to come. Hence it is of utmost importance to

identify the exposure routes to humans especially in the Unites States where much higher

levels of PBDEs have been observed in people. An average level of 34 ng/g lipid has

been observed in human serum pools collected in 2002 6 and values in the range of 2.9-

272 ng lipid (average 41ng/g lipid) have been observed in human milk. 8 This can be

contrasted to levels observed in Swedish milk pools (2.3 ng/g lipid) collected in 1997. 4

Human exposure to persistent chemicals like polychlorinated biphenyls has traditionally

been considered to be mainly through food consumption and other direct exposure routes

such as inhalation and/or dermal exposure are only of quantitatively more importance in

the case of occupational exposures. However, this may or may not be true for PBDEs

which are still being used in the modern indoor environment. This is further supported by

the relatively low concentrations recently reported in foodstuffs sampled in the United

States. Our approach was to use the contents of vacuum cleaner bags as an indication of indoor PBDE contamination. The results from this study have to be followed up by air sampling and biomonitoring studies to answer if PBDE exposure through inhalation of dust and/or dermal contact could be a major exposure route in the United States.

Materials and Methods

Vacuum cleaner bags were collected in Germany (N=10) and in Atlanta, United States

(N=10). The bags from the 20 different households were opened and the content

transferred to a household sieve with a hole size of ~2mm. The sample was sieved by

shaking and particulate matter was collected on aluminum foil. After a sufficiently large

sample of particulate matter had been collected on the foil, the sample was transferred to

a Ziploc® bag and stored at room temperature until analysis. Between each sample the

sieve was cleaned and the aluminum foil replaced.

The samples (0.2g) were extracted by transferring the sample to an accelerated solvent

extraction® (ASE) cell (11mL) filled with Hydromatrix (Varian Inc; Palo Alto, CA). The

samples were extracted using ASE (Dionex; Sunnyvale, CA) employing hexane as the

solvent using the following settings: Temperature, 100oC, purge volume 60%, nitrogen

purge time 60 seconds, pressure 1500psi, no preheat time and static extraction time 5

minutes and three repeated extraction cycles. The cell and inert content had been cleaned

prior to adding the dust sample by extracting the cell using the same parameters as for the

sample extraction. Blank samples (N=3) comprised of only Hydromatrix were also

included among the unknowns.

Three samples from the United States and three samples from Germany were extracted a

second time in order to verify complete extraction.

The collection vial used at the extractor were weighed before and after extraction in order

to calculate exact amount of solvent collected, i.e., approximately 30mL. Concentrated

sulfuric acid (5mL) was added to the dust samples and the samples subsequently rocked

for 5 minutes. A small aliquot was drawn from each sample (100µL) and added to GCvials

containing 13C-labeled triBDE to decaBDE internal surrogate standards

(750pg/congener). The samples were evaporated to 10µL and analyzed by gas

chromatography high-resolution mass spectrometry (GC/HR-MS) on a MAT95

(ThermoFinnigan MAT, Bremen, Germany). The level of PBDEs in the samples was

calculated as ng/g dust taking into account the dilution step.

Results

The sum PBDE concentration in dust samples collected in Germany, mainly Northern

Germany, ranged from 17-550 ng/g dust (median 74) while a concentration range of 530-

29,000 ng/g dust (median 4,200) was found in the samples collected in the United States.

2,2’,4,4’-TetraBDE (BDE-47) and decaBDE (BDE-209) were the most abundant PBDE

congeners recovered. The pentaBDE pattern observed in the dust samples was similar to

that found in the technical products, i.e. 2,2’,4,4’,5-pentaBDE (BDE-99) is similar in

concentration to that of BDE-47 (Table 1 and Figure 1). The observed difference in

concentration between Germany and the United States was statistically significant (UTest).
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2.234,4' 5 6-heptaBDE; BDE-209, decaBDE.

E-pentaBDE;
exaBDE; BDE-183,





levels below the quantification limit defined as 3 times the standard deviation of blank

samples or at levels below the instrumental detection limit.

Discussion

Significantly higher levels of PBDEs were observed in the dust collected in the United

States as compared to Germany, cf. Table 1 and Figure 1. This illustrates that exposure to

dust is a potential exposure route of PBDEs for humans. The higher importance of direct

exposures has been shown in the past in isolated occupational settings, i.e., recycling of

electronic goods. 10 This occupational study, however, addressed exposure to congeners

with a high degree of bromination such as heptaBDE through decaBDE. The main

exposure route of the lower brominated species such as BDE-47 and BDE-99 has to date

been assumed to be the food, as has been shown to be the case for Swedish and Latvian

fishermen consuming large quantities of fish caught in the Baltic Sea. 11

Considering the intake of an adult of between 10 to 100 mg of dust (dust contains e.g.

