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Polybrominated diphenyl ethers (PBDESs)
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e 209 possible congeners

e structurally related to PCBs...

e persistent , bioaccumulative, toxic
e semivolatile



Use of PBDEs as flame retardants

Penta furniture (polyurethane foam) ﬁ\ :

mainly used in N. America,
CA & similar regulations

Octa electrical hard plastic
(minor)
Deca TV/computer plastic,

textiles (carpets, draperies)

%0 levels by weight

not chemically bound to the plastic

Penta & Octa manufacturing: US phase-out 2005;
added to Stockholm Convention 2009

Deca phase-out in USA 2013

Large reservoir: continuing exposure



The graph that launched a thousand papers...

PBDE levels in human milk in Sweden (1998)
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Exposure Assessment Paradigm: Source to Disease
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The PBDE story begins in the middle
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Exposure Assessment Paradigm: Source to Disease
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Today: North American context




e How are people exposed? (initial idea)

food*

occupational

* by analogy with PCBs & dioxin, logKow

- numerous studies of food; Wu et al 2007; Fraser et al 2009
7



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

e.g., Stapleton et al 2005

Hypothesis: Indoor environment
--e.g., house dust--may be an
important source of exposure



Indoor environment as an exposure route for PBDEs

micro- ersonal internal
sources P . m— P
environment exposure dose

e Exposure factor approach:
media concentration X exposure factor

dust concentration X dust ingestion

- _J/ g 4
’ ~" '
Representative? Very poorly known,
How & where especially for adults
should we

sample dust? 9



Indoor environment as an exposure route for PBDEs

sources ——p icro- | personal »| internal
environment exposure dose
dust serum,

breast milk

e Empirical (epidemiologic) studies linking boxes:
association of dust concentration & body burden

How & where should we sample dust? -
-poses a potential exposure

misclassification problem 10



Indoor environment as an exposure route for PBDEs
e epidemiologic approach:

PBDEs in
house dust
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Wu et al ES&T 2007



Association of PentaBDE in breast milk & dust
Implies exposure via the indoor environment
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Small; appears not confounded by diet

(replicated in other studies) 12

Wu et al ES&T 2007



How are we exposed indoors?

micro-

sources ——p )
environment

dust

Association with dust
could be confounded
iIf air and dust are
correlated

y

personal | I internal
exposure dose
biomarker

air - inhalation
air - dermal exposure
dust - ingestion

dust - dermal

13



How are we exposed indoors?

sources

micro-
environment

dust, air

personal
exposure

— internal
dose
biomarker

air - dermal exposure

dust - ingestion

dust - dermal

14
Allen et al ES&T 2007



How are we exposed indoors?
Examine another (potential) intermediate step

sources _>env?:ioc:|:1-ent"" ::I')‘zz::é L in:Ieorsneal
dust handwipes serum
N=33 PBDE
detected 100%
median 129 ng
mean 225 ng
range 3-1982 ng

Stapleton et al ES&T 2008

e Can measure PBDEs on hands? (gause+isopropanol)
e Exposure may also depend on behavior 15
e Can we link handwipes to dust & biomarker?



How are we exposed indoors?

Examine another (potential) intermediate step

sources P>

31 adults in Boston, MA
who work in offices
sampled winter 2009

Collected office dust,

handwipe, serum

Watkins et al. EHP 2011

micro- ; personal : internal
environment exposure dose
dust handwipes

serum

16




PentaBDE in serum associated with amounts

in handwipes
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PentaBDE on handwipes are related to:
e concentrations of PentaBDE in dust
 frequency of handwashing
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Watkins et al. EHP 2011



Dust <-> Handwipes <-> Biomarker

I micro- : personal : internal
sources environment exposure dose
dust handwipes blood

air - dermal exposure
dust - ingestion

dust — dermal

reverse causation?
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Which is the most important for exposure?

internal
dose

f

5

L2

20
Watkins et al. ES&T 2012



Study Design -

=  What microenvironment is most important:
office, home or car?

How does indoor environment compare with
diet?

= How do dust, surface wipes & air compare?

« Convenience sample of 31 adults, Boston MA, USA
« Data collected during the winter of 2009

« Healthy non-smokers who worked at least 20
hours/week in office environment

Dust

Dust

Surface wipes

Dust

Surface wipes

Air

Surface wipes

Participant

Serum

Handwipes

Questionnaire

e.g., diet

21




PentaBDEs in Dust (GM, ng/g)

Living
Office Room Bedroom Car
Congener (n=31) (n=31) (n=29) (n=20)
BDE28/33 8 14 10 11

BDE47 697 671 454 765
BDE99 915 647 696 1377
BDE100 195 135 115 189
BDE153 138 65.7 59.0 125

> PentaBDEs 2167 1691 1378 2607

Consistent with more stringent fire regs for offices than homes in Boston

22
Possible upward bias in car sampling

Watkins et al. ES&T 2012



Handwipes collected in office, integrate recent

exposure?
I micro- : personal : internal
sources environment exposure dose
dust handwipes blood

Living Room |
Dust \\\

Bedroom Dust
r=0.39 p=0.04

Office Dust

r=-0.05 p=0.77

> Handwipes

r=0.35 p = 0.06

23
Watkins et al. ES&T 2012



Home > Office: time spent at home, activities?

