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Abstract

This is the second r eNational Defense Althdgizatios Act far EBiscgd o n s e
Year2021 titled the fAGuaranteeing Equi phefesht Saf ¢
report, NIST Technical Note 2248, provides a baseline that defines the type, concentration, and
prevalence oper and polyfluoroalkyl substances (PFAS) in textiles usethe construction of

new/ unused Firefi gmmtherepost, NJS& Tekhmital Note 2260p MISITtiss .
reporting the PFAS measured time same jacket and pantsxtiles and using the same PFAS

analyte list in TN 2248 after these newusedabrics are physically stressed.

Textiles used irthe construction oétructuralfirefighter turnout geanave been found toontain
per and polyfluoroalkyl substances (PFA& well asfluoropolymer membraneand durable
water repellentreatmentsontaining fluorinated polymer#dditionally, older andusedturnout
gearhasbeen found to contaigreaterconcentration®f PFAScompared with new geathough
the source of these elevated PFAS concentraticstdlisnder investigationTo determine if the
stresses thatrnout geatextilesencounter duringypical usecould contributeto the observation
of higher PFAS concentrations, tH¥ational Institute of Standards and Technoldgchnical
Note reports the concentrations df BFAS in 20 firefighter turnout geatextiles following
exposure to abrasiomlevated temperaturéaundering,or weathering which is acombined
exposure toultraviolet radiation and elevated humiditfCompared with corresponding
concentrations ininstressedextiles, ndividual and summeBFAS concentrations all textile
typeswere highefollowing abrasion buivere similar or lower following launderingdditionally,
summed PFAS concentrations were higher in outer shell textiles foll@xjmosure teelevated
temperatureand weathering For example the mediansummed PFAS concentrat®among
durable water repellemiteatedouter shell textilesosefrom 1430 pug/kg when newto 3500 pg/kg
following abrasion 4420ug/kg following exposureo elevated temperaturesnd 3540 ug/kg
following weatheringwhile it fell to 963 pg/kgfollowing laundering Thesechangsin summed
PFASconcentrations with stressitargely reflectedchanges irthe concentratioa of PFAS that
were present in the highest concentration in unstressed turnout gear textiles: 6:2 FTMAC and 6:2
FTOH. While physical stressing may contribute &itered PFAS concentrations istressed
compared withunstressedurnout gearextiles, the meclhnisms responsible for these changes
cannot be authoritatively identifiedy the targeted analytical approach employed .hEos
examplethe analyticalapproach used in this rep@dnnot distinguistbetweenPFAS produced
by thechemical transformation d?FASthat were excluded from the targeted analytedrsd
increasedFASextractiondue to degradation of firefighter gear textiles and assodiat@thated
poymertreatments.



Keywords

Abrasion; durable water repellent; firefighter; launderimgisture barrier outer shell per- and
polyfluoroalkyl substance$?FAS stressingturnout gearthermal liner weathering; ultraviolet
radiation



Table of Contents

EXECULIVE SUMIMAIY .o 1
I [ {0 To [ U Tox oY o PP UP PRSPPI 2
2. Materials and METNOUS .. ..uuuiiiiiiiiiiiiiiiiiiiiiii e aeeeaneenneennesnnsennsnnnnnnnes 4
2.1. Chemicals and COoNSUMADIES ........cccuuiiiiiiiee et ee e e e 4
2.2. Structural Firefighter Turnout Gear TeXLIeS ...........oevvviiiiiiiiiiiiie e 4
2.3. PFAS Analytical Standards...........ccooiiiiiiiiiiiiiin e 5
2.4, PFAS ANAIYSIS ...eeiiiiieiiiiiiee ettt e e e e e e e e 5
P20 TR N o] - 1= [ ] 1 8
2.6. Elevated TeMPEIATUIE .........ueiiiiieiiiiiiiei ettt e e e e e et e e e e e e e e ane 9
A A I 1 U o o = 5 o 9
2.8, WERALNEIING .. .eiiiieiiiiie ettt e e e e s et e e e e e e e e r e e e e e e e 10
G T 11U L = PSSP 11
K I Y ] = T (o] o PO PUP R PPTPPPPPPRPP 11
3.1.1. Change in Textile Mass With ADIaSION .........ccooiiiiiiiiiiieeee e 11
3.1.2. PFAS Occurrence and Concentration in Abraded Firefighter Gear Textiles...... 12
3.1.3. Change in PFAS Occurrence and Concentration Following Abrasion............... 15
3.2. Elevated TEMPEIALUIE ......uuuiieiiii s 17
3.2.1. Change in Textile Mass with Exposure to Elevated Temperature ..................... 17
3.2.2. PFAS Occurrence and Concentration in Firefighter Gear Textiles Exposed to
Elevated TEMPETALUIES ........couuiiiiiieeeee ettt e e e e et e e e e e e e 18
3.2.3. Change in PFAS Occurrence and Concentration Following Exposure to Elevated
=T 0] 12T = LU ST SN 20
R O = 10 o (=T [ o [OOSR PP OPPPPPPPPPPP 23
3.3.1. PFAS Occurrence and Concentration in Laundered Firefighter Gear Textiles..23
3.3.2. Changes in PFAS Occurrence and Concentration Following Laundering ......... 25
G S ViYL= T 1 1= Vo [ 27
3.4.1. PFAS Occurrence and Concentrations in Weathered Outer Shell Textiles....... 27
3.4.2. Change in PFAS Occurrence and Concentration in Weathered Outer Shell Textiles
29
3.5. N:2 FTS Concentrations in Moisture Barrier Textile MB-E .........cccccooeiiiiiiiiiiiciiiennns 31
N 1 o] U =] [0 ] o PR PPRPPR 33
TS 1011 110 F= 1 YA T PP PP PP PP PPPPPPPPPPPPPPPP 40
LT U AU ] =T o o PSPPSR 40
N 3= = = o = 110
Appendix A. Experimental DetailS......ccoocoiiieieiiiii e 114



A R 1Y = (<Y 4 = 1T 114

A.1.1. Firefighter Turnout Gear TeXHIES .....covvviviiiiiiiiiieiiiieeeee e 114
A.1.2. PFAS Analytical Standards and NIST Reference Materials .............ccccccoeennne 117
A.1.3. Method Reproducibility Material (OS-FRM) .........ccoovvviiiiiiiiiiiiiiiiiieiieeeeeeeeeeeee, 124
A2, PFAS ANAIYSIS ...ttt 124
A.3. Quality Control RESUILS .........cuueiiii i e e e 124
A.3.4. RePOItING LIMITS ..ueiiiiiiiiiii et e e e e e 125
A.3.5. NIST Reference Materials 8446 and 8447 ...........coovevviieiiiiiiiiiiiiiiieiieeeieeeeeeeeen 125
A.3.6. Method Reproducibility Materials (OS-FRM) .......ccooiiiiiiiiiiiiiiiiiiiieeeee e 126
A.3.7. PFAS Concentrations. in Unstressed Firefighter Gear Textiles....................... 128
A.3.8. PFAS Concentrations in Stressed Firefighter Gear Textiles............ccccccceennne 128
Appendix B. List of Abbreviations and ACrONYMS .........uuviiiiiieeiiiiiiieee e 143



List of Tables

Table 1. PFAS class names and abbreviations as well as individual compound names,
abbreviations, analytical methods used for quantification of individual PFAS (i.e., NV for
nonvolatile, SV for semivolatile, or V for volatile) as well as Chemical Abstract Service Registry
Numbers (CAS RN) of all PFAS analyzed in this technical Note. ... 7
Table 2. Mean and standard deviation of measured fractional mass change in textile following
abrasion. Positive values indicate increased mass while negative values indicate decreased
mass. * Indicate significantly different (P < 0.05, paired t-test) masses before and following

= L0 = 1= [0 12
Table 3. Measured mass changes in textile samples following thermal stressing. Positive values
indicate increasing mass and negative values indicate decreasing mass. Statistical significance
of mass changes was not evaluated due to the low number of replicates. Where multiple
measurements were made, individual measurements are separated by a comma. ................... 18
Table 4. Median changes in summed PFAS concentrations by stressing and textile type.

