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PBDE Commercial Mixtures
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BDE 209‘Deca-BDE’
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203, 206, 207, 209‘Octa-BDE’

BDEs 47, 99, 100, 153, 154‘Penta-BDE’
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• Each mixture named for its primary constituent congeners
• Each congener named according to # of Br and position on the ring



Regional Monitoring Program for Water Quality (RMP)

1. Status and Trends Contaminant Monitoring (1994 - )

- Sediment, water (annually)
- Bivalves (every 2 years)
- Sport fish (every 3 years)
- Cormorant eggs (every 3 years)

2. Pilot and Special Studies

- Provides framework for adaptive management
- e.g. emerging contaminants

Collaboration: SFEI, Regional Water Quality Control Board, and Dischargers

Objective: Science to support management decisions in the SF Estuary
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Other studies: ~5-200 ng/g lipid in adipose of CA women (Petreas et al. 2003)
~90 ng/g in blood, milk, adipose of US women (McDonald 2005)
~30-250 ng/g in blood of CA family (Fisher et al. 2006)

Figure from Petreas et al. 2001





PBDEs added to RMP Status and Trends Monitoring in 2002









Dechlorane Plus ®
(1,2,3,4,7,8,9,10,13,13,14,14 – dodecachloro
1,4,4a,5,6,6a,7,10,10a,11,12,12a - dodecahydro-
1,4,7,10 - dimethanodibenzo (a,e) cyclooctene)

• Additive flame retardant
• Used in electrical wires and cables, computer connectors,
and plastic roofing materials

• High production volume chemical, used for over 40 years

log Kow 9.3

Application

Toxicity Not acutely toxic (LC50 > 100 mg/L); No chronic data

Occurrence and Bioaccumulation
• Air, sediment, and fish from the Great Lakes (Hoh et al. 2006)

• Lake Winnipeg and Lake Ontario food webs; low relative to PBDEs and HBCD (Tomy et al. 2007)

• Increasing concentrations in lake trout from Ontario between 1979 and 1993 but then declined
(Tomy et al. 2007)

• Herring gull eggs from the Great Lakes (Gauthier et al. 2007)

• Beluga whale blubber in Canadian arctic between 1993-2005 (< 2 ng/g lipid); concentrations
did not vary over the time period (Tomy et al. 2007)



Tris(1,3-dichloro-2-propyl)phosphate (TDCPP) or ‘Chlorinated Tris’

• Used in polyurethane foams
• 2nd most commonly used Penta-BDE replacement in CA

log Kow 3.8

Water: 5-76 ng/L; well below acute toxicity endpoints
Sediment, bivalves: not detected

Application

Occurrence and Bioaccumulation
San Francisco Bay (1999-2000; Oros et al. 2003)

• North Sea/German Bight surface waters, near shore: max 15 ng/L (Andresen et al. 2007)
• Lake Ontario: 2-50 ng/L (Andresen et al. 2007)
• USGS U.S. stream survey: max 160 ng/L (Kolpin et al. 2002)



Tris(1,3-dichloro-2-propyl)phosphate (TDCPP) or ‘Chlorinated Tris’

log Kow 3.8

Toxicity

• Acutely toxic to fish at high concentrations (3800 µg/L)
• Chronic toxicity to fish (200 µg/L)
• EPA: ‘moderate hazard concern’

Consumer Product Safety Commission Preliminary Risk Assessment of Flame
Retardant Chemicals in Upholstered Furniture Foam (2006):

‘TDCP is considered a probably human carcinogen, based on sufficient
evidence in animal studies. TDCP also induces non-cancer chronic health
effects in animals.’



Triphenylphosphate (TPP)

log Kow 4.6• Used in polyurethane foams
• Component of FireMaster 550 and other commercial mixtures
• FireMaster 550 is most commonly used Penta-BDE replacement in CA

Application

Occurrence and Bioaccumulation

Water: 24-56 ng/L; well below acute toxicity endpoints
Sediment: not detected
Bivalves: 0.55-378 ng/g wet weight
Cormorant eggs: detected (Davis 1995; unpublished)

San Francisco Bay (1999-2000; Oros et al. 2003)

• North Sea/German Bight surface waters, near shore: 3-6 ng/L (Andresen et al. 2007)
• USGS U.S. stream survey: max 220 ng/L (Kolpin et al. 2002)



Triphenylphosphate (TPP)

log Kow 4.6

Toxicity
• Acutely toxic to fish at high concentrations (1100 µg/L)
• Chronic toxicity to fish (100 µg/L)
• More ecotoxic than TDCP
• EPA: ‘high hazard concern’

Consumer Product Safety Commission Preliminary Risk Assessment of Flame
Retardant Chemicals in Upholstered Furniture Foam (2006):

‘Little toxicity information on FireMaster 550 and its components is available.’

‘TPP is not considered acutely toxic.’

‘No chronic studies of any kind and no subchronic studies with complete
histopathology have been reported.’

‘Additional information is needed to assess its toxicity.’



• Used in polyurethane foams
• Component of FireMaster 550 and other commercial mixtures
• FireMaster 550 is most commonly used Penta-BDE replacement in CA

Octyl tetrabromobenzoate (OTB)

Application

Occurrence and Bioaccumulation None

Toxicity
Consumer Product Safety Commission Preliminary Risk Assessment of Flame
Retardant Chemicals in Upholstered Furniture Foam (2006):

‘Insufficient toxicity data on OTB or related compounds were available to
assess whether OTB could present a hazard to consumers. Basic toxicity data, physico-
chemical data, and additional exposure data are needed to assess whether OTB may be
hazardous to consumers.’
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What is the potential for effects to humans and wildlife ?

* EPA TSCA Inventory 2002



Summary

1. Substantial data gaps exist for current use flame retardant chemicals, in the SF Bay
and elsewhere.

2. Several ‘new’ flame retardant chemicals that are considered to be toxic are being
used in high volume.

3. Critical point in capturing time trend of flame retardant chemical concentrations in
the environment.


