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To Whom It May Concern:
My name is Heather Stapleton, assistant professor of environmental chemistry within the
Nicholas School of the Environment and Earth Sciences at Duke University (Durham,
NC, USA). For the past seven years I have been investigating the fate, transport and
metabolism of brominated flame retardants, and specifically, polybrominated diphenyl
ethers (PBDEs), in the environment. In 2003 I received my Ph.D. from the University of
Maryland based on a dissertation which examined the uptake and metabolism of PBDEs
in fish. Currently I have more than a dozen peer-reviewed papers published on PBDEs
with two more currently in review with leading environmental scientific journals. Given
this background, I consider myself to be one of the leading experts on PBDE fate and
transport in the environment.
With this letter I would like to give you a brief overview of some of the more pressing
issues regarding the use of PBDEs, and specifically the issues surrounding the fate of the
commercial flame retardant mixture known as Decabromodiphenyl Ether, or DecaBDE.
These issues include the bioaccumulation and breakdown potential of the primary
component of this mixture, BDE 209. Here are a few of the key points:
1. Human accumulation of BDE 209
2. Bioaccumulation of BDE 209 in food webs
3. Potential for debromination of BDE 209 in the environment
Human Accumulation of BDE 209: BDE 209 has been detected in human tissues (breast
milk and serum) in several different studies (1 -3) suggesting it can accumulate in people
and is bioavailable, contrary to industrial claims. Due to the fact that house dust has
been found to contain some of the most concentrated levels of BDE 209 ever measured,
there is some concern that children may be receiving elevated exposure to BDE 209 that
is greater than adults. In fact, the only study to examine BDE 209 in children found that
BDE 209 was present in serum and at levels that were two orders of magnitude greater
than levels measured in adults (3). Thus, there may be concern about children's exposure
to DecaBDE in indoor environments.
Bioaccumulation of BDE 209 in Food Webs: Generally speaking, the terms
bioaccumulation and biomagnifications indicate that the concentration of a chemical is
higher in the animal than it is in their food sources, or in the cases of aquatic
environments, higher than the concentration found in the water. Recent studies have
detected BDE 209 in a variety of fish, rodent, bird and mammal species, suggesting it is
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bioaccumulative (4-8). However, it is often difficult to estimate the bioaccumulation
potential unless the prey items or food sources have been measured for BDE 209 as well.
One study conducted on the food web of Lake Winnipeg in Canada has found evidence to
suggest significant bioaccumulation of BDE 209 does occur (9). In this study, the
authors calculated biomagnification factors (BMF) for several predatorlprey species that
had been measured for BDE 209. A BMF is defined as the concentration of a chemical in
a predator divided by the concentration of a chemical in its food sourcelprey. The
calculated BMFs for several fish species in Lake Winnipeg ranged from <1 up to 34.
This suggests, for example, that some fish had levels of BDE 209 in their tissues that
were 34 times greater than the levels in their known food sources, implying
bioaccumulation. Furthermore, BDE 209 has been detected and measured in wildlife at
levels as high as 12,200 ppb (5) and in some cases it is the primary PBDE congener
present in wildlife tissues (4,6). Furthermore, the levels measured in wildlife (bears,
foxes, birds, etc.) suggest that accumulation of BDE 209 is occurring at greater rates in
terrestrial environments relative to aquatic environments (4,6). Based on this evidence,
BDE 209 is believed to be bioaccumulative.
Due to very low water solubility, exact measurements of bioconcentration factors (BCFs)
have been difficult to measurelestimate because they rely upon measuring BDE 209 in
aqueous systems. However, the estimated Log KO,values for BDE 209 range from 6.3 to
9.7 (European Commission, 2002; European Chemicals Bureau, 2004) which does
classify this compound as bioaccumulative according to the Organisation for Economic
Co-operation and Development (OECD) guidelines, which states that in the absence of
BCF measurements, a substance is bioaccumulative when the logarithm of its octanolwater partition coefficient is equal to or greater than 5.
Potential for Debromination of BDE 209 in the Environment: An additional concern
regarding the use and fate of decaBDE is the potential for this compound to breakdown
via a mechanism known as debromination. Debromination of BDE 209 indicates that the
congener is successively losing bromine atoms from the molecule. creating a smaller,
more persistent, more bioaccumulative, and potentially a more toxic compound. Studies
have indicated that PBDE congeners with 4 to 7 bromine atoms have greater rates of
accumulation, larger BMF values and longer half-lives in tissues that the fully
brominated (10 bromine atoms) BDE 209 congener (10-12). Due to the high use and
distribution, environmental debromination of BDE 209 may be of concern and lead to
greater exposure to lower brominated PBDE congeners. In laboratory studies
debromination of BDE 209 has been found to occur from both exposure to UV light and
sunlight (13-15 ) , by bacteria (1 6,17) and by endogenous metabolism in fish (1 8,19). The
potential for photolytic debromination and exposure to lower brominated congeners in
people is of real concern given the abundance of BDE 209 measured and detected in
house dust. Furthermore, BDE 209 is found at relatively large abundance in biosolids
and sewage sludge (20-23) which are often land applied as a recycling strategy and
receive significant sunlight exposure.
The extent of debromination varies depending on the mechanism involved, and in the
case of photolysis, the intensity of the light. Photolytic studies using UV lamps have