©0 >+ 150 %, © + 25 % to + 150 %, ® -25% to + 25 %, © <-25%. NS i not studied. ...... 33
Table 5. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-A. ..o, 41
Table 6. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for MB-A following exposure to elevated

(] 18] 01T = L8[ PP PP PUUTUPPPT 42
Table 7. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered MB-A. ...........cccooeviinnninnnnnnn. 43
Table 8. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-B. ............ccoovviiiiiiiiiiinnnnnnns 44
Table 9. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for MB-B following exposure to elevated
EEMPEIALUIE. ... e e e 45
Table 10. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered MB-B. ...........ccccccceeeiiiiiinnnnen. 46
Table 11. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-C.............ccoovriiiiiiiiiiinninnnnn, 47
Table 12. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for MB-C following exposure to elevated

L] 0] €T (= 1 L 48
Table 13. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered MB-C.............ccccccvveeeiiiiinnnnnn. 49
Table 14. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-D..............ccevvviiiiiiiiinnnnnnnn, 50
Table 15. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for MB-D following exposure to elevated

L] 0] €T (2= 1 L 51
Table 16. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered MB-D. ...........cccccceveeeiiiiinnnnen. 52
Table 17. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-E. ...........ccccccceiiiuinnninnnnnnns 53
Table 18. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for MB-E following exposure to elevated

L] 0] €T 2= 1L 54



Table 19. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of

triplicate measurements) and reporting limits (RL) for laundered MB-E. ............ccccccviiiviiieenennnns 55
Table 20. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded MB-F. ...........cccccciiiiiiiniinnnnnnes 56

Table 21. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for MB-F following exposure to elevated

LES] 0] 01T (= 1 (8L PP 57
Table 22. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered MB-F. ...........ccccocviiiiininnnnnnn, 58
Table 23. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-A. ..., 59
Table 24. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for OS-A following exposure to elevated

(] 18] 01T = L8[ PP OTP T PURPTTPPPTN 60
Table 25. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-A. .........cccooeviieinininnnnnnnn. 61
Table 26. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-A...........ccooiveeeiiiiiiiinnn. 62
Table 27. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-ASC following abrasion. ....63
Table 28. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-ASC following exposure to elevated

L0 0] 01T = L L PP 64
Table 29. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-ASC. ........cccccoeeiviiiiirennnnns 65
Table 30. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-ASC..........cccccccvvnvivnnnnnns 66
Table 31. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-B. ...........cccevvvviiiiiiiiiieenenennns 67

Table 32. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-B following exposure to elevated

L] 0] €T 2= 1 L 68
Table 33. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-B. ..........cccccvvevveeiiiiinnnnen. 69
Table 34. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-B............ccccccciviiininnnnnnns 70
Table 35. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-C. ...........ccccoiiiviieeiiniiiiinnn. 71

Table 36. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for OS-C following exposure to elevated

(] 18] 01T = L8[ PP PP PUPPTPPPTN 72
Table 37. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-C. .........ccccceviveinnninnnnnnnn. 73
Table 38. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-C. ..........cccccvvveeiiiiiinnnen. 74
Table 39. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-D. ...........ccccviviviiiiiiiiiiinnen. 75

Table 40. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-D following exposure to elevated
L] 0] €T (= L L 76



Table 41. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-D. ...........cccevvviiiiiiiiennnnnnn, 77
Table 42. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-D. ..........ccccccvvveeeiiiiinnnnen. 78
Table 43. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-E. ...........ccccooiinniinnnnnn, 79
Table 44. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-E following exposure to elevated

L0 0] 01T (= L LSRR 80
Table 45. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-E. ...........cccccvvveeiiiiiinnnen. 81
Table 46. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-E...........cccccecviininnninnnnnnnns 82
Table 47. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-F. ............coovriiiiiiiiiiennennnnns 83

Table 48 Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-F following exposure to elevated

(] 18] 01T = L8[ PP PURPTTPPPT 84
Table 49. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-F...........ccccoviveiiiniiiinnnen. 85
Table 50. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-F............cccccciiiiiiiiiinnennnnn, 86
Table 51. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-FSC. .........ccccccoviiniinnnnnnns 87

Table 52. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for OS-FSC following exposure to elevated

(] 00 o1<] = UL [ PP PPPRPPPPPPPTN 88
Table 53. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-FSC..........cccccoceiviiiinnnnnnnn, 89
Table 54. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-FSC..........ccccccccininnnnnnnes 90
Table 55. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for abraded OS-G............ccccoviiiiiiiininnnnnnn, 91

Table 56. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for OS-G following exposure to elevated

L0 0] €T = L TP 92
Table 57. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered OS-G...........ccccvvvvveeiiiiiinnnee. 93
Table 58. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for weathered OS-G. ..........ccccccvivinnninnnnnnn. 94
Table 59. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded TL-A. .....cccoooviiiriiiiiiiiiiiieeeeeeeenns 95

Table 60. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for TL-A following exposure to elevated

(] 18] O1<] = L L8[ PP PURPUPPPTN 96
Table 61. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered TL-A. ... 97
Table 62. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded TL-B. ........ccoooovvirviiiiiiiiiiiennennnnns 98

vii



Table 63. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for TL-B following exposure to elevated

(] 00 O1<] = 1 (0[PP PRRPPUPRPTN 99
Table 64. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered TL-B. ..........ccoovriiiiiinnnneen 100
Table 65. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded TL-C............cccciiiiiiiiiiinnnnninee. 101
Table 66. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for TL-C following exposure to elevated

(] 0 0] 01T = L8[ PRSPPI 102
Table 67. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered TL-C. ..........ccovrriiiiiiiineneennn. 103
Table 68. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded TL-D. ...........ccccviiiiieieiinnnnnnee. 104
Table 69. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for TL-D following exposure to elevated

(] 18] 01T = L8[ TR PP 105
Table 70. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for laundered TL-D. ........cccoeeiiiiiiiiiiiiiieenns 106
Table 71. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of
triplicate measurements) and reporting limits (RL) for abraded TL-E. ...........cccciiiiiiieiinnnnee. 107
Table 72. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for TL-E following exposure to elevated

(] 0 0] 01T = UL [PPSR PT PRSP 108
Table 73. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of
triplicate measurements) and reporting limits (RL) for laundered TL-E. .......cccooeeiiiiiiiiiiiiiieenns 109
Table 74. Area densities (mean + standard deviation of triplicate measurements; kg/m?) and
images of firefighter turnout gear textiles prior t0 StreSSINg. ........cccoeviiiiiiiiiiiiiieeieeeee e 114
Table 76. Analytical standard solutions obtained from Wellington Laboratories for use in
nonvolatile PFAS analysis, with full analyte names, CAS RN, and abbreviations (bold), as well
as analyte concentrations with expanded maximum combined percent relative uncertainty.
PFHxS, PFOS, MeFOSAA, and EtFOSAA in PFAC30PAR were present as a mixture of

S LU To (U] = LS00 =T RO PPPRRR 119
Table 77. Isotopically labeled internal and injection standard solutions obtained from Wellington
Laboratories for use in nonvolatile and semivolatile PFAS analysis, with full analyte names, and
analyte concentrations with expanded maximum combined percent relative uncertainty where
[S1(0)7/10 [T o AT OO PPPP R TPPTPPPPPRPP 120
Table 78. Analytical standard solutions purchased from Wellington Laboratories for use in
semivolatile PFAS analysis including full analyte names, CAS RN, abbreviations (bold), and
analyte concentrations with expanded maximum combined percent relative uncertainty where
(9161716 [=To TP PP PP PP TPPRPPPPPRRPN 121
Table 79. Isotopically labeled internal standard solutions obtained from Wellington Laboratories
for use in semivolatile PFAS analysis, with full analyte names, and analyte concentrations with
expanded maximum combined percent relative uncertainty where provided. ............ccccuvvveeee.. 121
Table 80. Analytical standards solutions obtained for volatile PFAS analysis with supplier (WL =
Wellington Laboratories, S = Synquest Laboratories), full analyte names, CAS RN,
abbreviations (bold), and analyte concentrations with expanded maximum combined percent
relative uncertainty Where provided. ...........ooooiiiiiiiiiee e 122

viii



Table 81. Isotopically labeled standard solutions purchased from Wellington Laboratories for
volatile PFAS analysis, including full analyte names, and analyte concentrations with expanded
maximum combined percent relative uncertainty where provided. ............cccccceeiiiiiiiiiiiiieeeennn, 123
Table 82. Reference mass fractions for NIST Reference Material 8446 including mean value
and expanded uncertainty with 95 % CONfIdENCE. ........cccooii i e 123
Table 83. Reference mass fractions NIST Reference Material 8447 including mean value and
expanded uncertainty with 95 % CONfIdENCE. .........ccuuiiiiiiiie s 123
Table 84. PFAS concentrations (mean + standard deviation) determined from analysis of twelve
replicates of OS-FRM. Measured concentrations that were below the reporting limit in individual
replicates were not included in average and standard deviation calculations. ...............c......... 124