Sources I micro- : personal : internal
environment exposure dose
dust handwipes blood
vl bis: r=042 p=0.02
V
Bedroom Dust =049 p=0.008 > Ser;:\m
|
|
|

OfficeDust =—-=-=-=-=-=-==="=—="==-—-—-—-—=-—=-===- .

24
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sources ——p MICrO- | personal I internal
environment exposure dose
dust handwipes blood
MLA Dust

r=0.42 p =0.02

\ 4
Bedroom Dust > Handwipes > Serum

r=0.39 p=0.04
r=0.44 p=0.02

r=0.35 p =0.06
Office Dust

25
Suggests doing handwipes in the home (too)



No association between serum & diet (although same
questionnaire as before): Chance? Population? Trend?

Sources I micro- : personal : internal
environment exposure dose
dust handwipes blood
MLA Dust
r=0.42 p =0.02
V
Bedroom Dust > Handwipes > Serum
r=0.39 p=0.04 A
r=0.43 p=0.02
r=0.35 p=0.06"
Office Dust ;
Diet?

26
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= How do dust, surface wipes & air compare?
= What's the best way to collect dust?

Dus
- Hand
Alr «<— < > serum
wipe 00
' re=0.44(p=0.01)
/ rp=0.44 (p=0.02) ®
o
Surface 2 0 . % o
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Handwipes (ng)
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Penta: levels in dust related to products
exposure via diet and indoor environment (dust?)

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

-

28



Phase out of PBDEs: Implications

Penta furniture (polyurethane foam)
mainly used in N. America,
CA & similar regulations

Octa electrical hard plastic
(minor)
Deca TV/computer plastic,

textiles (carpets, draperies)

* phase out manufacture of Penta, Octa in EU & USA: 2005
added to Stockholm Convention 2009
 agreement to phase-out Deca manufacturing in US 2013

« Still large reservoir (exposure for years to decades?)
« What's being used instead?



Main replacements for PentaBDE in USA: now
found in dust at levels comparable to PBDEs

" /\C/\ " 0 Firemaster 550:
. 0 ) BFRs+OPFRs
: \/ﬁ/\/ | (found via unknown

TBPH TBB peaks on chromatogram)

c'\j\ Tris (1,3-dichloro-2-propyl) phosphate
. T 5 TDCPP, “chlorinated tris”
C'/j/ e ¢ used Iin children’s sleepware in 1970s

Cl Cl

Both also found in consumer products,
including baby products

Stapleton et al. ES&T 2008,2009,2011



TDCPP: Metabolism/Elimination

Short half-life (hours to days?)

DCP
1,3-dichloro-2-
propanol
TDCPP 3 =
tris(1,3-dichloro-2- cl

propyl) phosphate
cl ﬁ cl ﬁ cl
G -
cl (') cl (') Cl
Hﬁ (k‘ Measure in urine
¢l cCl cl (Cooper et al 2011)
bis(1,3-dichloro-2-
propyl) phosphate Y,




Some other OPFRs in baby products (Stapleton et al 2011):

cl o
i H
cl
CI\/\ /Fi\o o/T\O/\/
(o}
0 o
Cl Cl

2,2-bis(chloromethyl)propane-1,3-diyl-
tetrakis(2-chloroethyl)bis(phosphate)
\\V6II

Cl

o]
CI\)\ P P\ cl
o o) ‘
(0] (0]
//K cl r

2,2-bis(chloromethyl)propane-1,3-
diyl tetrakis(1-chloropropan-2-yl)

bis(phosphate).
“U-OPFR"

tris(1-chloro-2-propyl) phosphate (TCPP)
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PentaBDE -> FM550, TDCPP + more

The Hydra,



New, poorly known FRs: is this good policy for fire
safety / environmental health?

What are the benefits and risks of FRs?

What are we going to do with the PBDEs (& other
FRs) already out there?

remediate homes & offices ?
ewaste, foam furniture, recycling

new hazardous waste sites?

Indoor to Outdoor?



Conclusions:
Wash your hands!

‘We need a better way to regulate
introduction of new chemicals into commerce.

35



*Allen JG, McClean MD, Stapleton HM, Nelson JW, Webster TF. Personal exposure to polybrominated diphenyl ethers (PBDEs) in
residential indoor air. Environ Sci Technol 2007; 41(13): 4574-4579.

*Allen JG, McClean MD, Stapleton HM, Webster TF. Linking PBDEs in House Dust to Consumer Products using X-ray Fluorescence (XRF).
Environ Sci Technol 2008; 42 (11): 4222-4228

*Allen JG, McClean MD, Stapleton HM, Webster TF. Critical Factors in Assessing Exposure to PBDEs via House Dust. Environ Intern 2008;
34: 1085-1091.