4000 ng/g PBDEs) we may expect an intake via dust of up to 400 ng per day per person.

This intake may add to the intake via food of between 50 and 100 ng per day per person

as reported by various authors. 12,13

We can not conclude what exposure routes are more important to humans in the United States and Germany, but we can conclude that in indoor dust the levels of PBDEs are much higher in the United States than in Germany (Table 1 and Figure 1). In light of these finding and the fact that higher levels are reported in people living in the United States  that this potentially important route of exposure has to be studied in-depth in the future.
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Figure 1. Concentration of polybrominated diphenyl ethers in dust samples
from Germany and the United States. Error bars indicates quartile range.
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Selected papers dealing with DECA and its debromination :  
ENVIRONMENTAL DEBROMINATION OF DECABROMINATED

DIPHENYL ETHER

M. J. La Guardia, R. C. Hale, and E. Harvey

Virginia Institute of Marine Science

The College of William & Mary, Gloucester Point, Virginia, USA

Introduction

Increasing concentrations of polybrominated diphenyl ethers (PBDEs) in the environment

have been recognized as a human and ecological health concern. Nonetheless

identification of the major routes of release of PBDEs into the environment is incomplete.

To date, the majority of PBDEs detected in biota are congeners containing 6 or less

bromines. However, the major commercial product in use is the Deca-formulation,

containing >97% decabromodiphenyl ether (BDE209), by weight 1. Some have explained

this paradox by invoking a debromination argument. However, such a degradation route

has not been confirmed under realistic environment conditions. Alternatively, PBDE

distribution in aquatic biota may be related to differential bioavailability favoring the

lower brominated PBDEs. PBDEs have previously been reported to accumulate in

wastewater treatment plant (WWTP) sludge2. However, an un-retained portion of the

PBDE burden has been previously reported entering the environment from the WWTP 3

effluent. Using EPA’s Toxic Release Inventory (TRI), a plastics-related facility was

identified which, releases significant amounts of Deca- to a WWTP. In an effort to

explore the question of potential environmental debromination of Deca- we examined the

distribution of tetra- through decaBDE congeners in WWTP influent and effluent, as well

as surface waters, sediment and fish from the nearby receiving stream.

A greater than 90% reduction in PBDE concentrations was noted between influents and

effluents (data not included). BDE47 and -99 were both detected in the effluent at 8 ng/L

(Table 1.). Additional hexa- and nona-BDE congeners were also present. BDE209 was

observed at 12,100 ng/L, in the final effluent. Near the outfall, the effluent-dominated

receiving stream exhibited similar PBDE concentrations. In addition, BDE203 and -196

were detected at 3 and 2 ng/L, respectively. Sediment collected near the outfall contained

BDE154, -153, -47, and -99, ranging from 137 to 1070 ng/kg (dry wt. basis), respectively

(Table 1.). BDE209 was also detected in the sediment at 79, 900 ng/kg (dry wt.), along

with three nona-BDEs (BDE208, -207 and -206) totaling 13,600-ng/kg (dry wt.). The

three nona-BDEs contributed approximately 15% of the assumed total Deca-technical

mixture detected in the sediment (Deca-mixture, >97% BDE209 and <3% nona-BDEs 1).

This exceeds the expected nona- contribution for Deca- by 12%, which may be explained by preferential partitioning of BDE209 out of the waste-stream during the treatment process or debromination of BDE209….

Our findings indicate that PBDEs, including BDE209, released to waste

streams, have the potential to enter the aquatic environment through WWTP effluent.

These results also suggest that BDE209 released from the WWTP is to some extent

bioavailable and may undergo metabolic debromination.

Formation of Lower Brominated Congeners by Anaerobic

Degradation of Decabromodiphenyl Ether in Sewage Sludge

Andreas C. Gerecke†, Peter Schmid†, Norbert V. Heeb†, Markus Zennegg†,

Paul C. Hartmann‡, Hans-Peter E. Kohler‡ and Martin Kohler†

†Laboratory of Organic Chemistry, Swiss Federal Laboratories for Materials Testing

and Research (EMPA), Überlandstrasse 129, CH-8600 Dübendorf, Switzerland

(andreas.gerecke@empa.ch)

‡Swiss Federal Institute for Environmental Science and Technology (EAWAG),

Überlandstrasse 133, CH-8600 Dübendorf, Switzerland

Introduction

Decabromodiphenyl ether (decaBDE-209a) is widely used as a flame retardant in

products such as electronic equipment and upholstery furniture (annual global market

demand: 56,100 tons in 20011). Its environmental safety has been discussed

controversially during the last several years. For example, a European Union risk

assessment on decaBDE-209 recently concluded that there is a need for further

information in the area of secondary poisoning, including studies on the degradation of

decaBDE-209 into more toxic and bioaccumulative compounds (e.g. debromination to

lower brominated congeners).