List of Figures

Figure 1. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from
triplicate analysis of firefighter turnout gear textiles following abrasion. ...........ccccccccviiiiiiiennnnnnn, 13
Figure 2. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout
gear textiles following abrasion. Error bars indicate the combined standard uncertainty of
summed concentrations. PFAS class is indicated by shade...........ccccovviiiiiiiiiin e, 14
Figure 3. Summed PFAS concentrations determined by triplicate analysis of firefighter gear
textiles following abrasion on y-axis and unstressed firefighter gear textiles on x-axis. Error bars
indicate combined standard uncertainty. Textile type is indicated in panel label and individual
textiles are indicated with marker labels. A 1:1 concentration ratio (i.e., identical concentrations
measured in textile prior to and following stressing) is indicated with a dashed line. ................. 17
Figure 4. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from
triplicate analysis of firefighter turnout gear textiles after exposure to elevated temperature. ....19
Figure 5. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout
gear textiles following exposure to elevated temperature. Error bars indicate the combined
standard uncertainty of summed concentrations. Shading indicates PFAS class. ...........cc.c...... 20
Figure 6. Summed PFAS concentrations determined by triplicate analysis of firefighter gear
textiles following exposure to elevated temperatures on y-axis and unstressed firefighter gear
textiles on x-axis. Error bars indicate combined standard uncertainty. Textile type is indicated in
panel label and individual textiles are indicated with marker labels. A 1:1 concentration ratio
(i.e., identical concentrations measured in textile prior to and following stressing) is indicated

With @ dashed lINE. ... 21
Figure 7. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from
triplicate analysis of firefighter turnout gear textiles following laundering. ..........ccccccccccuninnnnnnns 24

Figure 8. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout
gear textiles following laundering. Error bars indicate the combined standard uncertainty of
summed concentrations. PFAS class is indicated by shade.............ccccoociiiiiins 25
Figure 9. Summed PFAS concentrations determined by triplicate analysis of firefighter gear
textiles following laundering on y-axis and unstressed firefighter gear textiles on x-axis. Error
bars indicate combined standard uncertainty. Textile type is indicated in panel label and
individual textiles are indicated with marker labels. A 1:1 concentration ratio (i.e., identical
concentrations measured in textile prior to and following stressing) is indicated with a dashed

L 27
Figure 10. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from
triplicate analysis of firefighter turnout outer shell textiles following weathering. .............cccc....... 28

Figure 11. Summed PFAS concentrations determined from triplicate analysis of firefighter
turnout gear outer shell textiles following weathering. Error bars indicate the combined standard
uncertainty of summed concentrations. PFAS class is indicated by shade. ..............ccccccceeens 29
Figure 12. Summed PFAS concentrations determined by triplicate analysis of firefighter gear
outer shell textiles following weathering on y-axis and unstressed firefighter gear textiles on x-
axis. Error bars indicate combined standard uncertainty. Textile type is indicated in panel label
and individual textiles are indicated with marker labels. A 1:1 concentration ratio (i.e., identical
concentrations measured in textile prior to and following stressing) is indicated with a dashed
= PP PPUPRPPR 30
Figure 13. Average summed n:2 FTS concentrations determined from triplicate analysis of MB-
E1 following exposure to abrasion (Abr.), elevated temperature (Heat), or laundering (Lau.)....31
Figure 14. Summed n:2 FTS concentrations in MB-E prior to stressing (new), as well as
following abrasion (Abr.), exposure to elevated temperatures (Heat), or laundering (Lau.). Error
bars indicate the combined standard uncertainty of summed concentrations. .............ccccceeeennes 32



Figure 15. Summed PFAS concentrations, including n:2 FTSs, determined from triplicate
analysis of MB-E following stressing on y-axis and prior to stressing MB-E on x-axis. Error bars
indicate combined standard uncertainty. Stressing type is indicated in panel label. Dashed line
indicates a 1:1 conCeNntration FatiO. .........ooiviiiiiiiiiiiiiii et 33
Figure 16. Summed PFAS concentrations in turnout gear textiles following abrasion (square),
exposure to elevated temperatures (triangle pointing up), laundering (diamond), weathering
(triangle pointing down), or prior to stressing (circle). PFAS measurements from three reports of
unstressed firefighter gear [20,21,24] are also shown. Markers are ordered according to
summed PFAS concentrations determined from analysis of unstressed textiles. ...................... 39
Figure 17. Histograms of reporting limits for individual measurements of (NV) PFAS determined
with nonvolatile analytical method (binwidth = 0.125 pg/kg), (SV) PFAS determined with
semivolatile analytical method (binwidth = 0.1ug/kg), and (V) PFAS determined with volatile
analytical method (biNWidth = 25 UG/KQG). ..vververiiiiiiiiiiiieiieiiieeieeeieeerreereeerseeeeeereeerrrerreerree—————————. 125
Figure 18. Recoveries of reference PFAS in NIST reference materials 8446 and 8447 across 16
analytical sequences. 100 % recovery is indicated with a solid line while 70 % and 130 %
recoveries are indicated with dashed liNes. .............eeeiiii i 126
Figure 19. Recovery of PFAS in OS-FRM that had a previously measured concentration over
0.5 pg/kg across 9 nonvolatile, 8 semivolatile, and 10 volatile PFAS extraction batches. 100 %
recovery is indicated with a solid line while 70 % and 130 % recoveries are indicated with

(0 P2 ] 1= To I 11 =TSP 127
Figure 20. Summed PFAS concentrations in unstressed firefighter turnout gear textiles
according to textile type (MB = moisture barrier, OS = outer shell, SC = scoured outer shell, TL
= thermal liner). Error bars indicate the combined standard uncertainty of the summed PFAS
concentrations. Bar shade indicates PFAS class. This figure was previously Figure 2 in NIST TN
B 17 SRR 128
Figure 21. Mean PFAS concentrations determined from triplicate analysis of MB-A (left), MB-B
(center), and MB-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to
elevated temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade.
Measurements not reported due to unmet QC standards are in White. ..........cccccceeeeiieeiireeennn, 129
Figure 22. Mean PFAS concentrations determined from triplicate analysis of MB-D (left), MB-E
(center), and MB-F (right) either prior to stressing (hew) or following abrasion (Abr), exposure to
elevated temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade.
Measurements not reported due to unmet QC standards are in white. .........................l 130
Figure 23. Mean PFAS concentrations determined from triplicate analysis of OS-A (left), OS-B
(center), and OS-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to
elevated temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV).
Concentrations indicated by shade. Measurements not reported due to unmet QC standards are
IRV 1= TSRS 131
Figure 24. Mean PFAS concentrations determined from triplicate analysis of OS-D (left), OS-E
(center), and OS-F (right) either prior to stressing (new) or following abrasion (Abr), exposure to
elevated temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV).
Concentrations indicated by shade. Measurements not reported due to unmet QC standards are
LT L O PPP PRSPPI 132
Figure 25. Mean PFAS concentrations determined from triplicate analysis of OS-G (left), OS-
ASC (center), and OS-FSC (right) either prior to stressing (new) or following abrasion (Abr),
exposure to elevated temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV).
Concentrations indicated by shade. Measurements not reported due to unmet QC standards are
IRV 1= TSP 133
Figure 26. Mean PFAS concentrations determined from triplicate analysis of TL-A (left), TL-B
(center), and TL-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to