shown that BDE 209 can debrominate down to tri, tetra-, penta- and hexaBDE congeners
(13-15). The extent to which this compound will break down under environmentally
relevant conditions is difficult to assess. In one of my own research studies we
investigated the debromination potential of BDE 209 in house dust following exposure to
natural sunlight. BDE 209 debrominated with a half-life of approximately 200 hours and
formation of PBDE congeners with 7 to 9 bromine atoms was observed. This study is
currently in review with the journal Environmental Science & Technology. In a fish
exposure study we examined the capability of carp to debrominate BDE 209 via
metabolism. Following exposure, carp were observed to accumulate one pentaBDE,
three hexaBDE, two heptaBDE and one octaBDE congeners as a result of debromination,
although the concentrations of these less brominated congeners represented about 1% of
the BDE 209 exposure (1 8). The ability of other species to debrominate BDE 209 is
unknown. Exposure studies using rats have found that BDE 209 is metabolized via a
combination of debromination and oxidative pathways leading to accumulation of
hydroxylated (OH-BDEs) and methoxylated (MeO-BDE) congeners which are also of
toxicological concern (24,25).
Given these issues, I would support a ban on the use of the flame retardant mixture
known as decaBDE if suitable alternatives can be found. While I acknowledge and
appreciate the need for flame retardant chemicals in our products, I think it is also
important to reduce exposure to potentially bioaccumulative and toxic chemicals. This is
particularly important for reducing exposure to children who are in sensitive
developmental stages. With the high levels of BDE 209 measured in indoor
environments (i.e. indoor air and dust), children's exposure to this chemical may be
significantly higher than most adults.
If there are any further questions regarding the statements written herein I can be reached
at the contact information below. I am also willing to testify before a board of review on
this issue if need be.
Thank you,
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Heather Stapleton

Heather M. Stapleton
Assistant Professor
Duke University
Nicholas School of the Environment & Earth Sciences
LSRC, Box 90328
Durham, NC 27708
Phone: (91 9) 6 13-87 1 7
Email : heather.stapleton@,duke.edu

