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Quick Summary
A�er two classes of polybrominated diphenyl ether
(PBDE) �ame retardants were banned, manufacturers
began to substitute other �ame retardant chemicals in
consumer products. Some of these chemicals have been
in use for decades, while others are new. �e phase-out of
the third and �nal class of PBDEs will be complete by the
end of 2013. Li�le is known about many of the diverse
array of bromine-, chlorine-, and phosphate-containing
compounds that have replaced PBDEs. Recent studies
have detected some of these alternative �ame retardants
in Bay samples. Typically, they are found in lower con-
centrations than PBDEs. �e concentrations observed
have been far below the e�ects thresholds that exist for a
few of these compounds, but for most of these chemicals
the potential risks are unknown. Proposed changes to
California’s strict �ammability standards may lessen the
use of chemical �ame retardants in consumer products
and therefore lessen the potential risks in the Bay.

What Are They?
• Synthetic organic chemicals typically containing bro-

mine, chlorine, or phosphate.

•�ese compounds have a wide variety of chemical struc-
tures. Some undergo chemical reactions to bind to the
products they treat (“reactive” �ame retardants), while
others do not (“additive” �ame retardants).

What Are They Used For?
•Used as �ame retardants and for some other purposes,

such as plasticizers. Increased use of these compounds as
�ame retardants occurred following bans of two classes
of PBDEs.

•Uses of the alternative �ame retardants detected in the
Bay are varied.

° Hexabromocyclododecane (HBCD): primarily
used in polystyrene insulation panels or boards
in buildings (e.g., thermal insulation); also used
in foams for furniture, and in the automotive and
electronics industries.

° Pentabromoethylbenzene (PBEB): used in circuit
boards, cables, and other electronics; and in tex-
tiles, adhesives, and polyurethane.

° 1,2,-Bis (2,4,6, tribromophenoxy) ethane (BT-
BPE): used in plastics that require high tempera-
tures during manufacture, such as polystyrene, and
in resins.

° Bis (hexachlorocyclopentadieno) cyclooctane
(DP or Dechlorane Plus): used in coatings for
wires and cables and in plastic roo�ng materials
for commercial buildings. DP has also been used
as a pesticide.

° Tris (1,3-dichloro-2-propyl) phosphate
(TDCPP or “chlorinated tris”): brie�y used in
children’s pajamas in the 1970s. Now widely
used in polyurethane foam and found in a range
of household items, including baby strollers
and other baby products, pillows, foam ma�ress
pads, and foam furniture.

° Tris (1-chloro-2-propyl) phosphate (TCPP):
used in rigid polyurethane foams and in �exible
polyurethane foams for furniture and upholstery.

° Tris (2-chloroethyl) phosphate (TCEP): used in
polyurethane foams.

° Triphenyl phosphate (TPhP): used as a �ame
retardant and a plasticizer in the automotive
industry, in roo�ng paper, and in other applica-
tions. Also a component of Firemaster 550, a �ame
retardant mixture widely used in polyurethane
foam.

° Tris (2-butoxyethyl) phosphate (TBEP): used
as a �ame retardant and as a plasticizer in �oor
polishes, plastics, and acrylic paints.

° Tributyl phosphate (TBP): used in aircra� hydrau-
lic �uid.

How Are They Getting into the Bay?
•Municipal wastewater treatment plant e�uent is prob-

ably the major pathway to the Bay, although there is li�le
information on other potential pathways.

•Urban stormwater, which �ows directly into the Bay
untreated, is another potential pathway. Stormwater is a
known pathway for PBDEs, the compounds the alterna-
tives are replacing, to enter the Bay.

•Other potential sources include atmospheric deposition
and inputs from the Delta.
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What Happens to Them in the Bay?

General Properties
•Depending upon their individual physical and chemical

traits, the alternative �ame retardants may adsorb to sedi-
ment particles; degrade by chemical processes, sunlight,
or metabolic activity; volatilize into the atmosphere; or
accumulate in Bay biota.

Patterns of Occurrence in the Bay
and in Other Aquatic Ecosystems
•Five water soluble alternative �ame retardants were

present in Bay waters analyzed using passive samplers:
TDCPP, TCPP, TPhP, TCEP, and TBP (TABLE 1).

•Compounds detected in sediment samples include
HBCD, PBEB, BTBPE, DP, TDCPP, TCPP, and TPhP
(TABLE 1).

° Concentrations of HBCD and DP, two of the alter-
native �ame retardants most frequently detected
in sediment samples, tended to be highest in the
Central and Lower South Bay (FIGURE 1).