Xi



elevated temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade.
Measurements not reported due to unmet QC standards are in wWhite. ..........ccccccceeivieeiriieennn, 134
Figure 27. Mean PFAS concentrations determined from triplicate analysis of TL-D (left) and TL-
E (right) either prior to stressing (new) or following abrasion (Abr.), exposure to elevated
temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade. Measurements
not reported due to unmet QC standards are in White. ...........oovvviiiiiiiiiiiiiiiiiieeeeeeeeeeeee e 135
Figure 28. Mean summed concentrations of PFAS determined from triplicate analysis of volatile
PFAS in abraded firefighter gear textiles on y-axis and unstressed firefighter gear textiles on x-
axis. Error bars indicate combined standard uncertainty. Marker labels indicate the specific
textile. A 1:1 concentration ratio (i.e., identical concentrations measured in unstressed and
stressed textile) is indicated with @ dashed lINe. ............oooviiiiiiii e 136
Figure 29. Mean summed concentrations of PFAS determined from triplicate analysis of
nonvolatile PFAS in abraded firefighter gear textiles on y-axis and unstressed firefighter gear
textiles on x-axis. Error bars indicate combined standard uncertainty. Marker labels indicate the
specific textile. A 1:1 concentration ratio (i.e., identical concentrations measured in unstressed
and stressed textile) is indicated with a dashed lINe. ..............ovviiiiiiiiiiiiiiiiiieee e, 137
Figure 30. Mean summed concentrations of PFAS determined from triplicate analysis of volatile
PFAS in firefighter gear textiles following exposure to elevated temperatures on y-axis and
unstressed firefighter gear textiles on x-axis. Error bars indicate combined standard uncertainty.
Marker labels indicate the specific textile. A 1:1 concentration ratio (i.e., identical concentrations
measured in unstressed and stressed textile) is indicated with a dashed line.......................... 138
Figure 31. Mean summed concentrations of PFAS determined from triplicate analysis of
nonvolatile PFAS in firefighter gear textiles following exposure to elevated temperatures on y-
axis and unstressed firefighter gear textiles on x-axis. Error bars indicate combined standard
uncertainty. Marker labels indicate the specific textile. A 1:1 concentration ratio (i.e., identical
concentrations measured in unstressed and stressed textile) is indicated with a dashed line. 139
Figure 32. Mean summed concentrations of PFAS determined from triplicate analysis of volatile
PFAS in firefighter gear textiles following laundering on y-axis and unstressed firefighter gear
textiles on x-axis. Error bars indicate combined standard uncertainty. Marker labels indicate the
specific textile. A 1:1 concentration ratio (i.e., identical concentrations measured in unstressed
and stressed textile) is indicated with a dashed line. ... 140
Figure 33. Mean summed concentrations of PFAS determined from triplicate analysis of
nonvolatile PFAS in firefighter gear textiles following laundering on y-axis and unstressed
firefighter gear textiles on x-axis. Error bars indicate combined standard uncertainty. Marker
labels indicate the specific textile. A 1:1 concentration ratio (i.e., identical concentrations
measured in unstressed and stressed textile) is indicated with a dashed line.......................... 141
Figure 34. Mean summed concentrations of PFAS determined from triplicate analysis of volatile
PFAS in firefighter gear outer shell textiles following weathering on y-axis and unstressed
firefighter gear outer shell textiles on x-axis. Error bars indicate combined standard uncertainty.
Marker labels indicate the specific textile. A 1:1 concentration ratio (i.e., identical concentrations
measured in unstressed and stressed textile) is indicated with a dashed line.......................... 142
Figure 35. Mean summed concentrations of PFAS determined from triplicate analysis of
nonvolatile PFAS in firefighter gear outer shell textiles following weathering on y-axis and
unstressed firefighter gear outer shell textiles on x-axis. Error bars indicate combined standard
uncertainty. Marker labels indicate the specific textile. A 1:1 concentration ratio (i.e., identical
concentrations measured in unstressed and stressed textile) is indicated with a dashed line .142

Xii



Preface

This National Instituteof Standards and Technologyblication(Technical Note2260 is the
secondpublication providedn response to Seot 338 of theWilliam M. (Mac) Thornberry

National Defense Authorization Act for Fiscal Year 2021t i t | ed the MAGuar ant
Safety for Firefight er NISTA®tompidte aztddy 6f thécoremts s a c
and composition of neand unused personal protective equipment worn by firefightera nd NI ST
TN 2 2 4 8 - a@ndPRolyfluoroalkyl Substances in New Firefighter Turnout &€z x t i | e s 0 wa
released in response this directive The act further ddondidonsgaad NI ST
extent to which perand polyfluoroalkyl substancese released into the environment over time
from the degradation of per sonal prot &sti ve e
Technical Note addresses tlafitective by reportingper and polyfluoroalkyl substance (PFAS)
occurrence andoncentration irstructuralfirefighter jacket and panttextilesfollowing exposure

to abrasion, elevated temperature, laundering, or weathesgach carried out according to
experimentaproceduesdescribed irthe performance standards that firefighter gear must meet

for use in the United States.

This NIST TN was produced through the combined efforts of researchers in the Fire Research
Division of the NIST Engineering Laboratogndthe ChemicaSciences Division of the NIST
Material Measurement Laboratory. Researchers aN#imnal Personal Protective Technology
Laboratoryof the National Institute of Occupational Safety & Hegltbvided outer shell textiles
where thedurable water repellentoatingshad beenscouredby the manufactureand were
responsible for launderirgl thetextilesin this study

This is the first repordf PFAS concentrations in firefighter gear following exposure to controlled
stressing processes and details the chandgd monvolatile, semvolatile, and volatile PFAS
following exposure to each of four stresses. Upcoming reports will examine GdeaBere and
concentrations imtherfirefighter gearthan turnout geasuch astructural firefighteglovesand

hoods, and wildland firefighting gear, as well as investigate the lifetime PFAS release potential of
firefighter gearduring repeated stressing

! Structural firefighteftu r nout gear o consi sts of \yoarchksrtucaral firefightepsEneNIST TexhnicapNotet s, and b
2248 and 226@nalyzes thePFAS in the jacket and pardaly not in the suspenders or boots.
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Executive Summary

This National Institute of Standards and Technolpgplication(TechnicalNote 2260 evaluates
if exposure to physical stressgganilarto thoseexperienced bfirefighting gear alters perand
polyfluoroalkyl substance (PFAS) occurrence and concentratiotiseitextiles that make up
firefighter gear Twenty moisture barrier, outer shell, and thermal liner textiles gatgected to
the abrasion, elevated tenmagures,or laundering while outer shell textilesverealsosubjected
to weatheringwith ultraviolet radiatiorandelevated humidityFifty-onePFASwerequantifiedin
stressed textileBy targeted analyticahethodshat coupledsolventextractionwith eithergasor
liquid chromatographynass spectrometryThis NIST TN follows NIST TN 2248, which
determined PFAS occurrence and concentrations in new firefighter gear t&tdesame textiles
and PFAS target list were used in both studies

Across all stressed textileé3 PFASwere quantified above reporting limitgith threePFAS (.e.,
6:2 fluorotelomer methacrylate6:2 FTMAC, 6:2 fluorotelomer alcohgl 6:2 FTOH and
perfluorobutane sulfonic agidPFBS presentabove 200ug/kg in at least onestressed textile
Following stressingsummed PFAS concentrations wengghea in outer shell textiles than
moisture barrier textilegndlowestin thermal liner anaduter shell textile from which thelurable
water repellenhad been scoure@brasion increased summed PFAS concentrafmrel| textile
types(median changé summed PFAS concentration 213%) while weathering(+ 177 %)
consistentlyincreasd summed PFAS concentrations in outer shell textilesindering produced
relatively smallchangesin summedPFAS concentrations across all textif@sedian change
- 24 %) and eposure to elevated temperature increased summed PFAS in outetesties
(+ 259 %)but resultedin smalkr changes irthe remainingextile types(- 26 %). Overall the
largest absolutechangs in PFAS concentratiorwere observedin outer shell textileswith
weathering where the median summed PFASoncentrationincreasd from 964ug/kg to
3520 pg/kg. Where stressingincreasedsummedPFAS concentrationsthese changes were
primarily due toincreases in the concentrations6o2 FTMAC and 6:FTOH, whichwerealso
the hidhest concentration PFAS unstressedurnout gear textilesather than the appearance of
previously unobserved PFAS

Numerous processes may contribute to changes in PFAS concentrations in textiles with stressing
such as: changes in the extractable fraction of PFAS due to fluorinated polymer or textile
degradation, fluorinated polymer degradatiimto nonpolymeric PFAStransformations between
PFAS, wash out or volatilizatioof PFAS and loss of PFAS associated with dissipated textile
fragments. However, the targeted analytical methods used in this study cannot distinguish between
PFAS transformations and changes of ttaetion of PFASthat are extractable and therefore
cannot definitively determine mechanisms underlying changes in measured PFAS concentrations.

