
SI-1 
 

Supporting Information for: 

Flame retardant concentrations are lower in university spaces meeting the new 
furniture flammability standard TB117-2013 
 
Kathryn M. Rodgers1*, Adrian Covaci2, Giulia Poma2, Kristin Knox1, Joseph G. Allen3, Jose Cedeno-
Laurent3, Ruthann A. Rudel1, Robin E. Dodson1  

 
1Silent Spring Institute, 320 Nevada Street, Suite 302 Newton, MA 20460  
2Toxicological Centre, University of Antwerp, Universiteitsplein 1, 2610 Wilrijk-Antwerp, Belgium 
3Harvard T.H. Chan School of Public Health, Boston, MA 02215 

 
*Corresponding author: 
Kathryn M. Rodgers, MPH 
Silent Spring Institute 
320 Nevada Street, Suite 302 
Newton, MA 02460 
617-332-4288 ext. 225 
rodgers@silentspring.org 
 

Contents: 

Additional analytical details 

Table SI1 – Summary statistics of measured FR concentrations (ng/g dust)  

Table SI2 – Dust concentration comparisons to literature values 

Table SI3 – Estimated marginal means (95% confidence intervals) from baseline, adjusted, and post-2004 
adjusted models 

 

 

Figure SI1 – Comparison to SRM 

Figure SI2 – Flame retardant uses and applications 

Analytical Methods 

Materials and reagents 
Solvents used during analysis were all of pesticide grade. n-hexane (Hex) was purchased from Acros 
Organics (Geel, Belgium). Acetone (Ac), dichloromethane (DCM), ethyl acetate (EA), iso-octane and 
methanol (MeOH) were purchased from Merck (Darmstadt, Germany). 

Standards of BDE 28, 47, 85, 99, 100, 153, 154, 183, 196, 197, 203 and 209, α-HBCDD, β-HBCDD, γ-
HBCDD, BTBPE, DBDPE, DBHCTD, EH-TBB, BEH-TEBP, HBB, TBBPA, DBE-DBCH isomers, TBP-AE, TBP-BAE, 
TBP-DBPE, OBTMPI, DP isomers, and labeled internal standards (IS) 13C-BDE 209, 13C-α-HBCDD, 13C-β-
HBCDD, 13C-γ-HBCDD, and 13C-TBBPA were purchased from Wellington Laboratories (Guelph, ON, 
Canada). See Table SI1 for abbreviations and acronyms. 
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Standards of TPHP, TCEP, TEHP, EHDPP, TMP (mixture of 4 isomers), TDBPP and TDCIPP were purchased 
from Chiron AS (Trondheim, Norway). Triamyl phosphate (TAP; IS) was purchased from TCI Europe 
(Zwijndrecht, Belgium). Labeled TPP-d15 (IS) and TBOEP were purchased from Sigma Aldrich. TCPP (2 
isomers) was purchased from Pfaltz & Bauer (Waterbury, CT, USA). Purity of analytical standards was 
>98%, except for TBOEP (>94%). Standard stock solutions were prepared in iso-octane, except for NBFRs 
which were prepared in a mixture of iso-octane:toluene (8:2, v/v).  

Indoor dust SRM 2585 was purchased from the US National Institute of Standards and Technology (NIST, 
Gaithersburg, MD, USA). Silica SPE cartridges (500 mg/3 mL, Bond Elut) were purchased from Agilent, 
while empty polypropylene tubes (3 mL) SPE cartridges and 500 mg/3 mL Supelclean ENVI- Florisil 
cartridges were purchased from Supelco (Bellefonte, PA, USA). Silica gel, anhydrous sodium sulfate 
(Na2SO4), and concentrated sulfuric acid (H2SO4, 98%) were purchased from Merck. The preparation of 
acid impregnated silica (44%, w/w) was carried out as described elsewhere.1 Glass test tubes were 
cleaned by soaking for at least 12 h in an alkali solution (diluted RBS 35, pH 11–12). After washing, the 
tubes were rinsed with water and dried at 100 °C for at least 12 h. The tubes were rinsed with Hex 
before use.  

Sample Preparation 

Due to the very comprehensive list of targeted flame retardants and the large differences in their 
physico-chemical properties, we used two separate sample preparation methods which led to three 
extracts per sample. These extracts were injected in various instruments, according to the expected 
presence of the FR groups.  

