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Replacement Flame Retardants

Restrictions on the use of Polybrominated biphenyls (PBBs) &
Ponbromlnated diphenyl ethers (PBDEs)

RoHS: Restriction of Hazardous Substances Directive (EU: PBBs & PBDE)"’
(Br) (Br)x

« Stockholm Convention (POPs: octaBDE & pentaBDE)’
* California Health and Safety Code Section 108922 (penta BDE)” PPN
* California Prop 65 (PBBs: cancer & development)’ e Il 2

Organophosphate Flame Retardants (OPFRs)

* California Prop 65°

e Safer Consumer Products:

— A Priority Product is a consumer product that contains one or more chemicals — known
as Candidate Chemicals — that have a hazards trait that can harm people or the
environment.

= Tris(1,3-dichloro-2-proply phosphate (TDCPP) = carcinogen
= Tris(2-chloroethyl) phosphate (TCEP) = carcinogen
= Tris(2,3-dibromopropyl) phosphate = carcinogen



LE(}]SI-J}\TIVE INFORMATION

Senate Bill No. 1019

Upholstered furniture: flame retardant chemicals

 Approved by Governor Brown September 30, 2014
e Effective January 1, 2015

e bill requires labeling to indicate if the product contains flame retardant
chemicals (>1000ppm or 0.1% wt/wt)’

* Fine for Violation
e Citation will be made available to public (www.bearhfti.ca.gov )

> consumers can make an informed decision

e DTSC to assist the BEARHFTI by testing for Flame Retardant Chemicals
e \When manufacture label indicates No added Flame Retardant
Chemicals



NOTICE

THIS ARTICLE MEETS THE
FLAMMABILITY REQUIREMENTS OF
CALIFORNIA BUREAU OF ELECTRONIC
AND APPLIANCE REPAIR, HOME
FURNISHINGS AND THERMAL
INSULATION TECHNICAL BULLETIN
117-2013. CARE SHOULD BE
EXERCISED NEAR OPEN FLAME OR
WITH BURNING CIGARETTES.

The upholstery materials in this product:
contain added flame retardant
chemicals
contain NO added flame retardant
chemicals

The State of California has updated the

flammability standard and determined that

the fire safety requirements for this product
can be met without adding flame retardant
chemicals. The State has identified many
flame retardant chemicals as being known

to, or strongly suspected of, adversely
impacting human health or
development.

www.bearhfti.ca.gov

Label Requirement”
e Furniture manufacture date of
January 1, 2015
e SB 1019 is not retroactive

Technical Bulletin 117
e Furniture (fill materials) to be able to
withstand a small open flame for at
least 12 seconds”
e prevent combustion
e delay spread of fire

NOTICE
THIS ARTICLE MEETS THE FLAMMABILITY
REQUIREMENTS OF CALIFORNIA BUREAU
OF HOME FURNISHINGS TECHNICAL
BULLETIN 117, CARE SHOULD BE
EXERCISED NEAR OPEN FLAME OR WITH
BURNING CIGARETTES

TB 117 Furniture Label from Sofa
Purchased in 2010



@ AccuStandard

Phosphate Flame Retardants (PFRs)

Organophosphate compounds (OPs) are high production volume chemicals. They are utilized as flame and ici i

agents and additives not enly in plastics, but in paints, lubricants and hydraulic fluids as well. The

Compounds of Interest

Analytical Reference Standards

OP compounds like tris(2 f

phosphahe and tris{1,3-dichlore-2-propyl) phasphate are flame retardants used in both flexible and ngid polyurethane foam (2.g. furniture foam, thermal

lation), rubber, textile coati

and home

‘OPs have been detected in mdour air a.nd house dust, surfaca gmunﬂ arld even drinking

Phosphate Flame Retardants (PFRs)

Tri-p-cresyl phosphate
(p-TCP, TPCP, TPTP)

