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Increasing concentrations of PBDEs in biota and breast milk pose concern about possible
developmental effects in nursed babies. A study examined the endocrine-mediated effects of
developmental exposure to PBDE-99. When pregnant rats were exposed to PBDE-99 (1 or 10 mg/kg
body wt., daily from gestational day 10-18) pronounced decreases in circulating sex steroids in male
offspring at weaning and in adulthood were observed. Anogenital distance was reduced in male
offspring. Puberty onset was delayed in female offspring at the higher dose level, while a slight
acceleration was detected in low-dosed males. The number of primordial/primary ovarian follicles
was reduced at the lower dose. Decline of secondary follicles was more pronounced at the higher
dose. Sweet preference was dose-dependently increased in PBDE exposed adult males, indicating a
feminization of this sexually dimorphic behavior. These results support the hypothesis that PBDE
are endocrine-active compounds and interfere with sexual development and sexually dimorphic
behavior (Lilienthal et al 2005).

Another study on the effects of developmental exposure to PBDE-99 on juvenile basal motor activity
levels and adult male reproductive health showed that in utero exposure to a single low dose of
PBDE-99 disrupts neurobehavioral development and causes permanent effects on the rat male
reproductive system apparent in adulthood. Wistar rat dams were treated by gavage on gestation
day 6 with a single low dose of 60 or 300 ng PBDE-99/kg body weight. In offspring, basal locomotor
activity was evaluated on postnatal days 36 and 71, and reproductive performance was assessed in
males at adulthood. The exposure to low-dose PBDE-99 during development caused hyperactivity in
the offspring at both time points and permanently impaired spermatogenesis by the means of
reduced sperm and spermatid counts. The doses used in this study (60 and 300 pg/kg bw) are
relevant to human exposure levels, being approximately 6 and 29 times, respectively, higher than the
highest level reported in human breast adipose tissue. This is the lowest dose of PBDE reported to
date to have an in vivo toxic effect in rodents and supports the premise that low-dose studies should
be encouraged for hazard identification of persistent environmental pollutants (Kuriyama et al
2005).

An in Vitro studies has shown that a pentaBDE mixture (DE-71) disturbs intracellular signalling
mechanisms in rat brain, which are critical for the normal function and development of the nervous
system (Kodavanti and Ward 2005) and induces respiratory burst in human neutrophil granulocytes
(Reistad and Mariussen 2005).

Neurotoxic effects of BDE 99 include hyperactivity during adolescence in rats and decreases total
circulating thyroxine levels (Branchi et al 2005)
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(c) Environmental fate (
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In a study that WWF conducted to test chemicals in the blood of families of three generations
from Europe, PBDEs were detected in many samples, including BDE 47 in 24 and BDE 99 in 15
out of total 39 tested(WWF 2005).

In another study that WWF conducted to test chemicals in the blood of Members of the
European Parliament, PBDEs were also detected, with BDE 47 found in 24, BDE 99 in 16 of total
47 tested, with a range from 3.4-51 and 3.1-32 ng/g blood, respectively (Annex 3 page 58) (WWF
2004).

A WWF-UK Chemicals and Health campaign report indicated that BDE 47 and 99 were found in
25 and 4 out of 33 tested people, with maximum of 24.1 and 12.5 ng/g serum lipid, respectively
(WWF-UK 2004)

WWEF-UK has found BDE 47 in 105, BDE 99 in 63 of total 155 tested people in its national survey
of 2003, ranging from 0.4-180 and 0.36-150 ng/g lipid, respectively (Table 2 on page 40) (WWF
2003).

Concentration of BDE 47 in contemporary California women with a median of 16.5 (ranging
from 5 to 510) ng/g lipidh was 3-10 times higher than those reported in Europe. In contrast,
PBDEs were not measurable in any of 420 archived serum samples collected in 1960s from the
same geographic area. Concentration of BDE 47 did not increase with age or with concentration
of PCB 153, suggesting other routes of exposure in addition to diet (Petreas et al 2003)

PBDEs were detected in 3 out 37 individual human milk samples from Kahramanmaras region,
Turkey (Erdogrul et al 2004) and the highest value for the sum of PBDEs was 0.014 ng/g ww.
BDE 47 was the dominant congener, followed by BDE 99. Although the number of samples is
relatively low and they are not representative for the whole Turkish population, the results of the
present study are important to provide additional data on the concentrations of persistent
organochlorinated pollutants in Turkey and show as the first PBDE levels in Turkish population.

Studies show that different levels of BDE 47 and 99 were found in marine mammals such as
dolphins and whales at ng/g of lipid weight, with high levels found in killer whales and bottlenose
dolphins. The levels vary from 0.8 in bird's beaked whale to 87 in bottlenose dolphins for BDE 99
and 3.0 in bird's beaked whales to 275 in killer whales, with the levels in striped dolphins and
mink whales falling in between (Marsh et al 2004, Wolkers et al in press).