Method I (Florisil fractionation) 
The fractionation on Florisil was employed to measure the bulk of BFRs which elute in the first fraction 
(Fraction 1 – F1) and PFRs which elute in the 2nd fraction (Fraction 2 – F2). The method is largely based 
on the method described by Van den Eede et al.2 In detail, a sample aliquot (around 30 mg) was 
accurately weighed and spiked with IS (13C-BDE 209, BDE 77, BDE 128, CB 143, TCEP-d12, TBEP-d6, 
TDCPP-d15, TAP, and TPP-d15). Samples were extracted using 2.5 mL Hex:Ac (3:1 v/v) by a combination 
of vortexing and ultrasonic extraction (2 × 1 min vortex and 5 min ultrasonic extraction) which was 
repeated two times. After each extraction cycle, dust extracts were centrifuged at 3000 rpm for 3 min 
and supernatants were collected and transferred into clean glass tubes. The pooled supernatants were 
evaporated until dryness under a gentle nitrogen flow and redissolved in 1 mL Hex.  

Prior to fractionation, Florisil® cartridges were prewashed with 6 mL of EA and 6 mL Hex. The extracts 
were quantitatively transferred and fractionation was achieved by eluting with 12 mL of Hex:DCM (1:1, 
v/v) (F1) and 10 mL of EA (F2). The 1st fraction (F1) was evaporated until 1 mL and quantitatively 
transferred onto acidified silica 5% cartridges (prewashed with 6 mL Hex) for a second clean-up. The 
target analytes were eluted with 10 mL of Hex:DCM (1:1 v/v), and afterwards evaporated until dryness 
under gentle nitrogen flow and reconstituted in 100 µL of iso-octane. The 2nd fraction (F2), containing 
PFRs, was evaporated until dryness under gentle nitrogen flow and resolubilized in 100 µL of iso-octane.  

Fraction F1, containing PBDEs and NBFRs, was subjected to analysis by GC-ECNI/MS. The 2nd fraction 
(F2), containing PFRs, was subjected to analysis by GC-EI/MS. 

Method II (Silica fractionation) 
In detail, a sample aliquot (typically 30 mg) was accurately weighed and spiked with a mixture 
containing IS (13C-α-, β-, γ-HBCDD, and 13C-TBBPA). Samples were extracted using 2.5 mL Hex-Ac (3:1 v/v) 
by a combination of vortexing and ultrasonic extraction (2 × 1 min vortex and 5 min ultrasonic 
extraction) which was repeated three times. After each extraction cycle, dust extracts were centrifuged 
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at 3000 rpm for 3 min and supernatants were collected and transferred into clean glass tubes. The 
pooled supernatants were evaporated until dryness under a gentle nitrogen flow and redissolved in 1 
mL Hex.  

Prior to fractionation, silica cartridges were topped with 100 mg acid silica (44%) and prewashed with 6 
mL of Hex. The extracts were quantitatively transferred and fractionation was achieved by eluting with 6 
mL of Hex (discarded) and 12 mL of DCM (F3). This fraction contained HBCDDs and TBBPA and was 
resolubilized in 100 µL of methanol and further subjected to LC-MS/MS analysis. 

Chemical Analysis 

GC/ECNI-MS Analysis 

The analysis of F1, containing PBDEs and NBFRs was performed with an Agilent 6890 GC coupled to an 
Agilent 5973 MS operated in electrochemical negative ionization (ECNI) mode. The GC system was 
equipped with electronic pressure control and a programmable-temperature vaporizer (PTV). A volume 
of 2 μL of cleaned extract was injected on a DB-5 column (15 m × 0.25 mm × 0.10 µm) using solvent vent 
injection. The injection temperature was set at 90 °C, hold 0.04 min, ramp 700 °C/min to 295 °C. Vent 
time was 0.02 min and vent flow 75 mL/min. Injection was performed under a pressure of 10 psi until 
1.25 min and purge flow to split vent of 50 mL/min after 1.25 min. The GC temperature program was 90 
°C, hold 1.50 min, ramp 10 °C/min to 300 °C, hold 3 min, ramp 40 °C/min to 310 °C, hold 5 min. Helium 
was used as a carrier gas with a ramped flow rate of 1.0 mL/min until 20 min and then raised to 2.0 
mL/min. The mass spectrometer was employed in selected ion monitoring (SIM) mode, with ions m/z 79 
and 81 monitored the whole run time. For BDE 209, ions m/z 487 and 485 were used, while 13C-BDE 209 
was monitored using ions m/z 495 and 497. Dwell times were set on 35 ms. The ion source, quadrupole 
and interface temperatures were set at 250, 150 and 300 °C, respectively and the electron multiplier 
voltage was at 2200 V. Methane was used as moderating gas.  