° Phosphate �ame retardants TDCPP, TCPP, and
TPhP are relatively abundant in Bay sediment, with
concentrations comparable to those of PBDEs and
polychlorinated biphenyls (PCBs) in the same
samples.

•Alternative �ame retardants detected in Bay wildlife in-
clude HBCD, PBEB, DP, TCPP, TCEP, TBEP, and TPhP
(TABLE 1).

° In general, concentrations of alternative �ame retar-
dants in Bay wildlife are low compared to concen-
trations of PBDEs (Klosterhaus et al. 2012, 2013).

° In Bay wildlife samples, HBCD was detected at lev-
els that were one-tenth to one-thousandth of PBDE
concentrations in the same samples.

° PBEB was detected in all adult and most harbor
seal pups sampled.

° Despite its occurrence in sediment samples, BT-
BPE was not detected in Bay wildlife.

° DP was detected in most wildlife samples but in
concentrations lower than HBCD in the same
samples.

° TCPP, TCEP, and TBEP were detected in all bird
egg samples.

° TPhP was detected in mussel samples.

• Concentrations of alternative �ame retardants in the Bay
are similar to or lower than concentrations in other loca-
tions (Klosterhaus et al. 2012).

• Four other bromine-containing and six phosphate-con-
taining chemicals have been targeted for analysis but have
not been detected in Bay samples (TABLE 2).

Trends in the Bay and Nationally
•Very li�le trend information is available for many alterna-

tive �ame retardants.

•Measurements of HBCD in California sea lions indicate
levels of contamination increased from 1993 to 2003
(Stapleton et al. 2006). Increasing HBCD contamination
has also been observed in marine mammals and �sh else-
where in the US (Chen et al. 2011; Hoguet et al. 2013).

•Analysis of sediment cores from the Great Lakes indi-
cates DBDPE and BTBPE contamination is increasing
exponentially. DBDPE levels doubled every 3-5 years
from 1950 to present in Lake Michigan and every 7 years
in Lake Ontario. BTBPE levels doubled every 7 years
from 1950 to present in Lake Michigan and every 5 years
from 1950 to 2000 in Lake Ontario, though recent Lake
Ontario measurements suggest contamination may be
leveling or declining (Yang et al. 2012).

•DBDPE, BTBPE, and HBB were commonly detected in
eggs collected from colonies of Great Lakes herring gulls.
�e measurements suggest a possible increase in these
compounds during the most recent years of sampling
(2004-2006). Trends were not obvious for the other
�ame retardants examined (Gauthier et al. 2009).

•DP levels in Great Lakes herring gull eggs show greater
contamination starting in the mid-1990s (Gauthier and
Letcher 2009). In contrast, measurements of DP and
related compounds in Niagara River suspended sediment
as well as Lake Ontario sediment cores and lake trout
suggest peak contamination in the 1980s followed by
declines (Shen et al. 2011).
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FIGURE 1
Concentrations of DP and HBCD (ng/g dry weight), two
alternative �ame retardants most frequently detected in
sediment samples, tended to be highest in the Central and
Lower South Bay (Klosterhaus et al. 2012).
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Is There a Risk of Harm in the Bay?
•Risks are largely unknown due to a lack of information

for the wide variety of chemical compounds.

° HBCD is considered to be a neurotoxin and endo-
crine disruptor. It may also cause neurodevelop-
mental harm and decrease fertility. Levels detected
in the Bay are lower than toxicity thresholds for
algae (Birnbaum and Staskal 2012), and use is
likely to decline following a recent global agree-
ment to phase out this �ame retardant.

° �ere are no toxicity data for PBEB.

° BTBPE is structurally similar to known endocrine
disruptors.

° DP is toxic to insects and used as an insecticide.

° Chlorinated tris or TDCPP is a mutagen and car-
cinogen. It was added to the Proposition 65 list of
chemicals known to the state of California to cause
cancer in 2011. TDCPP also has the potential
to act as a neurotoxin and endocrine disruptor
(Meeker and Stapleton 2010, Dishaw et al. 2011).

° TCPP is structurally similar to known carcinogens.

° TCEP has been shown to cause tumors and reduce
fertility in laboratory animals and has been identi-
�ed by the European Chemicals Agency as a Sub-
stance of Very High Concern. TCEP was added to
the Proposition 65 list of chemicals known to the
state of California to cause cancer in 1992.

° TPhP is a known neurotoxin and has been linked
to lowered sperm production. �e European
Chemicals Agency considers TPhP very toxic to
aquatic life, and capable of producing long lasting
e�ects.