This is the firstreportto quantify changes in PFA&currence andoncentrations in firefighter
turnoutgearnextilesdue tocontrolled stressing he results show that stressing, especially abrasion
or weatheringgcan increase measurB&AS concentrations in firefighter gear textilddditional
research examininfirefighter gear for a broader array of target PFA&erminingthe extent to
which measuredPFAS concentrationscontinue toincreaseduring repeated stressing, and
evaluatingthe extent to which firefighter gear may accumulate PFAS from fire seeeestical

to understand theverall potentiaPFAS exposure firefighters faé®m the use of turnout gear
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1. Introduction

Per- and polyfluoroalkyl substances (PFASEanthropogenically derivecompoundgontaining

at least one perfluoroalkyl moiety {&n+1) andare presentin numerouscommercialproducts
Oneclassof PFAScontaining commercial produdtsdurable water repellent (DWR)eatments
whichimpartdirt, oil, and wateresistancéo high performance outer wedr, 2]. However, here

is growing evidence addversenumanhealth effects fronexposurdo certain PFASIncludingthe
suppression of vame response in humatudies [3] as well asiegativeimpacs ondevelopment
andmultiple organ systemi& animalstudies [4]. In responsgthe United States Environmental
Protection Agenay s 2023 Proposed Nati onal I®sclassdiedy Dr i |
both perfluorooctane sulfonic acid (PFOE) and perfluorooctanoic acid (PFOA¥P] as likely
human carcinogenn their public comment drafts. In then&il 2021 toxicity assessment for GenX
chemicals (including HFPD®A), EPA determinedthat there is suggestive evidence of
carcinogenic potentiaif oral exposure to GenX chemicals in humans, based on the available data
[7]. Additionally, the International Agency for Research on Cancer has identified PFOA as
possibly carcinogenic to humaj@® whereas in 2022, CalEPA designated PFOA as Known to the
State of California to Cause Cancer

Firefighters have highedPFASserum concentrations than theblic [9-17]. There are nmerous
potential PFAS exposursourcessuggestedfor firefighters such aghe use of aqueous film
forming foamgqAFFF) andfirefighter gearthathas beeireated with fluorinated polymers bas
accumulated PFA8uring firefighting activitieqd18, 19] Among firefightes, the use of AFFF
[11, 12, 16]and direct engagesnt in firefighting activities (i.e., as opposedetmployment as a
driver) [9] areassociated witlhigher serum PFAS concentratiohwever the contribution of
PFASfrom firefighter geamaynot be fullyappreciate@sfirefighter serum PFAS concentrations
have nobeen reported fanany ofthe PFAS identified in the highest concentrations in fireég
textiles such as Nmethyl perfluorobutane sulfonamido ethanbleFBSH, 6:2 fluorotelomer
methacrylate@:2 FTMAC), and 6:2 fluorotelomer alcohob2 FTOH [20-22].

As specified inthe National Fire Protection Associatigistandard on Protective Ensembles f
Structural Fire Fighting and Proximity Fire Fighting(NFPA 1971),structuralfirefighting
turnoutgear includegoats and pants or coveralls as welgkwes, helmetsandfootwear[23].
Turnout gearcoats, pants, and coveratigically containthree layerspresent in the following
order fromfarthest to closest to the bodyuter shellmoisture barrier, and thermal lindro meet
the performance requirements specified in NFPA 1971cfmmical light, andwaterresistance
certain layers of turnout gearare commonly treated with fluorinated polymers or include
fluoropolymer membraneR0-22, 24] NFPA 191 also includes performance specifications
related to resistance from typical eunse stresses, suchasasion (NFPA 1971, § 8.52), héat
8.6), ultraviolet radiation (U\8 8.62), and laundering (§ 8.24).

To thebest of thea u t hkoawledye, therare nopublishedreports orthe effects of controlled
stressingon PFAS occurrence and concentratioms firefighter geay though exposure to UV
radiation has been observed to degrade both polyaramid fibers as well as water repelhgst coati
in turnout geaouter shell textile§25, 26] PFAS concentrations iDWR-treatedouterweahave
been observed to changethvexposure to heat, abrasiomeathering and laundering27-29].
Following outdoor[27] and laboratory[29] weathering,measured concentrations ioflividual
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PFAS inDWR-treated textilesvereup to 100 times higher than measuredhe corresponding
unstressed textileSchellenberger et.82022[27] observed that exposure to abrasion and washing
decreased the total fluorine contmatiors in DWR-treated textiles that had previously been
exposed to outdoor weatheringhile van der Veen et .aR022 [30] observed decreasing
perfluoroalkyl acid PFAA) concentrations in D\R-treatedtextiles following repeated washing
and drying butnotedincreases irthe concentrations of some2 fluorotelomer alcoholsn(2
FTOH). The mechanismeesponsible fochanges in PFAS and total fluorine concentrations in
DWR-treated textiles during stressing are still a matter of investigd®BAS quantification in
textiles is typically performed with solvent extraction andss spectrometryandthe physical
degradabn of fluorinated polymers or the underlyingxtiles could increase the fraction of PFAS
that are extractable whilehe degradation of fluorinated polymers could releasapolymeric
PFAS that are quantifiable by magsectrometry. AdditionallyPFASinitially present in a textile
may be transformefilom species that are nguantifiableto quantifiablewith mass spectrometry

The objective of thitNIST reportis to communicatehe extent to whiclexposing firefighter gear
textiles tostresseselated to firefighting activitiealterthe occurrence and concentrationtafget

PFAS in those textilesTo allow for direct comparison of changes due to stressing, the same
textiles and PFAS target list were used in this study as in the unstressed gear study (NIST TN
2248). Twenty firefighter gear textiles were subjected to four stressing processes based on
performance tests detailed NFPA 1971 [23]. Following exposure to abrasion, elevated
temperature, laundeign or weathering, the concentrations of BFAS were determined and
compared teequivalentconcentrations measured in the corresponding textiies to stressing

The concentrations reported here provide insight intath@unt andnechanisms by which RS
concentrations in firefighter gear may change as that gear is used for firefighting activities



2. Materials and Methods

Experimental chemicals and consumaliese identical to those usedMiST TN 2248 which
reported the occurrence and concentratibRFAS in unstressed firefighter turnout gear textiles
and are detailed beloy®ection2.1) [22]. Twentyfirefighter turnout gar textiles werebtained
either from a distributor of firefighter gear or frooollaboratos at the National Institutéor
Occupational SafetgandHealth(NIOSH; Section2.2). PFAS analytical standardSectiors 2.3
andA.1.2), and analytical techniquéSections2.4 andA.2) werealsoidenticalto those used in
NIST TN 2248[22], except where indicated beloWetails about thenethods used to expose
textiles to abrasion (Secti@b), elevated temperature (Sect@®), laundering (Sectiof.7), and
weathering (Sectio.8) arealsoincluded below

It should be noted thabne of he equipment used for stressisgch as the abrasion foam backing
and abrading textilezontributel PFAS to the textiles; therefore, the repor®#eAS is from the
textiles themselves.

2.1. Chemicals and Consumables

Ammonium acetate (Optima L®S grade), ammonium hydroxide (Optima grade), ethyl acetate
(Optima HPLC and GC grade), and water (OptimaM§& grade) were obtained from Thermo
Fisher Scientific (altham, MA)? Methanol (OmniSolv L&@MS grade) for high performance
liquid chromatographyandem mass spectrometry (HRMS/MS) mobile phase solutions was
obtained from Supelco (Bellefonte, PA), while methanol (OptimaM£ grade) for all other
purposes w&s obtained from Thermo Fisher Scientific. Nitrogen gas (Ultra High Purity grade) and
helium gas (Ultra High Purity grade) were obtained from Roberts Oxygen (Rockville, MD).