GC/EI-MS Analysis 

Analysis of PFRs in fraction F2 was performed with an Agilent 6890 GC coupled to an Agilent 5973 MS 
operated in electron impact ionization (EI) mode. The GC system was equipped with electronic pressure 
control and a programmable-temperature vaporizer (PTV). One μL of purified extract was injected on a 
HT-8 column (25 m × 0.22 mm × 0.25 μm) using cold splitless injection. The injection temperature was 
set at 90 °C, hold 0.03 min, ramp 700 °C/min to 290 °C. Injection was performed using a pressure of 1 
bar until 1.25 min and purge flow to split vent of 50 mL/min after 1.25 min. The GC temperature 
program was 90 °C, hold 1.25 min, ramp 10 °C/min to 240 °C, ramp 20 °C/min to 310 °C, hold 16 min. 
Helium was used as a carrier gas with a flow rate of 1.0 mL/min. The mass spectrometer was run in SIM 
mode. Dwell times ranged between 20 and 30 ms in different acquisition windows. The ion source, 
quadrupole and interface temperatures were set at 230, 150 and 300 °C, respectively, and the electron 
multiplier voltage was at 2200 V. 

LC-MS/MS 
The determination of individual HBCD isomers and TBBPA in the Fraction 3 (silica fractionation) was 
achieved using a dual pump Agilent 1100 Series liquid chromatograph equipped with autosampler and 
vacuum degasser. A Luna C18(2) reversed phase (RP) analytical column (150 mm × 2 mm i.d., 3 μm 
particle size, Phenomenex) was used for the separation of α-, β-, and γ-HBCDD. A mobile phase of (A) 
ammonium acetate 2mM in water/methanol (1:1 v/v) and (B) methanol at a flow rate of 0.250 mL/min 
was applied for elution of HBCDD isomers; starting at 75% (B) held for 2 min, then increased linearly to 
100% (b) until 9 min; held until 12 min followed by a linear decrease to 70% (B) over 0.5 min and held 
for 7.5 min.  
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The target analytes were baseline separated on the RP column with retention times of 4.0, 6.0, 6.8 and 
7.4 min for TBBPA, α-, β- and γ-HBCDD, respectively. MS analysis was performed using an Agilent 6410 
triple quadrupole MS system operated in the electrospray negative ionization mode. N2 was used as 
drying gas at a flow of 10 L/min and heated to 300 °C. Nebulizer pressure was 35 psi and capillary 
voltage 4000 V. HBCDD isomers were quantified by isotope dilution. MS/MS detection operated in the 
MRM mode was used for quantitative determination of the HBCDD isomers based on m/z 640.6 to 81 
and m/z 652.6 to 81 transitions for the native and 13C-labeled diastereomers, respectively. Fragmentor 
voltage and collision energy were set as 80 and 15 V, respectively. For quantitative determination of 
TBBPA, the following MRMs were used: m/z 542.6 to 81 and m/z 554.6 to 81 for the native and 13C-
TBBPA, respectively. 

Quality Control 
In the 2015 batch, three field blanks and four procedural blanks were analyzed in the same batches as 
the samples and results are blank corrected. This implies subtraction of mean blank values (in pg) from 
the raw FR values (in pg) in the samples. Blank values, when detected, were <0.5% of minimum sample 
values in the batch. In the 2016 batch, three field blanks were analyzed; they were all non-detect. Field 
blanks were collected by field staff vacuuming 2.8 grams of sodium sulfate from a stainless steel tray. In 
the 2018 batch, two procedural blanks were analyzed; they were all non-detect. 
 
Method limits of quantification (LOQs) were calculated as three times the standard deviation of blank 
values and divided by the amount of dust used for analysis (typically 30 mg). For compounds not 
detected in the blanks, the LOQ was calculated based on the signal to noise ratio 10/1, taking into 
account also the chromatogram’s characteristics for the respective retention time (co-elution, noisy 
baseline, etc). LOQs are compound-specific variables and therefore spanned a large range of 
concentrations. We replaced non-detect values with the limit of detection (LOD)*detection frequency 
for the chemical. For chemicals with multiple isomers, such as TCIPP, TCP, DP, and HBCDD, we replaced 
non-detect values using this method for individual isomers before summing them. 
 
