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Polybrominated Biphenyls (PBBs)

Polybrominated diphenyl ethers (PBDEs)

Bry Br,

=« 209 possible congeners
« structurally related to PCBs...
= persistent , bioaccumulative, toxic

Use of PBDEs as fire retardants

penta furniture (polyurethane foam)
octa electrical hard plastic
deca TV/computer plastic,

textiles

up to 10-30 % by weight
not chemically bound to the plastic

The graph that launched a thousand papers...

PBDE levels in human milk in Sweden (1998)
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the scientific feeding frenzy begins

PBOE papers in pubmed
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Exposure Assessment Paradigm: Source to Disease

micro- ersonal internal
— P

sources P q | —
environment exposure dose

——
How are people
exposed ?

What are the

health effects?

= How are people being exposed? (initial idea)

food*

occupational

* by analogy with PCBs & dioxin
research in Scandinavia (fish consumption)

But PBDEs used in consumer products...
and show up in house dust

e.g., Rudel et al 2003
Stapleton et al 2005

Hypothesis: House dust may be
important route of exposure
(But exposure factors VERY
uncertain, especially for adults)
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Goal: Understand how people are exposed to PBDEs
along complete pathway from product to person
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Goal: Understand how people are exposed to PBDEs
along complete pathway from product to person

micro- ersonal internal
— P —

sources P .
environment exposure dose

= Exposure factor approach:

e.g., media concentration X exposure factor
A J .

Y
representative? how well known?

= Empirical (epidemiologic) studies linking boxes:
e.g., association of dust concentrations
& body burden

PBDEs in
house dust

PBDESs in breast milk X =
(measures mother’s Diet :
body burden) questionnaire

PentaBDE body burden associated with both diet and dust

S micro- personal internal
environment exposure dose
dust Tdiet biomarker

Lo of PHOES o Bt e
pante s emgomars oo

Log o FROEs i Dr g el Wu et al 2007

Dust or air? May be correlated.

Measuring inhalation exposure is easier than for dust.

Dust Sampling

& participants vacuum
cleaner bag 17

- - Allg t al 2008
Personal Air > Room Air en e

« closer to sources

(e.g., foam mattresses)?

< personal dust cloud?

(“Pigpen effect”)

Schultz

16
But inhalation not enough to account for exposure?

rritkal factors in assessing exposure to PBDES via house dust
Joseph G. Allen*»*, Michael D. McClean®, Heather M. Stapleton . Thomas F. Webster *
Environ Intern 2008; 34: 1085-1091

It matters how and where you sample dust in homes:
- differences between rooms
- differences between researcher-collected dust &
vacuum cleaner bags

Dust concentrations significantly correlated when
sampled 6-8 months apart

Deca very high in some dust ~ 1 mg/g

Some evidence for breakdown of deca in dust 18




micro- personal internal
sources . . .o
environment exposure dose

dust biomarker

air - dermal exposure
dust - ingestion ?

dust - dermal

micro- personal internal
sources . .- ..
environment exposure dose

dust handwipes biomarker

N=33 PBDE
detected 100%

median 129 ng

mean 225ng

range 3-1982 ng

Stapleton et al 2008
= Can measure PBDEs on hands
= Exposure also depends on hand-to-mouth

behavior, etc.
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S r_nicro— personal internal
environment| exposure dose
T dust Tdiet, air biomarker
Bedroom
10000
o .-
NO or weak association | ;‘o"‘f
between dust/air PBDE 2 1m0
and counts of putative 3
sources (foam furniture, ; w
electronics) 2 .
§
b
1
] s 10 15 20
#of Furniture Pleces in Room

Hypothesis: Counts of furniture (or electronics) may
not work if there are large differences in PBDE
concentrations between products, i.e., exposure
misclassification
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Limitation: Can’t generally do furniture “biopsies”

X-ray fluorescence (XRF) as surrogate for PBDEs

Detector

Secondary X.ray Photon
Fluorescence

Primary X-ray Photons

X-ray Tube

Strengths: rapid, noninvasive detection of bromine

Weakness: can’t distinguish PBDEs from other Br
compounds, penetrates ~ 1 cm

Validation: compare foam & electronics samples using
XRF & GC-MS

XRF - Br (mgig)