trig(1-Chloro-2-propyl) phosphate
(TCPR)
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bis(2,3-Dibromopropyl) phoshate
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water. Ongoing toxicological studles have shcwn several toxic effects of Ihese P the gical and -
human health of and ic nature. AccuStandard is now provi i g a numbal of PFH: \O\ CAS 5412-250 MFCH, Br,OP MW 497.74
= Matrix Cal. No. Unit
Trimethyl phosphate (TMP) Triisopropyl phosphate (TIPP, TiPrP) | Ethylhexyl diphenyl phospt CAS 78-32.0 MF C,H,O,F MW 358.36 CAS 13674.84-5 MF CH CLO.P MW 327.57 100 pgimL in Toluena | PFRS-0025 |1 mL
"’ )\ i J\ (EOP, DPEHF) Matrix Cat. No. Unit Matrix Cal. No. Unit
e e g O\ A 100 pg/mL in Tolueno  |PFRS0185 |1 mL 100 pg/ml in Toluone | PFRS-0258 |1 ml tris(Trib pentyl) phosph
. \|/ O/ /\[\/\ (TTBNP)
CAS 512-56-1 MFC HOF MW 140.08 > g W
- O, - CAS 513-02-0 MFC.H, OF MW 22423 Tricresyl phosphate (mix of isomers) tris(2-Chloropropyl) phosphate |
Matrix Cat. No. Unit Matrix Cat. No, Unit CAS 1241-94-7 MF G_H, 0P MW 362.40 8 o | e »
100 pg/ml in Toluene | PFRS-0165 |1 mL \ - (TCP, TCrP, TTaP) o
H 100 ppimL inToluone | PFRS-0138 (1 mL Matrix Cat. No. Unit \ o
a L L/
100 pg/mLin Touono | PFRS-007S |1 mL O\ i ﬂ
i o™ ~
Dimathy! phosphate Tributyl phosphate (TBP) ' .
i g tris{2-lsop yl) phe \O— - CAS 19186-57-1 MF G H_Br, 0P MW 1018.46
N T CAS 6145-73-9 MF CH,CLOP MW 327 57 Matrix Cat. No. Unit
L CAS 1330-78-5 MF C,H,,0,F MW 368,36
- s Matrix Cat. No. Unit 100 yg/ml in Toluene | PFRS-029S  [1mL
CAS 813785 MF CHOP MW 126.05 Matrix Cat. No. Unit 100 pgiml inToluone | PFRS-0235 |1 mL
Matrix Cat. No. Unit CAS 126-738 MFC_H_OF MW 26531 \D 100 pg/mL in Toluena | PFRS-0115 1mL "
100 pgéml in Toluene | PFRS-006S imL N V=l
Mot Cat. No. Unit - Tri{3-chloropropyl) ph (TCPP) isopentyl diphosphate (V6)
100 pg/mil in Toluene | PFRS-0095 |1 mL CAS 64532.85.2 MF C,H_O,F MW 452,52 Tri-m-cresyl phosphate
Triethyl phosphate (TEP) Watrix CatNo. |Uni (m-TCP, THTP) PPN NN
il Tripentyl phosphate (TPeP) 100 pg/ml in Toluene | PFRS-0145 imL ) :
P A Py g i
:j e [ e e — = | |
CAS 26248-87-3 MF CH,CLOP MW 327.57 CAS 38051-10-4 MF C,H,,C1,0,P, MW 582.99
CAS 78-40-0 MF C'HI,DIP MW 18216 [] ﬁ - -
- - PN Matrix Cat. No. Unit Matrix Cat. No. Unit
Matrix Cat. No. Unit NN .
; ~ CAS 563-04-2 MFC_H, OP MW 368.36 100 pg/mL inToluene | PFRS-010S |1 mL 100 pgiml in Toluene | PFAS-0038 |1 mL
100 pg/mlin Toluene | PFRS-0125 |1 mL CAS 2528-38-3 MF CH_OF MW 308.39 CAS 29761-21-5 MF C_H, O,F MW 39045
- - z s Matrix Cat. No. Unit
Matrix Cat. Neo. Unit Matrix Cat. No. Unit 100 Lin Tol PFRS.0155 P
mL in Toluana mi i i | h hat [=] i 1 1 nh o )
100 pg/mL inToluene | PFRS-019S | 1 mL 100 pgmL inToluone | PFRS-0088 |1 mlL L tris(1,3-Dichloro-2-propyl) phosp I (diphenyl phc
Diethyl phosphate (mono & di) (TOCPP, TDCF) (RDP)
. tris(2-Buto: hyl) phesphate (TBEP . o .
| tris(2-Ethylhexyl) phosphate (TEHP) | Cresyl diphenyl phosphate (CDP) ( ) ES O ) i e Y
P /I\__/‘\._ : 'i [ =".I\- o o t =]
™ i /\E\./\_ 0\ /_I\ ,G— WW]‘\«’\/"W \(‘\ O’ \O
CAS 538-02-7 MFCH, OF MW 154,10 -~ | -
H,.0, ~ N T
Matrix ot No. it Y " o CAS 57583-54.7 MF G,_H,,0,F, MW 574.45
100 pgimL in Tok FFRS0058  |1mL L CAS 78513 MF C,H, 0P MW 396.47 CAS 13674-87-8 MF CH CLOP MW 430.98 Matrix Cat. No. Unit
n ueng mi
H W CAS 26444-48-5 MF C_H,_OF MW 34031 Matrix Cat. No. Unit Matrix Cal. No. Unit 100 pg/ml in Toluene | PFRS-0305 1 mL
CAS 78-42-2 MF C_H_OF MW 43463 Matrix Cat. No. Unit 100 pg/mL in Toluene | PFRS0225 | 1mL 100 pg'ml inToluone | PFRS-02TS |4 mL
- Matrix Cat. Ne. unit 100 pg/mL in Toluone | PFRS-0045 |1 mL
Trivronvl bhesphats (TPHP T T T
EGI T ik ) 100 pp/mb in Toluene | PFRS-0288 1mL N . N Bi r A L L U £
; - — = tris{2-Chloroethyl) phosphate (TCEP) tris(2,3-Dibromopropyl) phosphate (BADP, BAPP, BPADP, BDP)
e Tr yip P o 5 .
. : i i
Triphenyl phosphate (TPP, TPhP) (e-TCP, TOCP, TOTP) - O\_,I\ -’|‘-’0
i
1 P
CAS 513-086 MFC,H OP MW 22423 P =
Matrix Cat. Ne. Unit \3 D = CAS 5945-33-5 MF CH, OF, MW 69263
CAS 115-96-8 MF C H_CLOP MW 28549 N N
100 pg/mL in Toluone | PFRS0218 |1 mL H.CL0] CAS X Matrix Cat. No, Unit
W CAS 115066 MFC_H,0,P MW 326.28 CAS 8908 MF C,H, 0.7 MW 066.35 ot . - 126:72.7 MF C,H_Br, 0P MW 687 61
" " Matrix Cat. No. Unit 100 pgimL in Toluene | PFRS-0015 1mL
Additional PFRs on Matrix Cat. No. Unit Matrix Cat. No. Unit 100 pgmLinToluone | PFRS0245 |1 mL .
reverse side 100 pgimL in Toluone | PFAS-0205  |1mL 100 pg/mL in Toluone | PEAS-017S |1 mL 100 yg/mL in Tolusne _ | FFRS-0265 1mL

www.accustandard.com/phosphate-flame-retardants/
Reproduced with permission (Accustandard, Inc. New Haven, CT).