The method has been validated as described by Van den Eede et al.2 A series of optimization and spiking 
experiments were performed for BFRs and PFRs at two concentration levels, Qlow and Qhigh, and three 
replicates for each level. Precision between different days were assessed using the same concentration 
levels spiked on a low contaminated dust sample, using three replicates per level and executed on three 
different days. Precision was within 12% for each set of triplicates and all analytes. The recovery was 
calculated by subtracting the blank concentrations and divided by the calculated concentration of a 
mixed solution of standards (having the same concentrations). Further details can be found in Van den 
Eede et al.2  
 
SRM 2585 (Organic Contaminants in House Dust), which has certified values for PBDEs and indicative 
values for EH-TBB, BEH-TEBP, HBCDDs, chlorinated PFRs and TBOEP, was used to test the accuracy 
(Figure SI1). Concentrations of PBDEs, EH-TBB, BEH-TEBP, chlorinated PFRs and HBCDDs ranged between 
-9 and 30% relative difference from the certified values. Despite a few discrepancies, there does not 
appear to be a systematic bias to the samples and values were not adjusted.  

The Toxicological Centre participated in 2015 in the 2nd Interlaboratory test on novel flame retardants 
(INTERFLAB2) in standard solutions and house dust and in 2018 to the 3rd Interlaboratory test on novel 
flame retardants (INTERFLAB3) in standard solutions and dust from e-waste facilities. Obtained values 
were between 5 and 25% from the consensus values for most investigated analytes. The full reports can 
be provided upon request.
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All sample preparation, chemical analysis, and quality control measures are also described in Dodson et 
al. 20173. 
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Table SI1. Measured flame retardants concentrations (ng/g dust; n=86, except TBBPA n=84) 
FR Name Abbrev. %>LOQ Median Mean GM 95th%tile Max. 

Polybrominated Diphenyl Ethers 
2,4,4'-tribromodiphenyl ether BDE 28 76 5.6 30 6 140 480 
2,2',4,4'-tetrabromodiphenyl ether BDE 47 100 390 2800 470 14000 43000 
2,2',3,4,4'-pentabromodiphenyl ether BDE 85 99 26 200 36 870 3100 
2,2',4,4',5-pentabromodiphenyl ether BDE 99 100 520 3300 670 17000 52000 
2,2',4,4',6-pentabromodiphenyl ether BDE 100 100 84 710 110 3500 11000 
2,2',4,4',5,5'-hexabromodiphenyl ether BDE 153 99 47 390 65 1600 6900 
2,2',4,4',5,6'-hexabromodiphenyl ether BDE 154 100 44 330 62 1700 4500 
2,2',3,4,4',5',6-heptabromodiphenyl ether BDE 183 92 12 58 17 260 540 
2,2',3,3',4,4',5,6'-octabromodiphenyl ether BDE 196 91 18 150 22 630 5600 
2,2',3,3',4,4',6,6'-octabromodiphenyl ether BDE 197 63 5.3 30 6.9 170 430 
2,2',3,4,4',5,5',6-octabromodiphenyl ether BDE 203 71 5.6 42 7.6 150 1300 
decabromodiphenyl ether BDE 209 100 2400 88000 3500 350000 3500000 