*Cooper EM, Covaci A, van Nuijs ALN, Webster TF, Stapleton HM. Analysis of the flame retardant metabolites bis(1,3-dichloro-2-propyl)
phosphate (BDCPP) and diphenyl phosphate (DPP) in urine using liquid chromatography-tandem mass spectrometry. Analytical and
Bioanalytical Chemistry 2011; 401:2123-2132.

*Fraser AJ, Webster TF, McClean MD. Diet contributes significantly to the body burden of PBDEs in the general U.S. population. Environ
Health Perspect. 2009; 117:1520-1525

eHarrad S, Abdallah M, de Wit C, Ostman C, Bergh C, Covaci A, Darnerud PO, de Boer J, Leonards P, Diamond M, Huber S, Mandalakis M,
Haug L, Thomsen C, Webster T. Indoor contamination with hexachlorocyclododecanes, polybrominated diphenyl ethers, and perfluoroalkyl
compounds: An important exposure pathway? Environ Sci Technol 2010; 4:3221-3231.

Stapleton HM, Kelly SM, Allen JG, McClean MD, Webster TF. Measurement of Polybrominated Diphenyl Ethers on Hand Wipes:
Estimating Exposure from Hand to Mouth Contact. Environ Sci Technol 2008; 42(9): 3329-34.

eStapleton HM, Allen JG, Kelly S, Konstantinov A, Klosterhaus S, Watkins D, Mcclean MD, Webster TF. Alternate and New Brominated
Flame Retardants Detected in US House Dust. Environ Sci Technol 2008; 42 (18), 6910-6.

eStapleton HM, Klosterhaus S, Eagle S, Fuh J, Meeker JD, Blum A, Webster TF. Detection of organophosphate flame retardants in furniture
foam and US house dust. Environ Sci Technol 2009; 43:7490-7495.

Stapleton HM, Klosterhaus S, Keller A, Ferguson PL, van Bergen S, Cooper E, Webster TF, Blum A. Identification of Flame Retardants in
Polyurethane Foam Collected from Baby Products. Environ Sci Technol 2011; 45: 5323-5331.

*Webster TF, Harrad S, Millette JR, Holbrook RD, Davis JM, Stapleton HM, Allen JG, McClean MD, Ibarra C, Abdallah MA, Covaci A.
Identifying transfer mechanisms and sources of decabrominodiphenyl ether (BDE 209) in indoor environments using environmental forensic
microscopy. Environ Sci Technol 2009; 43(9): 3067-3072.

*Watkins DJ, McClean MD, Fraser AJ, Weinberg J, Stapleton HM, Sj6din A, Webster TF. Exposure to PBDEs in the Office Environment:
Evaluating the Relationships Between Dust, Handwipes, and Serum. Environ Health Perspect 2011; 119:1247-1252.

*Watkins D, McClean M, Fraser A, Weinberg J, Stapleton HM, Sjodin A, Webster TF. Impact of Dust from Multiple Microenvironments and
Diet on PentaBDE Body Burden. Environ Sci Technol 2012; 46: 1192-1200.

*Wu N, Herrmann T, Paepke O, Tickner J, Hale R, Harvey E, La Guardia M, McClean MD, Webster TF. Human exposure to PBDEs:
Associations of PBDE body burdens with food consumption and house dust concentrations. Environ Sci Technol 2007; 41(5): 1584-1589.
*Wu N, McClean MD, Brown P, Aschengrau A, Webster TF. Participant Experiences in a Breastmilk Biomonitoring Study. Environmental
Health; 2009, 8:4

36



Acknowledgements:

Heather Mike

Deb Watkins (Brown)
Stapleton McClean Alicia Fraser (Harvard)
(Duke) (BU)
Courtney Walker
Joe Allen (EH&E)
Nerissa Wu (CA DPH) Colleen Makey

Kate Hoffman (UNC)
Jessica Nelson (MN DPH)

@

FlaRE

37
Study RAs & participants

f NIEHS

/ National Institute of Environmental Health Sciences —



Andreas Sjodin (CDC)

Adrian Covaci (University of Antwerp)

David Holbrook & Jeff M. Davis (NIST)

Rob Hale & Mark La Guardia(Virginia Institute of Marine Sciences)
Stuart Harrad & Mohammed Abdallah (University of Birmingham)
Olaf Papke (Ergo-Eurofins)

Cindy de Wit (Stockholm University)

Arlene Blum (GSPI)

Ellen Cooper (Duke)

Miriam Diamond (U of T)

Wendy Heiger-Bernays (Boston University)

Susan Klosterhaus (San Francisco Estuary Institute)
Alex Konstantinov (Wellington Laboratories)

John Little (VA Tech)

John Meeker (University of Michigan)

James Millette (MVA Scientific Consultants)

Joel Tickner (UMass Lowell)

38