GC-MS/MS Settings

Injection Volume 1lul

GC Injector Temperature 250 C

Initial: 90 Hold 1 min

Ramp 1: 15 C/min to 200C hold 3 min
Ramp 2: 5 C/min to 250C

Ramp 3: 15 C/min to 300C hold 6 min

GC Oven Program

GC Column DB-5ms 30m x 250um x 0.25um

Transferline Temperature 280 C

MS Source El

Source Temperature 250 C

Collision Cell Gases 1.5 psi Nitrogen Collision & 2.25 Helium Quench

Quadrupole Temperature 150CQ1 & 150 CQ2



Agilent 7000 Triple Quadrupole GC-MS System
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Dust and Foam Sample analysis by both GC-MS & GC-MS/MS



GC-MS MRM Transitions Table

Quantifier Qualifier
Compound Abbreviation Compound Name RT Precursor | Product CE Precursor | Product CE
dTnPP Tri-propyl phosphate-d,; 5.994 151.1 103.1 5 199.2 103.1
TnPP Tri-propyl phosphate 6.145 141.1 99 5 183.2 99
dTnBP Tri-n-butyl phosphate-d,; 8.200 167.4 103 5 231.4 103 10
TnBP Tri-n-butyl phosphate 8.340 155.3 99 5 211.4 99 5
dTCEP Tris(2-chloroethyl) phosphate-d;, 9.235 261.3 196.1 5 261.3 131 10
TCEP Tris(2-chloroethyl) phosphate 9.340 249.3 124.9 10 249.3 186.9 5
dTCPP Tris(2-chloroisopropyl) phosphate-dig 9.536 293.3 131 10 295.3 131.1 10
TCPP Tris(1-chloro-2-propyl) phosphate 9.675 277.4 124.9 5 279.4 125 5
dTDCPP Tris(1,3-dichloro-2-propyl) phosphate-d;s 17.430 394.3 164.1 15 396.3 164.1 15
TDCPP Tris(1,3-dichloro-2-propyl) phosphate 17.691 381.2 159 15 383.2 159 15
dTPhP Triphenyl phosphate-di5 18.792 341.5 223.1 30 341.5 178.1 35
TPhP Triphenyl phosphate 18.930 326.4 215 25 326.4 169 30
TBEP Tris(2-butoxyethyl) phosphate 19.160 199 101.1 5 299.2 199.1 5
TEHP Tris(2-ethylhexyl) phosphate 19.998 210.9 98.9 5 323.2 98.9 5
o-TCP Tri-o-cresyl-phosphate 21.724 368.2 181.1 10 368.2 165.1 25
m-TCP Tri-m-cresyl-phosphate 22.597 368.2 165.1 25 368.2 261.1 10
p-TCP Tri-p-cresyl-phosphate 23.513 368.2 198.1 15 368.2 261.1 10
PCB20SL PCB209SL 24.515 509.8 437.8 40 509.8 439.6 40
TDBPP Tris(2,3-dibromopropyl) phosphate 25.896 216.8 137 5 218.8 137 5
M R M Tra n SitiO n s Collision Gas (N2 or Ar)
e Standards ——D (05— ° 1
e MS1 Scan > Retention Time & Precursor lon D OQ“ n)>)) m@mf) - L 4
e MS2 ->Product lon Scan lon Source Quad1  Hexapole Quad 2 Detector
¢ MSMS = CE Optimization oot o P e e
* 6 Labelled Compounds “parent” ion “daughter”

12 Native

www.agilent.com

ions
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5.4+
5.2+

4.8
461
4.4
421

3.8+
3.6+
3.4+
3.2+

2.8+
2.6+
2.4+
2.2+

1.8+
1.6+
1.4-
1.2+

0.8
0.6
0.4+
0.2+

Reference Standard

TBEP, TDBPP and TEHP

Insource fragmentation w/high number of MS1 Fragments = lower abundance per fragment
Inlet breakdown w/multiple breakdown products, tris & bis(2-ethylhexyl) phosphate & cyclic /alkyl products

+EI TIC MRM (** -> **) Ref_Stnd.d
1 2 3 5/6 7 9 910 1011 11
ThBP
A TCEP
TnBP _dTCPP
| 4rdp TPhP
K i ToTP
MGTBEP
TCPP
- TBEP
dTPHP |
: TEHP
i TpTP
TmTP
TDCPP
! PCB209L
PP dTDCPP‘ y TDBPP
H WL (IR &
3 8 10 11 17 18 19 20 22 24 25 26 27 28 29
Counts vs. Acquisition Time (min)
e 250 pg/uL alkyl, 500 pg/uL chlorinated, 1000 pg/uL TBEP & TDBPP, 2000 pg/uL TEHP
o TPP not included in initial standards
o

10



DUST SRM 2585

Investigate the feasibility of OPFR analysis by Sonication Assisted
Solvent Extraction followed by GC-MSMS

SRM 2585 Organic Contaminants in House Dust*

— Dust collected from homes and commercial sources (cleaning services,
motels & hotels)

* Vacuum cleaner Bags

North Carolina, Maryland, Ohio, New Jersey, Montana & Wisconsin (1993-94)
— Certified Concentration Values:

FTANT

£LT £ "}‘!'Mlh ;

33 polycyclic aromatic hydrocarbons (PAHs)

'=12585
* 30 polychlorinated biphenyls congeners (PCB) = EJE;::;"HE
* 4 chlorinated pesticides :‘: House Dust

15 polybrominated diphenyl ether congeners (PBDE)
— 3 -5000 ug/Kg (ppb) certified analyte conc. range

— Additional 58 reference conc. values + 9 information conc.. Values

e No certification for OPFRs

11



SRM 2585 - Primary & Secondary Extraction

50 mg SRM - Vortex/Sonication/Centrifuge = Evaporation = Florisil Column = Evaporation 2 QqQ
‘ 2" Extraction SRM & Na,SO,