Brominated Flame Retardants 
2-ethylhexyl-2,3,4,5-tetrabromobenzoate EH-TBB 100 690 9000 1100 24000 180000 
bis(2-ethylhexyl)-3,4,5,6-tetrabromophthalate BEH-TEBP 99 1300 3600 1500 15000 37000 
tetrabromobisphenol A TBBPA 94 95 1400 110 4200 66000 
tetrabromochlorotoluene TBCT 14 NA NA NA 14 670 
para-tetra-bromoxylene pTBX 8 NA NA NA 5.3 46 
pentabromotoluene PBT 34 NA NA NA 12 370 
pentabromoethylbenzene PBEB 30 NA NA NA 16 230 
pentabromobenzene PBBz 51 0.8 7.3 1.6 44 120 
pentabromobenzylacrylate PBBA 19 NA NA NA 65 670 
hexabromobenzene HBB 85 5 45 6.4 170 1100 
hexachlorocyclopentadienyl-dibromocyclooctane DBHCTD 19 NA NA NA 21 50 
1,2-bis(2,4,6-tribromophenoxy)ethane BTBPE 56 8.1 98 9.8 320 4300 
decabromodiphenylethane DBDPE 90 270 3100 260 8600 120000 
alpha-1,2-dibromo-4-(1,2-
dibromoethyl)cyclohexane a-DBE-DBCH 37 NA NA NA 44 260 
beta-1,2-dibromo-4-(1,2-
dibromoethyl)cyclohexane b-DBE-DBCH 40 NA NA NA 37 560 
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2-bromoallyl-2,4,6-tribromophenyl ether TBP-BAE 9 NA NA NA 17 100 
2,4,6-tribromophenyl allyl ether TBP-AE 23 NA NA NA 6 140 
2,4,6-tribromophenyl 2,3-dibromopropyl ether TBP-DBPE 37 NA NA NA 28 160 
octabromo-1,3,3-trimethyl-1-phenylindan OBTMPI 29 NA NA NA 72 2800 

Dechlorane Plus 
dechlorane plus DPs 100 23 170 31 510 5100 

Hexabromocyclododecane 
Hexabromocyclododecane HBCDD 92 320 7700 340 5600 300000 

Organophosphate Flame Retardants 
tris(2-chloroethyl) phosphate TCEP 99 360 25000 500 24000 1300000 
tris(1-chloroisopropyl) phosphate TCIPP 100 2900 8800 3600 34000 150000 
tris(1,3-dichloro-isopropyl) phosphate TDCIPP 100 3800 41000 5500 250000 990000 
tris(2,3-dibromopropyl) phosphate TDBPP 37 NA NA NA 210 1400 
triphenyl phosphate TPHP 100 5700 11000 5800 46000 76000 
tri-(2-butoxyethyl) phosphate TBOEP 100 59000 180000 75000 800000 1500000 
tri-(2-ethylhexyl) phosphate TEHP 70 180 310 160 1100 1900 
tris(4-butylphenyl) phosphate TBuPhP 63 28 75 35 380 620 
ethylhexyl diphenyl phosphate EHDPP 100 930 2500 1000 8800 42000 
tri-cresyl phosphate TMPP 87 420 3000 450 7100 120000 

 
Triplicate relative standard deviation for triplicates run in 2018 batch: anti-DP: 96.6%, syn-DP: 78.3, DBDPE: 93%, BDE 209: 68.8%, TBBPA: 53.2%, BDE 100: 
40.8%, BDE 154: 37.5%, BDE 47: 34%, TDCIPP: 32.9%, BDE 153: 30.9%.
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Table SI2. Comparisons of median and maximum values for 14 FRs with values reported in North 
American dust since 2006. 

Chemical Highest 
mediana 

References for 
comparison 

Highest 
maximumb 

References for 
comparison 

BDE 47     
BDE 99     
BDE 183     
BDE 209   ✓ [3-22] 
EH-TBB   ✓ [3, 6, 7, 9-13, 15-17, 23-29] 
BEH-TEBP     
DBDPE ✓ [3, 9, 12, 13, 15, 16, 25, 27] ✓ [3, 9, 12, 13, 15, 16, 25, 27] 
HBB     
TBBPA     
HBCDD     
TCEP   ✓ [3, 4, 6, 9, 11-13, 15, 16, 28-

31] 
TCIPP     
TDCIPP     
TPHP     

ageometric means used for comparison if median values not reported  
b95% values reported if maxima not reported  
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Table SI3. Estimated marginal means (95% confidence intervals) from baseline, adjusted, and post-2004 
adjusted models 