High-performance liquid chromatography (HPLC) vials (2 mL capacity, amber glagglass

vial inserts (250 pL) were obtained from Agilent Technologies (Santa Clara, CA). Polyethylene
2mL vial caps for nonvolatile and semivolatile analysis were obtained from Phenomenex
(Torrence, CA) while 2 mL vial caps witpolytetrafluoroethyleng PTFE)/silicone septa for
volatile analysis were obtained from Agilent Technologies. HPLC vials, inserts, and caps were
used as received from their vendors. Supelco Analytical (Bellefone, PA) SupelclearCaNVI

solid phase extraction (SPE) tubes (6 mB00 mg) were rinsed with 20 mL (2 x10n°) of
0.1mol/L (1¢? mol/m® ammonium hydroxide in methanol and dried prior to use. Glass 20 mL
capacity scintillation vials, glass Pasteur pipettes, and polypropylene 15 mL centrifuge tubes
(Cole-Parmer InstrumdnCompany, Vernon Hills, IL) were used as received. Syringes (1 mL
capacity) and syringe filters (0.22 um, nylon) were obtained from Thermo Fisher and rinsed with
1 mL (10° m® methanol prior to use.

2.2. Structural Firefighter Turnout Gear Textiles

A variety of common turnout gear textiles was purchased in 2020 from a distributor and repairer
of firefighter geay who received them directlydm manufacturers. 1.39%n(1.52 m x 0.914 m)

2 Certain commercial equipment, instruments, or mateaialdentified in this paper to foster undarsding. Such identification does not imply
recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the neajeipaieior
identified are necessarily the best available for the purpose.



each of six moisture barrier (MB, MB-B, MB-C, MB-D, MB-E, MB-F), five thermal liner
(TL-A, TL-B, TL-C, TL-D, TL-E), and seven outer shell textiles (@SOSB, OSC, OSD,
OSE, OSF, OSG) were purchased without regard to coMIST purchased the textilgsior to
assembly in firefighter turnout gear and comply withf\ 197 Irequirement$6].

Two fAscour edo o0 uUASEyOSESCewere obtamed froml theegiond] Re&onal
Protective Technology Laboratoof NIOSH, who received théextiles from the manufacturer
following the scouringof applied DWRtreatnents Except for thescouing of DWR treatments
thesetextiles were similar to twBDWR-treatedouter shell textiles included in this study (i.e.,-OS

A and OSF), exceptfor colors(Table74). Due to the lack of DWR treatment, the two scoured
outer shell textiles were not established to be NFPA 1971 compliant. Average area densities and
imagesof all turnout gear textilessed inthis reportare shown irA.1.1 (Table74).

Moisture barrier textiles were comprised of axpanded polytetrafluoroethylengePTFB
membrane with an aramid fiber substrate while outer shell teztilessted ohromatic polyamide
(aramid) fiber blends that were woven with either plain, twill, or ripstop weave patterns. Thermal
liner textileswere made fromaramid fiber or aramdiblend cloth and includedone or two
additionallayers of attached aramid fiber batting. Prior to stressediles wereindividually
storedin the dark, at room temperature plastic resealable baggies.

2.3. PFAS Analytical Standards

In addition to the 53 PFAS that were quantifiediivstressedirefighter gear textiles ilNIST TN
2248[22], PFAS concentrations iof two n:2 fluorotelomer acrylate8:2 fluorotelomer acrylate
(8:2 FTAcr)and 10:2 fluorotelomer acrylatd@0:2 FTAcr)are reported heré¢However, due to
aralytical issues,concentrations of foun:2 fluorotelomer sulfonates (n:ETSs) that were
guantified in NIST 224&re not reportebereor included in evaluations of the effects of stressing,
with the exception of n:2 FTS concentrations in moisture bateies MB-E (Section3.5).
Information forthe 51PFASquantifiedin thistechnical note alongith their associated reference
standards is provided ifablel andSectionA.1.2.

2.4. PFAS Analysis

Three analytical methods for the identification and quantification of PFAS were utilized and are
referred t o,isss oftiwamnvd | fiad dHé amalytitakmethod used to quantify
PFASconcentrations shown inTable 1.Extensive description of thesgethodsvere previously
describedn NIST TN 2248[22]. Briefly, in the nonvolatile method PFAS were extracted from
stressed firefighter gear textiles $gnication in methanait25 °Cwith subsequerdgentrifugation,
filtration through graphitized carbd&NVI-CarbSPEtubes 500 mg x 6 mL)and evaporation to
dryness under nitrogest 40°C. Dried nonvolatile extracts were reconstituted in methanol and
analyzed by LEGMS/MS. PFAS analyzed by the semivolatile and volatile analytical methods were
extracted simultaneously by sonication in ethyl acaeate5 °Cand subsequementrifugation,
filtration through graphitized carb@BNVI-Carb SPE tubes, 500 mg x 6 majhd evaporation to

2 mL under nitrogeat 35 °C The combined semivolatile and volatile extracts were then analyzed
by LC-MS/MS or GGMS, respectively.



Summed PFASoncentrationghat werebelow reporting limits odid not meet quality control
standards wergivena value and variance of zeReporting limits are PFAS specifiReporting
limits for nonvolatile and semivolatile PFAS wer® $ug/kg. Reporting limitdor volatile PFAS
were much higher; no reporting limit wa8.6 ug/kgandsome wer@ver 100ug/kg. More details
on report limits are available in Appendix A.3.4 and Tablé 73.

Prior to analysis, the samples were starethe dark at ambient temperaturandinside plastic
resealable bager up to 602 daysTo investigate if volatile PFAS concentrations could change
during extended storage, volatile PFAS concentrations werapa@d among thirteen
simultaneously prepared cuttings of outer shell textileFBM that were extracted after between

62 and 602 days of storage. In these cuttings, the concentrations of two volatilé(6FEFRBVIAC

and 6:2 FTOHB were consistently obserdebove reporting limits and linear regressions of their
measured concentrations over time were not found to be significantly different from O (i.e., F < 1).
Therefore, no evidence was found that indicated volatile PFAS concentrations were changing over
the durations that stressed textiles were stored.

It is worth noting thateporting limits were markedly different for some PFAS in some textiles
before and after stressing. The difference in reporting limits between the analysis of stressed and
stock texties especially complicates analysis of the apparent change in 6:2 FTMAC and 6:2 FTOH
concentrations in the two scoured textiles (i.e.;ABL and OSSC). 6:2 FTMAC reporting

limits were elevated in the analysis of unstressed compared with stressed testbise
measurements of volatile PFAS in unstressed textiles were made with a modeMS @@l cap

that contributed 6:2 FTMAC to the measured concentrations. For the analyses of stressed textiles,
a different model of G@/S vial cap was used that cabuted lower amounts of 6:2 FTMAC and
allowed lower reporting limits to be determined. Similarly, 6:2 FTOH reporting limits were
elevated for the determination of unstressed compared with stressed textiles and this was largely
due to the use of a calibiant range that included lower concentrations of 6:2 FTOH for the
analysis of stressed textiles.