Vortex/Sonication/Centrifuge = Evaporation = Florisil Column - Evaporation 2 QqQ

12



Full Scan SRM 2585

x10 10 |+EI TIC Scan Sonication_SRM_3.d
1.2
1154 100
1.1 \—\—
1.054 Vs
1
0.954
oo ¥ % 0
0.85- 126 j
100
0.8 199 e =
0.754 153 ‘% 299
o JddndBiRL T, L T ) £l
80 100 120 140 16D 180 200 220 240 260 280 300 320 340 36D 380 400
0651 urit) Bhanal 2butoxy- phosphate (3:1)
0.6
0.55-
054
Background Subtract Peak
0459 ‘ *19.589 TBEP
0.4 p
0.35-
0.3
0.251
0.2
0.151
0.1
07 T T T T T T T T T T T T T T T T T T T T T T T T T T
3 4 5 6 7 8 9 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Counts vs. Acquisition Time (min)
: °
ml R 652 729 824 Ethanal, 2-butaxy-, phosphate (3:1) 5 0 m g S R M 2 5 8 5
me R 646 7. 824 Ethanal, 2-butaxy-, phosphate (3:1)
m? R 618 752 824 Ethanol 2butoy-, phosphate (3:1) ® MS]_ Scan (80-550) of SRM 2585
mtd M 609 688 824 Ethanal, 2-butaxy-, phosphate (3:1)
5 0M 115 576 04 Morphinan-3-ol-bone, 4,5epoxy-Niomyl-, (Saf
E M 529 545 1.84 Ruthenium, 1,3butadiene-1,4-dicarboxylic acid, diethyl estertricarbom)
7 M 514 537 111 Morphinan-6-one, Nfomyl-4-methaxy-
@mE M 507 555 085  3Cyclopentens-1 2-dicarbanyiic acid, Atrimethylsiyloxy-, disthyl ester, ° H ( _b h |) h h ( ) _ d d H
R Tris (2-butoxyethyl) phosphate (TBEP etected in
m10 R 503 518 0.7 Metopan H H d |
SR M9 N6 04 Hdeesdone Sonication SRM dust sample
2 M 484 454 0.36 {5Alpha)-7 B-didehydro-4, 5-eposy-3-methaxy-17-methylmorphinan-14-ol . .
1M 481 57 032 E-Methyl-2-oxo-4-{Hrflucromethylphenyl}-1,.2.3 Aetrahydro-pyrimidine — Retention Time 19.5
4 M 480 493 0.31 Morphinan-6-one, 4,5-epoxy-2-methaxy-N-methyl-, (5a- . . . .
15 M 478 52 028 FyidneJcarbonirie, 1 2dhydro--455 Tershydro benzothien-2y1 — NIST Library probability ~ 82.4% with background subtraction
°

— Use MRM method

Other analytes are difficult to detect with Scan

13
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2.4+
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GC-MS/MS SRM 2585

2|3 3l4
dTCEP A dTCPP
% TCEP '
TnBP ,
| / Tcpp
daThBP | 1/
} "‘
A 'L Ut‘ L iL‘ A

415 5|6 6|7 718
TBEP
TPhP
dTPhP
TDCPP A
dTDCPP N N TEHP
., " N :“ H
2 A ML %

|

TmTP

TpTP

1" ih|

PCB209L

12

SRM

“Ref. Stnd.

TDBPP

65 7 75 8 85 9 95 10 105 11 11.5 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27

Counts vs. Acquisition Time (min)

e SRM 2585 matrix background is reduced
* Native analytes and Standards detected

e TBP, TCEP TCPP, TDCPP, TPhP, TBEP & TEHP

14



x10 2

1.154

1.1

1.05+

0.95+

0.9+

0.85+

0.8+

0.75+

0.7+

0.65+

0.6

0.55+

0.5+

0.45+

0.4+

0.35+

0.3+

0.25+

0.2+

0.15+

0.1+

0.05+

Other Background Sources

+EI TIC Scan Sonication_Matrix_Spike_1.d

“SRM
=Matrix Spike
=Ref. Stnd.

“lsooctane

|

|

9 1 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Counts (%) vs. Acquisition Time (min)

— Matrix — Dust Primary Contributor

e Instrumentation - Extraction Secondary Contribution

e Peaks at 16 and 19.5 minutes from Florisil
— Wash Florisil with Hexane:Acetone and Bake at 500C, store at 150C

15



Background Contributions

+EI TIC MRM (** -> **) Method_Blank_3.d
5-

dTPhP

=== Method Blank w

Background
m/z 201->103.2
m/z 199->101.1

TDCPP Background
dTDCPP '

M6TBEP

169 17 171 172 173 174 175 176 177 178 179 18 181 182 183 184 185 186 187 188 189 19 191 192 193 194 195
Counts vs. Acquisition Time (min)

e TDCPP - Lab background / equipment, difficult to eliminate

e Blank correct final results

e  Florisil background at 18.95 min (TBEP RT 19.16) and matching transition

- Wash Florisil with Hexane:Acetone / bake at 500C before use = Background is reduced
— Retention time window is different (post solvent rinse overlap is eliminated)
— lon Qual/Quant ratio to authenticate
» Post solvent wash contaminate < 8% abundance of TBEP dust
— Method Blanks