Measurements of six BDE congeners that are common components of the pentaBDE commercial
mixture within the entire Lake Michigan aquatic food web in the US indicate that BDEs were
detected in all samples. The dominant BDE congener was BDE 47. BDE 47 levels were
consistently greater than BDE 99, although these two compounds have the similar levels in the
commercial mixture (Stapleton and Baker 2003)

A comparison study of British Columbia grizzly bears rely entirely on terrestrial foods and some
that switch in late summer to returning Pacific salmon (Christensen 2005). While the bears
consuming a higher proportion of terrestrial vegetation (“interior” grizzlies) exhibited POP
patterns dominated by the more volatile organochlorine (OC) pesticides and the heavier
polybrominated diphenyl ethers (PBDEs: e.g., BDE-209), the bears consuming salmon were
dominated by the more bioaccumulative POPs (e.g., and BDE-47). The ocean-salmon-bear
pathway appeared to preferentially select for those contaminants with intermediate partitioning
strength from water into lipid (log Kow 6.5). This pattern reflects an optimum contaminant log
Kow range for atmospheric transport, deposition into the marine environment, uptake into
marine biota, accumulation through the food web, and retention in the bear tissues. It is
estimated that salmon deliver 70% of all OC pesticides, up to 85% of the lower brominated
PBDE congeners, and 90% of PCBs found in salmon-eating grizzly bears, thereby inextricably
linking these terrestrial predators to contaminants from the North Pacific Ocean.

(e) Exposure in local areas (provide summary information and relevant references)

- general

- as a result of e Various organochlorine pesticides and brominated diphenyl ethers
long-range (BDE-47, -99, and -100) were measured in sea ice algae, water
environmental column plankton, and juvenile and adult krill collected in the Palmer
transport Long-Term Ecological Research (LTER) region west of the Antarctic

Peninsula during late austral winter and midsummer, 2001-2002.
BDEs were 100-1000 times higher in ice algae and 2-10 times higher
in phytoplankton than the most abundant organochlorine pesticide,
hexachlorobenzene (HCB), reflecting the current production and use
of BDEs versus organochlorine pesticides. However, concentrations
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of HCB and BDEs were significantly lower in summer plankton than
in ice algae indicating lower atmospheric inputs, removal from the
water column, and/or biodilution of persistent organic pollutants at
the base of the food web during summer. Concentrations of HCB
(juvenile and adult krill) and BDEs (juvenile krill) were not
significantly different from their primary food source (ice algae,
phytoplankton), and BDEs were significantly lower in adult krill
versus phytoplankton, indicating no biomagnification of HCB or
BDEs during transfer from plankton to krill. The high
concentrations of BDEs and HCB in ice algae and associated juvenile
krill illustrate the importance of sea ice as a vector for entry of POPs
into the Antarctic marine ecosystem (Chiuchiolo et al 2004)

- information

ding bi e BDE 47, 85 and 99 can be effectively taken up by adult mice and
regz‘lr lng 10- retained in fatty tissues and concentrated in some specific organs
availability such as the liver, adrenal cortex, ovary, lung and (initially) the brain.

At long post-injection time, the concentration in most tissues was
lowered with residues left mainly in fat depots and the liver
(Darnerud and Risberg 2006).

(f) National and international risk evaluations, assessments or profiles and labelling information and
hazard classifications, as available (provide summary information and relevant references)

e A Danish study on POPs and their long-term temporal changes and effects on eggs of a bird of
prey has shown the levels of BDE 47, 99 and other congeners in biota. The concentration levels
for brominated flame retardants, was posted at the Appendix 3 of the study (Serensen et al 2004)

(g) Status of the chemical under international conventions

References:

Branchi, 1., Capone, F., Vitalone, A., Madia, F., Santucci, D., Alleva, E., and Costa L.G. (2005) Early developmental
exposure to BDE 99 or Aroclor 1254 affects neurobehavioural profile: interference from the administration route.
Neurotoxicology. 2005 Mar; 26(2):183-92, available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15713339&dopt=Citation

Chiuchiolo, A.L., Dickhut, R.M., Cochran, M.A., and Ducklow, H.W. (2004) Persistent Organic Pollutants at the Base of the
Antarctic Marine Food Web. Environ. Sci. Technol.2004, 38,3551-3557, available at http://pubs.acs.org/cgi-
bin/abstract.cgi/esthag/2004/38/i13/abs/es0351793.html

Christensen, J.R., MacDonald R.W., Whiticar, M., and Ross, .S. (2005) Persistent Organic Pollutants in British
Columbia Grizzly Bears: Consequence of Divergent Diets. Environ. Sci. Technol.2005, 39,6952-6960, attached