Table 1. PFAS d¢ass names and abbreviatipimgdividual compound nanseandabbreviations,
analytical methoslused for quantificatiof individual PFAS(i.e., NV for nonvolatile,SV for
semivolatile, oV for volatile), and Chemical Abstract Service Registry Numbers (CAS RN) of
all PFAS analyzed in thigchnical note

Analytical

Class Name Method CASRN
Perfluorobutanoic acid (PFBA) NV 37522-4
Perfluoropentanoic acid (PFPeA) NV 270690-3
Perfluorohexanoic acid (PFHxA) NV 307244
Perfluoroheptanoic acid (PFHpA) NV 375859
Perflurocarboxylic Perfluorooctanoig aci(_j (PFOA) NV 33567-1
acids (PFCA) Perfluorononanoic acid (PFENA) NV 375951
Perfluorodecanoic acid (PFDA) NV 33576-2
Perfluoroundecanoic acid (PFUnDA) NV 205894-8
Perfluorododecanoic acid (PFDoDA) NV 307551
Perfluorotridecanoic acid (PFTrDA) NV 7262994-8
Perfluorotetradacanoic acid (PFTeDA) NV 037606-07
Perfluoropropane sulfonic acid (PFPrS) NV 42341-6
Perfluorobutane sulfonic acid (PFBS NV 375735
Perfluoropentansulfonic acid (PFPeS) NV 2706914
spli;gﬂ?crc;?:liléasne Perfluorohexane sulfonic acid (PFHx NV 108427538
(PFSA) Perfluoroheptane sulfonic acid (PFHpS) NV 37592-8
Perfluorooctane sulfonic acid (PFOS) NV 4529890-6
Perfluorononane sulfonic acid (PENS) NV 6825912-1
Perfluorodecane sulfonic acid (PFDS) NV 33577-3
Perfluorobutane sulfonamide (FBSA) NV 30334691
Perfluorohexane sulfonamide (FHXSA) NV 41997131
;i;gﬂgﬁ%ggne Perfluorooctane sulfonamide (FOSA) NV 75491-6
(FASA) N-Methyl perfluorobutane sulfonamide (MeFBSA) SV 68298124
N-Methyl perfluorooctane sulfonamide (MeFOSA) SV 3150632-8
N-Ethyl perfluorooctane sulfonamide (EtFOSA) SV 415150-2
Perfluorooctane sulfonamido acetic acid (FOSAA) NV 280624-8
Perfluoroalkane N-Methyl perfluorooctane sulfonamido acetic acid
sulfonamido acetic (MeFOSAA) NV 2355319
acids (FASAA) N-Ethyl perfluorooctane sulfonamido acetic acid
(EtFOSAA) NV 299150-6
Perfluoroalkane N-Methyl perfluorooctane sulfonamido
sulonamido ethanol(MeFOSH sV 244480907
ethanolFASE) N-Ethyl perfluorooctane sulfonamido ethafBtFOSE) SV 1691-99-2
Perfluore3-methoxypropanoic acid (PF40PeA) NV 377731
Perfluore2-ethoxyethane sulfonic acid (PFEESA) NV 11350%#82-7
Perfluore4-methoxybutanoic acid (PF5OHXA) NV 86309089-5
Per and Perflu0r03,6dioxahepta_noic _acid (B-QPFHpA) NV 151772586
polyfluoroalkyl Hexafluoropropylene oxide dimer acid (HFE2\) NV 13252136
. 4,8 Dioxa-3H-perfluorononanoate (ADONA) NV 95844544-8
ether acids (PPEA) - .
9-Chlorohexadecafluor8-oxanonel-sulfonic acid NV 75642658 1
(9CI-PF30ONS)
11-Chloroeicosafluore-oxaundecand-sulfonic acid NV 763051929

(11CHPF30UdS)




Table 1. (Continued)

Analytical

Class Name CAS RN
Method
n:2 Fluorotelomer 8:2 Fluorotelomer acrylate (8:2 FTAcr) V 27905459
acrylates (n:2 FTAcr)  10:2 Fluorotebmer acrylate (10:2 FTAcr) V 17741605
n:2 Fluorotelomer 6:2 Fluorotelomer methacrylate (6:2 FTMAC) V 2144538
methacrylates (n:2 8:2 Fluorotelomer methacrylate (8:2 FTMAC) V 1996889
FTMAC) 10:2Fluorotelomer methacrylate (10:2 FTMAC) V 2144549
n:2 Fluorotelomer 8:2 Fluorotelomer acetate (8:2 FTOAC) V 3785805-02
acetates (n:2 FTOAc) 10:2Fluorotelomer acetate (10:2 FTOAC) V 3785805-02
4:2 Fluorotelomer alcohol (4:2 FTOH) V 204347-2
5:2 Fluorotelomer alcohol (5:2 FTOH) V 914637051
n:2 Fluorotelomer 6:2 Fluorotelomer alcohol (6:2 FTOH) V 647-42-7
alcohols (n:2 FTOH) 7:2 Fluorotelomer alcohol (7:2 FTOH) V 24015836
8:2 Fluorotelomer alcohol (8:2 FTOH) V 678397
10:2Fluorotelomer alcohol (10:2 FTOH) V 8701797-8
4:2 Fluorotelomer sulfonic acid (4:2 FTS) NV 757124724
n:2 Fluorotelomer 6:2 Fluorotelomer sulfonic acid (6:2 FTS) NV 2761997-2
sulfonicacids (n:2 FTS) 8:2Fluorotelomer sulfonic acid (8:2 FTS) NV 39108344
10:2Fluorotelomer sulfonic acid (10:2 FTS) NV 12022660-0

2.5. Abrasion

Previously unstressedrdfighter turnout gear textiles were abradeghinst a standard abradant
fabric following a method described INFPA 1971, § 8.5223], International Organization for
Standardization (ISO) standatd94 73 fiDetermination of Abrasion Resistance of Fabrics by the
Martindale MethodPart 30[31] and ASTMstandard4966fAStandard Test Method for Abrasion
Resistance of Textile Fabrics, Martindale Abrasion Tester Meth{82] using a Martindale
abrasion teste(James and Heal Co. Lttlinited Kingdon). Briefly, circular textile sections
approximately\88 mmin diameteywere cut from each firefighter gear textih scissorand the
mass of each csectionwasrecordedThe sections weriienplacedinto a specimen holder with
a polyurethane foam backing disk. The assembled specimen holder wasipkheddartindale
abrasion testemandweight was added to produeepressure of 9.RPA + 0.2 kPAbetween the
textile and the abradant fahrisbradant fabris, made of worsted wool with a plain weaweere
supported on a standard felo limit contamination between samplésth the abradant fabsc
and polyurethane foam backimiisks were replacedetween textilesAdditionally, up to four
textile samples were abraded simultaneously and theigltmslomedividersweremanufactured
and incorporated intthe abrasion tester to prevent contaminatbone textilefrom airborne
particlesreleased bythe abrasion of anothdextile. Glass dome dividers were rinsed with
methanol between stressisgssionso further reduce cross contaminati&@ach textilespecimen
was subjected to 20000 rubs witltranslational movemerthatfollowed a Lissajous figureat a
rate of47.5 revolutions per minute with a maximum stroke length of BOrb Afterwards each
textile wasremoved from thebrasion testeandhadits mass recordedgain Abradedtextiles
were storedn the darkat ambient temperatenin 15 mL polypropylenecentrifuge tubegor
between 12laysand 372 daysntil extraction



2.6. Elevated Temperature

Previously unstressedtdfighter turnout gear textiles weexposedo elevated temperature
hot air circulatingoven (EQDHG-9000JB, MTI CorporationRichmond, CA using a method
described in NFPA 1978 8.6[23] and ASTM standard=289419 fiStandard Test Method for
Evaluation of Materials, Protective Clothing, and Equipment for Heat Resistance Using a Hot Air
Circulating Ovem [33]. Briefly, aconvection oven was heatedietweer260 °Cand268 °Cfor

at least30 minuteswith the temperaturgerified by a thermocouple suspended inside the oven.
Sectionsof eachfirefighter geatextile werecut toapproximatelyl52mm by50 mmwith scissos
andthe massef the cut sectionsvere determinedDuring exposure to elevated temperatures,
sectiors weresuspended inside the ovby a metal hoolto preventcontactwith ovensurfaces.
Textile sections wereexposedto elevated temperaturaadividually to reduce the risk of
contaminationWhen sectionswere placednside the oven, thdoor wasclosed no longer than
10 condstfter it was first opene@achsectionwas leftin the ovenwith the air recirculatindor

5 minutes after theneasuredemperature returned to 260. Then thesectionwasremoved and
suspendedn a cooling racko return to ambient temperatureforeits mass was recordejain
The part ofeachtextile section that had been in contact with the metal hook was remated
scissorsFollowing exposure to elevated temperatgectionsvere stored in the dadd ambient
temperaturensideplastic resealableagsfor between 2Haysand 594 daysntil extraction.