16



Second Extraction Cycle SRM

x10 5 |+EI TIC MRM (** -> **) SRM_1_EX2.d

26 1]2 2(3 3|4 4|5 5(6 6|7 7|8 8|9 9|10 10|11 1112

2.5
241 . TBEP

2a] ===SRM 2" Extraction
2.2

2.1+

1.9
1.8
174
164 TCEP
154
144
134
124
114

TPhP + Background

0.9+

081 ThBP : TCPP ‘-.\ 5 PCB209L

0.7 TDCPP + Background

061
0.5+
0.4+

0.3

0.2

) NG A vy A || 8

35 4 45 5 55 6 65 7 75 8 85 9O 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26
Counts vs. Acquisition Time (min)

e 2™ Extraction Cycle for SRM

— Note that all compounds not Extracted are Native = indicating some level of binding/mass transfer process

— Surrogate (labelled compounds) are completely transferred in primary Extraction = indicating limited/no
binding/mass transfer process
17



2"d Extraction Cycle SRM

x10 8 |+EI TIC MRM (** -> **) SRM_1_EX2.d
5.4+ 3)4 4|5 5l6 6|7

5.2

o ===SRM Primary Extraction
“ ===SRM 2" Extraction
3.8+
3.6 ‘
o |

2.8+ ‘

26 ‘
244
224

1.8
1.6
1.4+

2] TPhP + Background | |

TDCPP + Background |

95 10 105 1 15 12 125 13 135 14 145 15 155 16 16.5 17 17.5 18 185
Counts vs. Acquisition Time (min)

TBP 9.7
TCEP 17.5
TCPP 14.5

TDCPP 9.3
TPhP 3.8

TBEP 5.8



Additional Method Development Experiments

ASE Comparison
Florisil Background
e 500C bake, solvent rinse & MF

Extraction Tubes
e 500C bake, solvent rinse & MF
Solvent miscibility of standards

Test for Extraction Efficiency based on 3 cycles
— Increase sonication time/additional cycle
Recovery of low boilers
— Eliminate evaporation to dryness steps
* High volatility of low boilers (TBP, TPP, TCEP, TCPP)

Test for loss of analytes during fractionation
* Hexane fraction was tested and no lose of analytes observed

Retention of analytes on Florisil
* Additional ethyl acetate eluent added to Florisil column, showed no retention

Investigation of low responding compounds
e TDBPP for break down (single RT & multiple fragments in MS1 scan)

e TEHP for break down (multiple RT (cyclization of alkyl groups, BEHP & TEHP and
multiple fragments in MS1 scan)

e TBEP for break down (single RT and multiple fragments in MS1 scan)
— Checked different Transitions pairs for increased detection

19



Surrogate Recovery

dTBP 34.99 5.8 0.2 6. 106.7 18.04
dTCEP 50.78 5.26 59.4 10.3 92.6 3.65
dTCPP 54.80 13.24 68.0 11.7 92.3 5.52
dTDCPP 89.52 1.23 100.4 7.0 152.6 16.96
dTPhP 107.47 0.99 116.6 2.0 149.0 6.92

* Higher recovery for SRM
* Lower Recovery for Na,SO, Spiked MB and MS
e SRM acts as keeper
e Evaporation to 100ulL rather than dryness
 Showed 30-40% increase in recovery

%recovery = [(MB/PCB209L)/(Ref.Stnd./PCB209L)]*100
%average recovery is over three replicates for each of MB, MS and SRM



Mean value (Standard Deviation) of OPFRs Measured in

TEP
TBP
TCEP
TCPP
TDCPP
TPhP
TBEP
TEHP
o-TCP
m-TCP
p-TCP

TDBPP

610 (77)

457 (9)
880 (11)
973 (50)
1125 (50)
599 (54)
1858 (83)
4608 (504)
782 (15)
1129 (40)
1022 (97)

1104 (97)

TPRP g s TPRP ¢
dTPRPp ey dTPRPopy

[Conc. rpyp gefsal ~ [Conc.rpyp spul

492 124
492 93
984 89
984 99
984 114
984 61
1969 94
3937 117
984 79
984 115
984 104
1969 56

[Conc. rgyp pepsal  [CONC. ppypspu]

Matrix Spike

21



Mean value (Stdev) of OPFRs Measured in SRM 2585
Comparison to Reference Literature

This Study Bergh et al.” Van den Eede et al.8 Van den Eede et al.? Fan et al. 10
Analyte Avg (ug/g)  Stdev(ug/g)  Avg(ug/g)  Stdev(ug/g)  Avg(ug/g)  Stdev(ug/g)  Avg(ug/g)  Stdev(ug/g)  Avg(ug/g)  Stdev (ug/g)
TBP 0.24 0.04 0.19 0.02 0.19 0.01 0.18 0.02 0.24 0.04
TCEP 1.25 0.02 0.84 0.06 0.68 0.06 0.70 0.17 0.88 0.12
TCPP 1.24 0.07 0.88 0.14 0.86 0.07 0.82 0.10 1.00 0.15
TDCPP 2.15 0.06 2.30 0.28 3.18 0.07 2.02 0.26 2.30 0.16
TPhP 1.01 0.07 1.10 0.10 1.16 0.14 0.99 0.07 0.92 0.13
TBEP 63.66 0.40 82.00 6.50 63.00 0.20 49.00 9.60 83.00 6.90
TEHP 0.47 0.02 0.37 0.04 - - - - - -
TCP* 0.13 0.01 0.74 0.11 1.140 0.030 1.070 0.110 0.710 0.080
TDBPP 0.17 0.08 - - - - - - -

*Includes Ortho, Para and Meta Isomers

Ref. Lit. Comparison

90.0
80.0
70.0
— 60.0 M Current Study
g- 50.0
oy .
» M Bergh (7)
o 40.0
Van den Eede (8)
30.0
H Van den Eede (9)
20.0
10.0 M Fan (10)
0.0 - —

TBP  TCEP TCPP TDCPP TPhP TBEP TEHP TCP* TDBPP
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Mean value (Stdev) of OPFRs Measured in SRM 2585

ug/g [ppm]