Debromination and dehalogenation in general has been described for a variety of

halogenated compounds in anaerobic systems2,3 and anaerobic debromination was also

proposed for decaBDE-2094. To our knowledge, degradation of decaBDE-209 in anaerobic

systems has not yet been reported,

In this paper, the transformation of decaBDE-209 into nona- and octabromodiphenyl

ethers was studied in incubation experiments with sewage sludge as inoculum and

appropriate controls over a period of 114 days. Alpha-hexachlorocyclohexane (α-HCH)

was included to verify microbial degradation of halogenated compounds in our

experimental setup. The results obtained enable an experimental test of the hypothesis

that decaBDE-209 is degradable under anaerobic conditions.

Conclusions

Deca BDE-209 undergoes debromination to nona- and octabromodiphenyl ethers under

anaerobic (i.e. methanogenic) conditions in sewage sludge. However, the degradation

rate (<3 × 10-3 d-1) was more than a factor of hundred smaller as the one observed for α-

HCH (4 × 10-1 d-1). After 114 days, greater than 75% of decaBDE-209 remained.

As degradation rates are expected to vary greatly between individual anaerobic systems

(sludge, sediment, soils), a rate constant that would be valid for other systems cannot be

deduced. However, our results provide clear evidence that decaBDE-209 is not

completely persistent in the anaerobic environment and that formation of lower

brominated congeners has to be considered in future risk assessments.

Species-specific accumulation and biotransformation of polybrominated

diphenyl ethers and hexabromocyclododecane in two Dutch food chains

Pim LeonardsA, Dick VethaakB, Sicco BrandsmaA, Christiaan KwadijkA, Djordje MicicA,

Johan JolB, Peter SchoutB, Jacob de BoerA

ANetherlands Institute for Fisheries Research, P.O. Box 68, 1970 AB IJmuiden, The

Netherlands (email: pim.leonards@wur.nl)

BNational Institute for Coastal and Marine Management, Kortenaerkade 1, 2518 AX Den

Haag, The Netherlands

Introduction

The European project FIRE is a multi- and interdisciplinary project that focus on the

improvement of risk assessment of brominated flame retardants (BFRs) for human health

and wildlife. BFRs, such as the high production volume chemicals polybrominated

diphenyl ethers (PBDEs), tetrabromobisphenol-A (TBBPA) and hexabromocyclododecane

(HBCD) have been identified as potential endocrine disrupters. One of the main aims of

the FIRE project is to identify and characterize the presence of the major BFRs (PBDEs,

TBBPA and HBCD) in abiotic and biotic samples from the EU environment, and to

determine the food chain transfer of BFRs from water, sediment to invertebrates to

predators (fish) and fish-eating top-predators (tern, harbour seals, and polar bear). This

paper focuses on the transfer of PBDEs and HBCD in two food chains (common tern and

harbour seal) from the Dutch marine environment.

The BDE209 levels of the positive samples varied from 1.9 to 17 ng/g

lw, and are in general at the low site compared to the other PBDEs. It is remarkable that this compound has been found in biota, because of the large molecular size of the compound, which makes it difficult to pass cell membranes, and the low water solubility of the compound. On the other hand, recently BDE209 have been found in terrestrial birds6,7. A number of possible explanations can be given for the presence of BDE209 in fish:

i) Sediment particles present in the intestine of the fish contribute to ‘whole’ fish

levels, as BDE209 was the dominant congener in sediment

ii) BDE209 is bound to the outside skin of the fish

iii) BDE209 is stored into a target organ(s) (e.g. liver)

If we assume that 5% of the body weight in fish are sediment particles, we can explain

only <9% to a maximum of 50% of the BDE209 levels found in fish by the levels found in sediment. This indicates that the sediment theory can be rejected. Until now BDE209 has not been found in muscle tissue above the limit of detection. Analysing organs and skin will test the other two hypotheses.