Allen et al 2008
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XRF: Standardized sampling protocol Br Concentrations in Consumer Products (ppm)

n| mean | median
TVs 241137206 | 144100
DVD,VCR... | 36| 31979| 14584

All foam furniture &
electronics in rooms

3 readings per sub-item

(e.g., TV back) computers | 19 3324 268
couch 16 532 33
10 seconds per reading -
chair 45| 3451 32
Measure surface area & mattress 20 135 8

volume of sub-items

R R Allen et al 2008
TVs: highest; backs least variable

For many products, high variation
Couches & mattresses generally low

Boston (may be different in CA?) %

XRF greatly improves ability to predict penta in dust o .
Statistical analysis indicates:

counts XRF Penta in dust related primarily to
Main Living Area Sein Living Ares foam furniture containing Br
10000 r=-029 0 =049
~Et 1000 p=032 § s p=003 ..
é 00 a,' 1: PR : z ...
§ 10 E wi ¢ Deca in dust related primarily to TVs
: containing Br
3 0 s 0 15 2 (] 1 L) 100 1000
#of Furnitur Piecas in Room R The deca-TV association is strongest
Allen et al 2008 in homes with more residents, a

possible indicator of use

also for deca vs. electronics 2

How are PBDEs getting out of products? Overview
. micro- personal internal
sources environment| exposure dose
- Review of our studies over the last 6 years
products dust
(via XRF) room air
- Summary & thoughts
\ . J
Vv~

= volatilization (e.g., from hot TVs) ?
= partitioning from plastic to dust ?

= physical weathering (e.g., abrasion) ?

Chamber experiments have so far provided some results for penta,
little data for deca 30
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Penta: levels in dust related to products
exposure via diet and indoor environment (dust?)

sources peeeedl micro- personal internal
environment exposure dose
products dust hand wipe b biomarker
(via XRF) room air pers. air

diet

g -

-

Deca: less well understood

micro-
environment

personal e internal

P
exposure dose

sources  feec P

products dust
(via XRF) room air

hand wipe
pers. air

¢

N

= Dust a likely route of exposure,
not yet tied to body burden

= How is deca getting out of the product? 32

Déja vu all over again?

Use of PBDEs as fire retardants

penta* furniture (polyurethane foam) >
octa* electrical hard plastic
deca TV/computer plastic,

textiles (carpets, draperies)

* No longer manufactured in the US or EU, but
still found everywhere. Deca under presure. 33

o Decabromodiphenyl!
ethane

Stapleton et al 2008

Kellyn Betts--Environ Sci Technol

December 3, 2008

Glut of data on “new” flame retardant
documents its presence all over the world

Now that DBDPE has been detected in
more than a dozen species of animals in

Asia and North America, scientists are
calling for more research into its

" =,
e toxicology.

Unknown peaks in chromatographs of house dust...

After a lot of work:
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a main replacement for pentaBDE

——
Chemtura MATERIAL SAFETY DATA SHEET
N—-

MSDS Number: 00896 Effective Date: 06202006

Product Name: FIREMASTER" $50 Page: 108

e e ST T —]

Sapplier Clhestua USA Conprmaton

Address 199 Bessom Rod Ciyr Moddebay

Seare: C Zp: 04T

Funwr gracy Telephose Number: 1-800.900.2167

Lafermatien Telephene Nuwher 17654906100 Tan 145497612
Chatres Pooor: 15004349300, nternativaslly call 703-527.4887

Lffective Dave: 06202006 Date 12808
AISDS Prepared By Chemara Prodkact Sadeey Grop

5

[N ——

Jrra—
o it Chamiet Cogrmsien, A Chamts Compeny

Were Lafayerm, Indizns $7996-2200

36




SECTION 11 - COMPOSITION/INFORMATION ON INGREDIENTS

ENCREDENT NAME CASNO. D) LXTOSRE LOGTS
Conponest I © ww

Tria! phosphose, ™ M-8 | Y Clasdow
isopropylated St wimd (OSHA PEL THA)

Nor wtabiched (OSHA PEL STEL)
Not exablded (OSHA PEL CEIL)
Not eumshindad (ACGIH TLV TWA)
Not estabizhed (ACGD! TLV STEL)
Not astabicbed (ACGIH TLV CELL)

Trpbecr phacghate 115856 624 | N Claz
\..-1 (OSHA PFL TWA)

(OSHA FEL STEL)

ok easihod OBHA FEL CEELY
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£
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<(....A IS .60 ) ¥ Qlarmden)
\uub_)-!«o&.Aiﬁ.‘\h\:

¥ u.b..»moﬂuru Cex)

Nt bbb (ACGOH TL CHLL)

TS=Trade secret

Firemaster 550 -> Firemaster 600

A treadmill of new BFRs may help the careers of
environmental scientists, but is this good policy for
fire safety / environmental health?
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Penta & octa bans, but not “going away” ?

Indoor

Mass exposure
iction

nmences Dictary

1 exposure

Magnitude of Exposure

Time (7 years)

(Harrad & Diamond 2006)
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