3.50

3.00

2.50

2.00

1.50

1.00

0.50 -

0.00 -

Comparison to Reference Literature

Ref. Lit. Comparison (w/o TBEP)

TBP

TCEP TCPP TDCPP TPhP TEHP TCP*

TCEP & TCPP are higher than Ref. Lit. values
TCP is lower than Ref. Lit. values

Method Changes tighten up results

TDBPP

M Current Study

M Bergh (7)

™ Van den Eede (8)

H Van den Eede (9)

® Fan (10)
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Department of Consumer Affairs : :
Bureau of Electronic and Appliance Repair,

Home Furnishings and Thermal Insulation

e Five Samples from (BEARHFTI)

— Visual inspection for color, adhesive, mixture of
different types of foam (homogeneity)

e Sample Screening

— Extract 50 mg foam with 10 mL DCM

— Vortex 1 minute & Sonication for 10 minutes
* Remove liquid layer with pasteur pipette

— Add 100 uL of DCM Foam Extract to 9.9 mL DCM and vortex

* 100x dilution
— Further dilutions maybe needed if high concentration is found
— No dilution of extract (if 100x shows no Flame Retardant)

— Transfer 80 uL of 100x Dilution to GC vial

— (aliquot 80 uL 100x Extract, add 10 ulL IS Surrogate and 10uL PCB209L)

* Analyze on GCMS
— Scan & MRM

24



Physical Appearance
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Sample Screening

P . ) "ih
- @t@.u- |

——> Remove liquid phase with pasteur pipette

Sample A Extract 50 mg foam with 10 mL DCM
* Vortex/Sonication

e Further Testing Required to
Test Extraction Efficiency

b . :
! Y X XL A
26 Final GC Vial Dilution 125x 80 ul 100x Extract + 10 uL IS Surrogate + 10uL PCB209L



Sample C, D, & E Duplicate Extracts

Sample E

— multi component foam/compressed together or
adhesive?

e Cloth, Fibers, plastic mesh, different color foam
— Possibly recycled material

— Difficulty in sampling heterogeneous foam sample
» Extract for Sample and Duplicate have different color

* Increased sample size to 200 mg
— increasing sample size may decrease sample variability

27




MRM - Foam Samples A & B

2741 1|2 2|3 3|4 4|5 5/6 6|7 7(8 819 9(10 1011

2.6+
2.5+

241 ==Method Blank

234
dTCEP
2.2+

21 ===Foam Sample A
% ~dTCPP

o ===Foam Sample B
1.7+
1.6 dTnBP

154 .

1.4+
1.3
1.2

114 | PCB209L

0.9+
0.8+
0.7+
0.6
0.5 dTPhP
041 dTDCPP

0.3 H
0.2

041: k‘quju ‘ ’

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Counts vs. Acquisition Time (min)

MRM & Scan of Foam Samples A & B show no evidence for select OPFRs
e 125x(n=2), 1.25x (n=1)
e Overlaid with Na,SO, method blank (n=2)



Foam Sample C — unknown analysis

x10 8

1.1
1.075+
1.054
1.025+

0.975
0.95
0.925+ PBDE Penta Bromo
0.9 PBDE Penta Bromo
0.875
0.85- "
0.825- PBDE Tetra Bromo
0.8 4
0.775- =Method Blank
0.75-
0.725- i
0.7 A
0675 ==Foam Sample C
0.65
0.625
0.6 '
0.575
0.55 |
0.525
0.54 \
0.475 ‘
0.45+ TPhP “
0.425 \

it bbb e il O b nen
Al ,«u,«‘h‘w\n"\“‘”“"u’u‘f‘w‘\"""‘m\‘»i-“5«‘“*‘; L
fiirrad |

0.375- '\
0.35- 5 ‘
0.325 "-\ ‘ “ i P
0.3 '\\‘ I | ,Mw \
0.275- K ‘ ‘ J\u ¥
0.25- !
0.225-

0.2 | ‘w ” (F“M
0.175 | \ \ /W
0.15 ‘ |

0.125- i

0l

s

0.0751 A o
0.05 !

0.025+

ke ()
RSy : A el A WMW YA RN
g ARem iVt AN R PVERIASEL et YNl AN s N 7S A e sl e R r

17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27 275 28
Counts vs. Acquisition Time (min)

e TPhP Full Scan NIST Library - TPhP 91.6% Probability
 PBDE (Tetra and Penta also detected, NIST Probability)

e 76.0% PBDE (Tetra Bromo), 54.4% & 66.7% PBDE (Penta Bromo)
29




Sample C—Unknown NIST Data
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e 55% PBDE (Penta Bromo) e 66.7% PBDE (Penta Bromo)
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x10 4

2.6+
2.5+
2.4+
2.3+
2.2
2.1+

1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1

0.9+
0.8+
0.7
0.6
0.5+
0.4+
0.3
0.2+
0.1+

Foam Sample C

+EI TIC MRM (** -> **) Blank_DCM_Foam_A_MRM.d

1 1|2 2[3 34 45 56 6|7 7 8o oft0 1011 1
P N *=Method Blank
V8
*=Foam Sample C
dTnBP
dTCPP
PCB209L
dTPhP
dTDCPP
l\_m_‘___._‘_l\..'\.k #
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27 28 29 30

Foam Sample C
e TPhP detected

e MRM - 125x dilution of Foam DCM Extract (n=2)