References Cited

(1)
Takasuga, T.; Senthilkumar, K.; Takemori, H.; Ohi, E.; Tsuji, H.; Nagayama, J.
Chemosphere 2004, 57, 795-811.
(2)
Schecter, A.; Papke, O.; Harris, T. R.; Tung, K. C. Toxicological &
Environmental Chemistry 2006, 88, 319-324.
(3)
Fischer, D.; Hooper, K.; Athanasiadou, M.; Athanassiadis, I.; Bergman, A.
Environmental Health Perspectives 2006, 114, 1581-1584.
(4)
Voorspoels, S.; Covaci, A.; Lepom, P.; Escutenaire, S.; Schepens, P.
Environmental Science & Technology 2006, 40, 2937-2943.
(5)
Chen, D.; Mai, B.; Song, J.; Sun, Q.; Luo, Y.; Zeng, E. Y.; Hale, R.
Environmental Science & Technology 2007, In Press.
(6)
Christensen, J. R.; Macduffee, M.; Macdonald, R. W.; Whiticar, M.; Ross, P. S.
Environmental Science & Technology 2005, 39, 6952-6960.
(7)
Johnson-Restrepo, B.; Kannan, K.; Addink, R.; Adams, D. H. Environmental
Science & Technology 2005, 39, 8243-8250.
(8)
Lindberg, P.; Sellstrom, U.; Haggberg, L.; de Wit, C. A. Environmental Science
& Technology 2004, 38, 93-96.
(9)
Law, K.; Halldorson, T.; Danell, R.; Stern, G.; Gewurtz, S.; Alaee, M.; Marvin,
C.; Whittle, M.; Tomy, G. Environmental Toxicology and Chemistry 2006, 25, 21772186.
(10) Stapleton, H. M.; Letcher, R. J.; Li, J.; Baker, J. E. Environmental Toxicology and
Chemistry 2004, 23, 1939-1946.
(11) Burreau, S.; Axelman, J.; Broman, D.; Jakobsson, E. Environmental Toxicology
and Chemistry 1997, 16, 2508-2513.
(12) Tomy, G. T.; Palace, V. P.; Halldorson, T.; Braekevelt, E.; Danell, R.; Wautier,
K.; Evans, B.; Brinkworth, L.; Fisk, A. T. Environmental Science & Technology 2004,
38, 1496-1504.
(13) Ahn, M. Y.; Filley, T. R.; Jafvert, C. T.; Nies, L.; Hua, I.; Bezares-Cruz, J.
Environmental Science & Technology 2006, 40, 215-220.
(14) Eriksson, J.; Green, N.; Marsh, G.; Bergman, A. Environmental Science &
Technology 2004, 38, 3119-3125.
(15) Soderstrom, G.; Sellstrom, U.; De Wit, C. A.; Tysklind, M. Environmental
Science & Technology 2004, 38, 127-132.
(16) Gerecke, A. C.; Hartmann, P. C.; Heeb, N. V.; Kohler, H. P. E.; Giger, W.;
Schmid, P.; Zennegg, M.; Kohler, M. Environmental Science & Technology 2005, 39,
1078-1083.
(17) He, J. Z.; Robrock, K. R.; Alvarez-Cohen, L. Environmental Science &
Technology 2006, 40, 4429-4434.
(18) Stapleton, H. M.; Alaee, M.; Letcher, R. J.; Baker, J. E. Environmental Science &
Technology 2004, 38, 112-119.
(19) Stapleton, H. M.; Brazil, B.; Holbrook, R. D.; Mitchelmore, C. L.; Benedict, R.;
Konstantinov, A.; Potter, D. Environmental Science & Technology 2006, 40, 4653-4658.

(20) Song, M.; Chu, S. G.; Letcher, R. J.; Seth, R. Environmental Science &
Technology 2006, 40, 6241-6246.
(21) Hale, R. C.; La Guardia, M. J.; Harvey, E. P.; Gaylor, M. O.; Mainor, T. M.; Duff,
W. H. Nature 2001, 412, 140-141.
(22) North, K. D. Environmental Science & Technology 2004, 38, 4484-4488.
(23) Rayne, S.; Ikonomou, M. G. Journal of Environmental Engineering and Science
2005, 4, 353-367.
(24) Morck, A.; Hakk, H.; Orn, U.; Wehler, E. K. Drug Metabolism and Disposition
2003, 31, 900-907.
(25) Hakk, H.; Letcher, R. J. Environment International 2003, 29, 801-828.