Deca less likely in non-terrestrial birds – but is found in terrestrial birds; time trends are difficult to analyze.:
Screening and Time Trend Study of Decabromodiphenylether and

Hexabromocyclododecane in Birds

Jacob de Boer*, Heather A. Leslie*, Pim E.G. Leonards*, Philippe Bersuder**, Steve

Morris**, Colin R. Allchin**

* Netherlands Institute for Fisheries Research, Animal Sciences Group, Wageningen

University and Research Centre, P.O. Box 68, 1970 AB IJmuiden, The Netherlands

(email: jacob.deboer@wur.nl)

**Centre for Environment, Fisheries, and Aquaculture Sciences (CEFAS), Burnham-on-

Crouch, England

Introduction

With regard to the occurrence of decabromodiphenylether (decaBDE) in peregrine falcon

eggs1, and the possible implications of that observation for the EU risk assessment of

decaBDE (EC Regulation No. 1488/94), it was considered necessary to study the

occurrence of decaBDE in various bird species, as well as the time trends of decaBDE

concentrations in selected species. The UK Environment Agency and the Bromine

Science and Environmental Forum (BSEF) agreed to organise such a study. Analyses of

the three HBCD diastereomers in selected samples were carried out in addition.

Materials and Methods

The Centre for Ecology and Hydrology (CEH), Monks Wood, Huntingdon, UK provided

a representative cross section of bird samples from the UK feeding at a high trophic level

with either a terrestrial or aquatic based food source. These samples were sent to the

Netherlands Institute for Fisheries Research (RIVO) and to the Centre for Environment,

Fisheries, and Aquaculture Sciences (CEFAS) for analysis. Ten peregrine falcon eggs

from the Swedish study1 were obtained for re-analysis, as well as ten peregrine egg

samples from Sweden that had not been analysed yet. Cormorant samples from the

Netherlands obtained through Bureau Waardenburg (Culemborg, The Netherlands) were

added. Liver, muscle tissue and eggs were analysed. In total 124 samples from 13

different species were analysed. Based on the results of the screening study 48 peregrine

falcon eggs (1973-2002) and 55 sparrow hawk muscle tissue samples (1975-2001) were

selected for the time trend study. To ensure the comparability of the two laboratories

involved, six samples were sent to both laboratories for analysis.

Results and discussion

The results of the screening study are given in Table 1. The decaBDE concentrations in

Swedish peregrine egg samples reanalysed in this study were all within 30% of the

concentrations originally determined in the same eggs by Lindberg et al.1. It has been

demonstrated that the peregrine falcons from the UK as well as a number of other bird

species contained decaBDE. It should, however, be stressed that a substantial number of

birds did not contain decaBDE. In addition, the decaBDE concentrations found were

relatively low, in many cases just above the detection limits. The decaBDE

concentrations found should rather be explained as traces. A more detailed study of

relevant food chains should give a better understanding of the bioaccumulation process. It is remarkable that the positive samples, apart from an occasional exception, were mainly terrestrial birds of prey. Most water birds, including all cormorants from The Netherlands (not in Table 1), showed no detectable decaBDE concentrations. The extremely low water solubility of decaBDE by aquatic organisms, the large size of the decaBDE molecule, and a possible fast metabolism in fish may be explanations for this phenomenom. DecaBDE in dust and other fine particles can apparently be taken up by small terrestrial animals, which are preys of small birds, which are in turn preys of the bird species in this study. No differentiation could be made according to the geographical

The trend study showed a large number of non detectable data both for sparrow hawks
(muscle tissue) and peregrine falcon eggs in the period before 1990 (Figure 1). No

significant trends were found (p<0.05), but the peregrine falcon results from 1995 are

significantly higher than those from other years. More data on decaBDE consumption in

the UK are needed to draw conclusions.

The HBCD concentrations found in the terrestrial birds were generally very low, and no

time trend could be established. HBCD was detected in 12 of the 51 samples of peregrine

eggs (range: 71 to 1200 g/kg lipid) and in 9 of the 65 samples of sparrow hawk muscle

tissue (range: 84 to 19,000 g/kg lipid). All three diastereomers of HBCD were detected

in both species, although the patterns of occurrence varied from sample to sample.
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Conclusions

PBDE metabolism is a species-specific phenomenon and influenced by a complex number of biological and chemical factors. The present results demonstrate that PBDE metabolism/elimination occurs in various species from differing populations and taxonomy. Depending on the species and the congeners in question, mammalian, avian and fish species possess capacities or potential to metabolize PBDE congeners via a debromination or by oxidative pathways that can lead to the formation of HO-PBDE residues. HO-PBDEs of BDE-47 appear to be most common metabolite residues. The presence of HO-PBDE residues is also a likely a factor in PBDE- mediated toxicities in organisms in which they can be formed. More research is clearly necessary on the pharmaco and toxico-kinetics (metabolism) of PBDEs in wildlife.
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