Counts vs. Acquisition Time (min)

e 10965 ug/g foam (1.1% TPhP)
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POPs QqQ PBDE Method — Sample C

x10 5 |+EI TIC MRM (** -> **) Cal_Stnd_BDE_5_update_RT.d

4.4

421 BDE-99
=PBDE Stnd.

3.84

3.6+

34 =Foam Sample C

3.2+

2.8+

261 BDE-47

2.4+

2.2

BDE-99 & BDE-99L | PCB209L

2] BDE-100

. | i BDE-85 -
. -., BDE-28 & BDE-28L BDEL47 & BDE-47L Lo s N i ; BDE-{153 & BDE-153L , BPE-183

0.6 y
BDE-154 & BDE-154L /

0.4 W |

ol | il )(\ A A ¢

155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27 275 28 285 29 205 30
Counts vs. Acquisition Time (min)
Foam Sample C

e BDE-47, BDE-100 BDE-99

e Compares well with composition of commercial technical mixture
*  PBDE MRM Method - 125x dilution of Foam DCM Extract

e 67705 ug/g foam (6.7% PBDE)



x10 8

3.3
3.2+
3.1+

2.9+
2.8
2.7+
2.6+
2.5
2.4+
2.3+
2.2
2.1+

1.9+
1.8+
1.7+
1.6
1.5
1.4+
1.3+
1.2+
1.1+

0.9+
0.8
0.7
0.6
0.5
0.4+
0.3
0.2
0.1+

+EI TIC MRM (** -> **) Blank_DCM_Foam A _MRM.d
1 112 2(3 3|4 4|5 5(6 6|7 7 8|9 9(10 10|11 11
/ ==Method Blank
==Foam Sample D
dTCEP dTDCPP
dTnBP \ dTCPP I TPhP
\ / PCB209L
/
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Foam Sample D

Counts vs. Acquisition Time (min)

e TCEP detected (dwarfs IS peaks)

e Full Scan NIST Library Match 90.1 %
e MRM - 125x dilution of Foam DCM Extract
—500x Dilution 81054 ug/g foam (8.1 % TCEP)
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Sample D — NIST Match
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sol 143 2 25 10 o
: = m
L - 125
N Hames )\ Structures / Spec List - L ‘ 161 187 25
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1
1004 s 243
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@2 R 691 700 90.1  TaRchloroethyl) phosphate | 25 1
@ M 624 638 901 Ta(2chloroethyl) phosphate 1004 & 249
4 M 503 524 050 (JOiw-dey-l'IanamZﬂMm E k& -
@5 R 501 552 083  2{2Cn 2 P 50 60 n 80 50 100 10 120 130 140 150 160 170 180 190 200 210 220 20 240 250 20 280 230
@ M 459 469 083 2020 bis2 & a0 (53229 78 . 7 Soane] Foa D15 o oI G = 7
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8 M 455 457 015 Dy y 3 Dt TCA
@9 M 453 490 [RES HIG Héhydrory 2 0 143 | 4 Fyrol CEF
@20 R 452 538 013 Acetomide. N{4bromo-2<hiorophenyl) 0. SNa;I:aneRdada-le
21 M 452 518 013 Pyridazin-3(2H)-one, 5-chioro-4-dimethylamino-2-pheny! a
@2 R a6 &0 013 Acetamide, N{tbromo-2chlorophem) o {100 Sorsidl st
2 M 451 556 012 79~Mium5muh1bmvb[‘l2e§qudr= 9 Trs @ chioroetmy) phosphate
%M 450 465 012 Slane, dmethyl(3 S<ichiorophencxy 117125 3 10 Trsichloroethyl)
@35 R 448 560 011  Benzenamine, 2.4dbromo- 11.Tris(2-chioroethyl) othophosphate:
% M @7 53 010 Pydine, 35dbromo-2metii- 161 187 - 12Tz ctioroettf}phoghes
@7 M a7 497 0.10 trans-3-Hydroxycotinine tms. 8
B M 47 465 010 2T 434 i} methyt 77] Y [ 1w || 8 | | h I 15 Phosphoric acid.tis(2<chloroethyl) ester
B M a6 507 010 Naphthalene, 1-bomo-Snitro- o It I L L | Trchioreti
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< 3 | b replb) Tr{2chloroethyl) phosphate af E. | ¥
Hames £_Stoctures TnLib = 151, RILLISt |\ PlotText of Hit _Fict of At
Lb Search | OtherSearch |  Names | Compae | Lbrin |  mMsws |

TCEP Full Scan NIST Library Match 90.1 %
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+EI TIC MRM (** -> **) Blank_DCM_Foam_A_MRM.d
ML 1)2 213 34 45 5(6 6|7 718 8o 910 10|11 1
TDCPP
g ==Method Blank
==Foam Sample E
TCPP
dTCPP
dTCEP
— dTDCPP
dTnBP
| dTPhP _pCB209L
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Counts vs. Acquisition Time (min)

Foam Sample E
e TPhP & TCPP detected, Full Scan Library Match TCPP 62.9% & TDCPP 75.5%
e MRM - 125x dilution of Foam DCM Extract
—500x dilution 23481 ug/g foam & 31545 ug/g foam (E1 2.35 % & E2 3.16%)
e 200 mg Foam Sample to decrease sample variability
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{E] NIST MS Search 20 -

Sample E — NIST Library Match TCPP
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Sample E — NIST Library Match TDCPP

!Bfile Search View Tools Options Window Help = (-] x
[ mraLERED~+?