FR  TB133 TB117 TB117-2013 
BDE 47 baseline 540 (310, 930)* 870 (440, 1700)* 110 (46, 280) 
 adjusted 690 (400, 1200)* 1600 (740, 3600)* 110 (53, 250) 
 adjusted (furnished after 2004) 300 (110, 780) 1400 (460, 4400)* 98 (44, 220) 
BDE 99 baseline 750 (460, 1200)* 1300 (690, 2400)* 170 (73, 380) 
 adjusted 1100 (700, 1700)* 2400 (1200, 4600)* 190 (99, 350) 
 adjusted (furnished after 2004) 660 (300, 1400)* 2100 (840, 5200)* 170 (89, 320) 
BDE 183 baseline 15 (10, 23)* 38 (23, 63)* 5.1 (2.6, 9.7) 
 adjusted 18 (12, 29)* 28 (15, 54)* 5 (2.7, 9.4) 
 adjusted (furnished after 2004) 19 (8.7, 43)* 19 (7.4, 48)* 5 (2.6, 9.7) 
BDE 209 baseline 11000 (6200, 18000)* 1500 (760, 2800) 760 (320, 1800) 
 adjusted 11000 (5700, 22000)* 2100 (790, 5600) 820 (320, 2100) 
 adjusted (furnished after 2004) 4700 (1700, 13000)* 3100 (950, 10000)* 590 (250, 1400) 
EH-TBB baseline 860 (530, 1400) 2200 (1200, 4000)* 540 (240, 1200) 
 adjusted 920 (500, 1700) 2200 (920, 5300)* 520 (220, 1200) 
 adjusted (furnished after 2004) 1700 (530, 5200) 4100 (1100, 16000)* 470 (180, 1200) 
BEH-TEBP baseline 2100 (1400, 3100)* 1200 (730, 2000) 990 (520, 1900) 
 adjusted 2000 (1300, 3100)* 1400 (730, 2600) 810 (440, 1500) 
 adjusted (furnished after 2004) 1700 (790, 3600) 2100 (870, 5100) 790 (420, 1500) 
DBDPE baseline 760 (420, 1400)* 80 (38, 170) 110 (41, 280) 
 adjusted 850 (430, 1600)* 170 (65, 440) 120 (49, 310) 
 adjusted (furnished after 2004) 440 (120, 1600) 220 (51, 990) 98 (34, 280) 
HBB baseline 15 (9.7, 23)* 2.3 (1.3, 3.9) 3.7 (1.8, 7.5) 
 adjusted 15 (8.5, 25)* 2.5 (1.1, 5.5) 3.5 (1.7, 7.6) 
 adjusted (furnished after 2004) 17 (5.7, 50)* 3.6 (1, 13) 3.4 (1.4, 8.3) 
TBBPA baseline 180 (110, 300)* 110 (57, 200) 40 (17, 91) 
 adjusted 170 (93, 320)* 63 (26, 150) 35 (15, 82) 
 adjusted (furnished after 2004) 440 (120, 1600)* 53 (11, 250) 31 (11, 92) 
HBCDD baseline 670 (420, 1100)* 300 (160, 540)* 72 (33, 160) 
 adjusted 960 (530, 1700)* 300 (130, 700)* 71 (31, 160) 
 adjusted (furnished after 2004) 3100 (880, 11000)* 360 (82, 1600) 85 (30, 240) 
TCEP baseline 1000 (580, 1800)* 330 (160, 680) 140 (54, 370) 
 adjusted 1800 (870, 3600)* 1100 (390, 3000)* 170 (63, 450) 
 adjusted (furnished after 2004) 310 (160, 600)* 380 (180, 810)* 130 (74, 210) 
TCIPP baseline 4200 (3000, 5900) 2700 (1800, 4100) 4000 (2300, 7000) 
 adjusted 3900 (2700, 5800) 2700 (1500, 4700) 4200 (2400, 7100) 
 adjusted (furnished after 2004) 3200 (1700, 6300) 3500 (1600, 7600) 3900 (2300, 6800) 
TDCIPP baseline 6600 (4000, 11000) 5700 (3000, 11000) 3000 (1300, 6900) 
 adjusted 7600 (3900, 15000) 5300 (2100, 14000) 2700 (1100, 6600) 
 adjusted (furnished after 2004) 2400 (1200, 4900) 4300 (1900, 9800) 2300 (1300, 4000) 
TPHP baseline 5000 (3600, 6900) 6000 (4000, 9000) 8400 (4900, 14000) 
 adjusted 5700 (3800, 8700) 7200 (4000, 13000) 8400 (4700, 15000) 
 adjusted (furnished after 2004) 4600 (1900, 11000) 9600 (3500, 27000) 7400 (3600, 15000) 

*p < 0.05, and **p < 0.005. 
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Figure SI1. Comparison of Standard Reference Material (SRM) (n=9; black dots) with available certified/indicative values (red dashes). 
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Figure SI2: Priority flame retardant uses and applications from EPA Chemical/Product Categories 
Database32   
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