° TBEP may a�ect liver function; its long-term
toxicity is unknown.

•Toxicity threshold data for wildlife are extremely limited.
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TIER 1ER

TIER 2

COMPOUND REASON FOR MONITORING

V6 Newly identi�ed, phosphate �ame retar-
dant used in polyurethane foam (Fang et
al. 2013)

Phosphate �ame retardant
metabolites

Many phosphate �ame retardants are not
found in biota and appear to be metabo-
lized rapidly; detection of metabolites
would indicate exposure

Ethylene bis-tetrabromoph-
thalidimide – EBTEBPI

A widely used additive �ame retardant
with predicted high persistence and
potential for bioaccumulation

1,2-dibromo-4-(1,2-
dibromoethyl)cyclohexane
– TBECH or DBE-DBCH

Likely not used in high volume, but has
been detected in environmental samples,
with predicted high persistence, toxicity,
and bioaccumulation; causes reproduc-
tive toxicity in American kestrels and
thyroid disruption in juvenile brown trout

TABLE 2
Possible additional target alternative �ame retardants
for monitoring in San Francisco Bay.

TABLE 1
Alternative �ame retardants that have been detected in San Francisco Bay (from Klosterhaus et al. 2013a,b).
• indicates detection; x indicates lack of detection.

ALTERNATIVE FLAME RETARDANTS WATER* SEDIMENT MUSSELS SPORT FISH BIRD EGGS SEALS

HBCD • • • • •
Dechlorane Plus (DP) • • • • •
PBEB • • x x •
DBDPE x
BTBPE • x x x x
HBB x x x x x
BEH-TBP** x x x
EH-TBB** x x x x x
TDCPP or Chlorinated Tris • • x x
TCPP • • x •
TPhP • • • x
TCEP • •
TBP • x
TBEP x •
TEHP x x
TPrP x

Tris(2,3-dibromopropyl) phosphate,
Tricresyl phosphate, 2-Ethylhexyl-
diphenyl phosphate, Tris(2-bromo-
4-methylphenyl) phosphate

x

* Qualitative detections via passive water samplers indicating presence or absence in Bay waters.

** Possibly not detected due to methodological issues.
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TIER 1ER

TIER 2 Key Information Gaps
•Additional compounds could be targeted for monitor-

ing (TABLE 2).

• Some �ame retardants are proprietary mixtures with
unknown formulations, so other compounds may be
present but not included on lists of potential analytes.

•Li�le is known about the toxicity of individual com-
pounds, and even less is known about cumulative e�ects
of complex mixtures.

•Trend monitoring will be needed to track changes in
environmental concentrations in response to evolving
regulation and use.
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2007 20092008200320022001

CBEARHFTI proposes
revisions to Technical

Bulletin 117 that would
change standards in order
to improve �re safety while

reducing the need for
chemical �ame retardants.

Following pressure
from USEPA, the major

manufacturers of decaBDE
agree to stop production by

the end of the year.

Global agreement to
begin phase-out of

HBCD is announced.

Governor Brown directs
CBEARHFTI to revise
Technical Bulletin 117.

USEPA proposes rules to
regulate use of HBCD in
consumer textiles.

USEPA releases
action plan
for HBCD.

USEPA issues report
on chemical �ame retardant
alternatives to PentaBDE in

foams for upholstered furniture.

2004
In response to pressure
from USEPA, the major
manufacturer of PentaBDE
and OctaBDE, two of
three commercial mixtures
of PBDE �ame retardants,
agrees to stop producing
the compounds by the
end of the year.

The California bureau charged with improving
�re safety of products, now called the Bureau
of Electronic and Appliance Repair, Home
Furnishings and Thermal Insulation (CBEARHFTI),
begins development of performance-based
�ammability standards through a series of
Technical Bulletins. Technical Bulletin 117
(“Requirements, Test Procedures and Apparatus
for Testing the Flame Retardance of Resilient
Filling Materials Used in Upholstered Furniture”)
is �rst issued, requiring that furniture foam be
able to withstand the heat of an open �ame, a
very strict standard that has led to widespread
use of chemical �ame retardants.

2005

2010

2013
Management Timeline

1995199019851980

1975

CBEARHFTI issues the most
recent version of Technical

Bulletin 117.

2000

California ban
on manufacture,
distribution, and
processing of
PentaBDE and
OctaBDE goes
into effect.

2006
California adds TDCPP

to the Proposition
65 list of suspected

carcinogens, chemicals
known to the state of

California to cause
cancer, which requires
businesses to provide

warnings to consumers.

2011 2012