[Golp<3 #Iﬁi |1. +EI Scan (17.717-17.782 min. 135c¢j§| @ aa
TScan (1771717, . [12(A) +E1 Scan (9677971 3(1) +E1 Scan (98289871 . 4 (L) +E) Scan (96779715 = Name +EI Scan 7717477?2«-".IJM)M_AWE_E_Z_H&_SWD
el 361 o BTN, -3 93368 Somn $138 Soan Sl % VL. N/A D 443 DB TextFle
1D iargest poaks:
759591 99844) 191605) 209434 76402
193384| 77334] 1003041 2112821 381273
1 Synonyms:
¥ | ? ? %
\_Names )\ Structures / Spec List
ainib; replb; 243893 total specira
1 60 S0 120 150 180 210 240 270 300 330 360 3%
(Text Fie) £1 Scan (17.717:17782mn. 13 Scang) Foam,_AY01622.E 2,125 ScanD
R
100{ L] %
19
1 504 209
900 800 600 500 57 m 7 L | 303 x
1000 51 7 e267 7 31 96 N 18 W |, 173 185 il il 2_% 247 %9 Zi_lﬁ ) U5 357363 1hi, 393398
T ) + + T
5 o 575157 %1 87 83 By 137 “lﬁ 731 |[ F 247 29 03 357 }é' 393 3
) 504 209
191
9
1004 .,5
. S0 60 70 80 9 100 190 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 30 380 30 400 410
& <ET Scan (T7.717-17.782 mn, 13 Scans) Foam_ATU1be2 E_2_l2w_scanD | to =7 =783 ~ ns(l..
LY, Sty e 7 TAGTERTE 6P
7 Tome Trs(1 3dchiorosopropbhosphate -
104 Formula. CgH150604P
MW 428 Exact Mass: 427.883911 CASE: 13674-87.8 NISTE: 229567 |2 41465 DB: maink
Other DBs: TSCA. RTECS. EINECS
Contribwgor; Japan AIST/NIMC Database- Spectrum MS-NW-1628
89 75999 99769] 191546] 209369| 193 352 =
T7319| 492831 392511 2112451 41210 N
005  Benzfelazuen-33aH)one, 4,60,7.8.9,10.108. 10 octal 1Rl FR 2
00¢  22-Subenedamne [ 2 Exmulsion 212
. A1 1 bis(2-acatvl-3 191 a o=F—0 a 3.2-Propancl, 1.3dichloro-, phosphate (3:1)
004 TMethyi2! R ! & Tns(1. 3chchioro-2 propyi) phosphate
004 1458 Dmethancnaphthalen-2ol. 3.5.6.7.8.9 Sheplac 50 | 51.3-Dichloro-2propanol phosphate (3:1)
003 20w a ;;‘yhi!.mwl
g:; Z‘Z%thh'd:‘[ll,mh’wmﬂl i 209 G gF acid tris(1.3-dichloro-2-
2 9T
003 Demethyl 1.4.56.7 7hexachiorobicyclo[2 2 Thept Sen ToToceR
003  Tetradecanoic acid. (3.32.4.62.7.8.9.10.10a. 10bdecat i l1}nﬁﬂ'édiwm;wlbfme
003 E-Amino-2-chioro-Gmethoxy-4methyl-5{Hrluoromethyi 12 Tns{1 <hioromethy. 2 chiorosthyphosphate
003 Teradecanaic 0. (.30 60.7.8.9.10.100.0b deca 57 m 3 i Ll e ol s SO
g-gﬁ Nonanamde. N-{[3meth 2&:-0 K 81 137 - = 303 ISCRP
woside, methyl 24 3 16.CRP fireproofing agent)
w2 54 oL 2 mag fam | 37 E N R
009 LBl sbiaen P ddaraYoarnbmcdeaside te. 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 380 380 400 =
'} ¥ {mainib) Tris(1.3- < | m ] »
InLib = 112, Hit List \m&ﬂﬂﬂi‘" El MJ

| Compae | lbman | msms |

Full Scan NIST Library Match TDCPP 75.5%

37



% Flame Retardant in BEARHFTI Foam Samples

BEARHFTI % OPFR (wt/wt) % PBDE (wt/wt) % Phosphorus (wt/wt) ppm (mg P/kg Foam) XRF
A-AY01618 - 1 [ [
B-AY01619- 1 -1 -1
C-AY01620- 1 1.1% (TPhP) 6'7;‘[);/"_[1263 ‘f’_f 2;4370?9'3? i 0.104[0.15] 1040 [1446] Pg‘:zmcr’];”s
D-AY01621-1 8.1 % (TCEP) - 0.88[0.98] 8800 [9772] Phcﬁg:’;gus
E-AY01622-1  2.36% [0.66 % (TCPP) + 1.7 % (TDCPP)] ; 0.184[0.14] 1840 [1426] Phcflf):z;”s
E-AY01622-2  3.16 % [0.66 % (TCPP) + 2.5 % (TDCPP)] - 0.242[0.20] 2420 [1969] Phcc;jz:ﬁ;us

XRF Results Agree

Screening for the presences of Phosphorus, Chlorine & Bromine
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GCMS & ICP [P] Screening Results Agree

GC-MS/MS & ICP Independent Screening
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2000
O N n i

A B C D E(1) E(2)
BEARHFTI Sample

Additional Work

e Test Multiple Sampling Locations for Variability
e Homogenous and Heterogeneous Samples

e Standard Blank Foam and SRM Foam

e Extraction Efficiency
* Add additional extraction steps to increase extraction efficiency
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Additional Method Development

e Foam - Further Development of Method QC
— Foam Blank & Foam SRM
— Test extraction efficiency & Sample Variability
— Integrate additional OPFRs & PBDEs

e Dust — Finalize Method Changes

e Method Application Goals
— Fire Fighter Occupational Exposure
— California Residential Dust

— Consumer Products

e SB 1019
— Screening Method
— OPFRs & PBDEs
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Questions
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Questions Asked

e Foam

e Year, Density, Source (furniture), does it correspond with
expected use?

Does foam dissolve in DCM?

Any additional compounds detected in the foam samples?
Is the plan to add additional OPFRs and PBDEs to method?
 Why were standards added at end of process.

e Dust

e Comparison with most recent studies, how is it compare?
e Evaporation to dryness and loss of low boilers.