Darnerud, P.O. and Risberg, S. (2006) Tissue localisation of tetra- and pentabromodiphenyl ether congeners (BDE-47, -
85 and -99) in perinatal and adult C57BL mice. Chemosphere. 2006 Jan; 62(3):485-93, available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15893803&dopt=Citation

Erdog™rul, O., Covacib, A., Kurtulc, N., and Schepens P. (2004) Levels of organohalogenated persistent pollutants in
human milk from Kahramanmaras region, Turkey. Environment International 30 (2004) 659— 666, available at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&list uids=15051242&dopt=Citation

Kodavanti, P.R.S. and Ward, T.R., (2005) Differential Effects of Commercial Polybrominated Diphenyl Ether and
Polychlorinated Biphenyl Mixtures on Intracellular Signaling in Rat Brain in Vitro. Toxicological Sciences 2005
85(2):952-962 (ToxSci Advance Access originally published online on March 16, 2005, available at
http://toxsci.oxfordjournals.org/cgi/content/abstract/85/2/952

Kuriyama, S.N., Talsness, C.E., Grote, K., and Chahoud, I (2005) Developmental Exposure to Low Dose PBDE 99: 1--
Effects on Male Fertility and Neurobehavior in Rat Offspring Environmental Health Perspectives Volume 113, Number
2, February 2005, doi:10.1289/ehp.7421 available via http://dx.doi.org/ [Online 4 November 2004]




UNEP/POPS/POPRC.1/4

Lilienthal, H., Hack, A., Roth-Hirer, A., Grande, S.W., and Talsness, C.E. (2005) Effects of Developmental Exposure
to 2,2',4,4'5-Pentabromodiphenyl Ether (PBDE-99) on Sex Steroids, Sexual Development and Sexually Dimorphic
Behavior in Rats. Environmental Health Perspectives doi:10.1289/ehp.8391 (available at http://dx.doi.org/) October
2005

Marsh, G., Athanasiadou, M., Bergman, A., Athanassiadis, 1., Endo T., and Haraguchi K. (2004) Identification of a
novel dimethoxylated polybrominated biphenyl bioaccumulating in marine mammals. Organohalgen Compounds
Volume 66 (2004), p3823-3829, full article available at http://dioxin2004.abstract-management.de/pdf/p705.pdf

Petreas, M., She, J., Brown, F.R., Winkler, J., Windham, G., Rogers, E., Zhao, G., Bhatia, R., and Charles, M.J. (2003)
High body bburdens of 2,2°,4,4’-tetrabromodiphenyl ether (BDE-47) in California women. Environmental Health
Perspectives Volum 111, Number 9, July 2003: 1175-1179, available at
http://ehp.niehs.nih.gov/members/2003/6220/6220.html

Reistad, T. and Mariussen, E. (2005) A Commercial Mixture of the Brominated Flame Retardant Pentabrominated
Diphenyl Ether (DE-71) Induces Respiratory Burst in Human Neutrophil Granulocytes In Vitro. Toxicological Sciences
2005 87(1):57-65, available at http://toxsci.oxfordjournals.org/cgi/content/abstract/87/1/57

Serensen, P.B., Vorkamp, K., Thomsen, M., Falk, K., and Mgller, S. (2004) Persistent organic Pollutants (POPs) in the
Greenland environment — Long-term temporal changes and effects on eggs of a bird of prey. NERI Technical Report No.
509. 2004. National Environmental Research Institute, Ministry of the Environment. Denmark, available at
http://assets.panda.org/downloads/preegrinefalcons.pdf

Stapleton, H.M. and Baker, J.E. (2003) Comparing Polybrominated Diphenyl Ether and Polychlorinated Biphenyl
Bioaccumulation in a Food Web in Grand Traverse Bay, Lake Michigan. Environmental Contamination and
Toxicology, Vol 45, No. 2, 2003, available at
http://www.springerlink.com/(2ic3tv55waibmiSSigwmhgys)/app/home/contribution.asp?referrer=parent&backto=issue
11,18:journal,20.73:linkingpublicationresults,1:100119.1

Wolkers, H., Corkeron, P., van Parijs, S., Simil4, T., and van Bavel, B. (in press) Accumulation and food chain transfer
of chlorinated and brominated contaminants in adult killer whale males (Orcinus orca) from Norway: indications for
contaminant metabolism. Corresponding author hans.wolkers@npolar.no

WWF (2004) Chemical Check Up — An analysis of chemicals in the blood of Members of the European Parliament,
attached.

WWEF (2005) Generation X — Results of WWEF’s European Family Biomonitoring Survey. WWF 2005, available at
http://www.panda.org/about wwf/what we_do/toxics/publications/index.cfm?uNewsID=23697

WWEF-UK (2003) National Biomonitoring Survey 2003, attached.

WWF-UK (2004) Contamination: the next generation - Results of the family chemical contamination survey (A WWF-
UK Chemicals and Health campaign report in conjunction with The Cooperative Bank). October 2004, attached