2.7. Laundering

Previously unstressedrdfighter turnout gear textiles were laundered the National Personal
Protective Technology Laboratory, followirsyprocessdescribedin National Fire Protection
Association Standard.851 fiStandard on Selection, Care and Maintenance of Protective
Ensembles for Structural Fire Fighting and Proximity Fire FighGr{PFA 1851)34]. Sections

of each textile were cub approximately 16 mm by 920 mm andstored separately from other
sectionauntil laundering Eachsectionwas laundered individuallio reduce crossontamination

in a washerextractor(Pellerin Milnor Corporation, Kenner, LAjlong with ten cotton towels
(100% cotton; approximately 0.725 kg each) to act as ballast during the washing and better
simulate typical laundering conditions. Citrosque€z€ Products Group, Dallas, T)§detergent
marketed abeingNFPA 1851 compliant for the cleaning of turnout gear and personal protective
equipment, was added to each wash cybtethe best of our knowe d g e, Citrosquee:
contain PFAS Each sectionwas washed three times and dried in a drying cabinet between
washingsMoisture barriers and the thermal liners were laundered using an-Nj¢viied gear

liner laundering cycle that subjects geatawer gforces than the cycles specified for the outer
shells. Following thethird wash cycle eachsectionwas subjected to a final rinse cydte a
household washing machit@remove any residual detergéetfore being huntp air dry.

Following laundering, mangectionswere wrinkledor had gathering and bunching along the
stitching. Additionally, some sectionsxhibited fraying along unfinished edges. To limit the
impact ofgathering, bunching, or frayingn PFAS measurementsamplesfor PFAS analysis
were cut from the interior daunderedsectionwhere no visible fraying or bunching waesent
Laundered textile sections were stored inftistic resealable bags ambient temperatures in
the darkfor between 20Haysand 565 daysantil extraction.



2.8. Weathering

Previously unstressedrdfighter turnout gearouter shelltextileswere subjected taccelerated
weathering by alternating exposuréo ultraviolet light and moistureusing an accelerated
weathering tester QUV by Q-Lab, Westlake, OB, following NFPA 1971 8§ 8.62 [23],
International Organization for Standardizatgiandardi8923 : 2 OMethod idf Exposure to UV
Lamp Sources[35] and ASTM InternationalstandardG154 fiStandard Practice for Operating
Fluorescent Ultraviolet (UV) Lamp Apparatusterx posur e of Non[@&@. Oyl | i ¢ M
outer shell sections were exposed to weathering as they are expected totheckighest solar
radiation during use of any turnout gear lay@uter shellsectionswere cut to dimensions of
approximately76 mmby 152 mmwith methanolrinsed scissorsmounted in a QUV specimen
holder, and placdinto theQUV testerThe QUYV tester was programmed to expose textile section
to an8 hoursdry exposure periodith an irradiance 00.76 W/nt at 340 nmandthe black-panel
temperaturef 50 °C + 3 °C followed by a 0.2%ourswater sprayeriod with UV lamps off and
uncontrolledblackpanel temperature, afidally a 3.75hourscondensation exposure periwwih

the UV lamps off and the blacipanel temperature sé& 50 °C £ 3 °C.These periods were
sequentiallyepeated®4 additional times$or a totalexposure durationof 300hours While up to
seven textile samples were weathered simultaneously, samples did not share QUV specimen
holders which prevented water th@ondensed on one textile from running onto anothbe
weathered sections wetteenremoved from the QUYV tester and regions of the outer shetiloss
that had been shielded by the QUV specimen hpédet therefore naxposed to UV radiatign
were timmed off with methanolrinsed scissorsQUV specimen holders were cleaned with
methanol betweethe weathering of each textid/eathered outer shell textile sections were stored
inside plastic resealable bags ambient temperatures in the ddok between 62days and
637 dayantil extraction.
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3. Results

PFAS were quantifiedin firefighter geartextile sections that had been exposed to abrasion,
elevated temperature, laundering, or weatheasdetailedbelow. Each textile sample was only
exposed to a single stressing process andRAS are reportefbr textilesthat wereexposedo
multiple stressing procességdditionally, changes in section mass that occurred during exposure
to abrasion oelevated temperature amso reported

3.1. Abrasion

3.1.1. Change in Textile Mass with Abrasion

Small changes irthe mass otextile sectios occurredduring abrasior(i.e., median change
- 0.61 %), likely due tosmall amounts oéachtextile beingworn awayby the abrasive fabric
Measured fractionahanges ithemass of eactextile are shownn Table2. The changgin mass
shown inTable2 may underestimate trectualchangs in massdue toabrasionaspart of each
textile sectionwas protected from abrasion by thitgachmentleviceof the abraderBecause of
this potential underestimatiorand the small magnitude of the observed chang&¥AS

concentrations in abradeeltiles are reported in units of {RFAS/ kg of abraded textile.

Cuttings from six textiles were observed to increase (P < 0.05, pa&st in mass which could

be attributed to small amounts of material fromdbeadant fabric or polyurethane foam backing

disk transferring to the textile during abrasion. There. was no measurable PFAS in the abradant
fabric or foam, therefore, PFAS measured in the abraded samples are only from the firefighter
textiles themselves.
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Table 2. Mean and standard deviation of measured fractional mass change in textile following abrasion.
Positive values indicate increased mass while negative values indicate decreased mass. * Indicate
significantly different (P < 0.05, paired t-test) masses before and following abrasion.

Mean + Standard DeviationMass

Textile Change Following Abrasion(%) Number of Replicates
MB-A 1.36 £0.72* 8
MB-B 0.98 + 180* 8
MB-C -1.07 £ 0.95 8
MB-D -1.16 £ 0.29 8
MB-E -1.13 £0.26 6
MB -F 0.50 £ 0.44 8
OSA -0.15 £ 0.65% 4
OSASC -1.95 + 0.98 8
0SB 1.03+£0.29 8
0osC -0.11 + 0.54 8
OsSD 0.04 +£0.23 8
OSE -0.72£0.42 12
OSF -0.60 £ 0.0% 8
OSFSC -5.62 £ 0.88 8
0SG -0.62 + 0.77 8
TL-A -4.09 £ 345 4
TL-B -3.73+0.86 4
TL-C 149 £0.453 4
TL-D -2.29 + 135 4
TL-E 3.19+£0.08 4

3.1.2. PFAS Occurrence and Concentration in Abraded Firefighter Gear Textiles

Across 2(bradedirefighterturnoutgear textiles, 2PFAS werequantified aboveeporting limits
with between2 and 18PFAS quantifiedin individual textiles (Figure 1; Table 5 -Table 73)
including perfluorocarboxylic acidsRFCA9 with between3 and 13 perfluorinated carbons,
perfluoroalkane sulfonic acid®FSA9 with 3 to 8 and 10 perfluorinated carboresydper and
polyfluoroalkylsulfonamides (FASAs) with, 6, and &erfluorinated carbon¥hemost identified
PFAS werethe PFAAs perfluoropenanoic acidPEPeA present in 18 abraded textiles),
perfluorobutanoic acidRFBA; 17textileg, andperfluorobutane sulfonic at(PFBS;16textiles,
however, their individual concentrationgreall under120ug/kg. Two 6:2 fluorotelomer PFAS
were quantified above reporting limitsahleast 1 abraded textilgandwere present at theghest
individual concentrationof any observedPFAS 6:2 FTMAC was quantifiedin 11 abraded
textilesat up to 544Qug/kg = 560 pg/kg (OSD; Table 38) while 6:2 FTOH was quantifiedn
13 textiles at up to 171g/kg + 320 pg/kg (OD).
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Figure 1. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from triplicate
analysis of firefighter turnout gear textiles following abrasion.
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Following abrasion, DWR-treated outer shell textiles had the highest summed PFAS
concentrationsf anyabraded textés (Figure2), with summed PFAS concentratio@sging from
2170ug/kg £ 200 pg/kg fnean of summed concentratioinem triplicate analysis combined
standard uncertaintyf)S-G; Table55) to 7160ug/kg + 640 pg/kg OSD; Table39), followed by
moisture barrier textiles with summed PFAS concentrations ranging from pdgkg

+ 5.1 pg/kg (MB-B; Table 8) to 204 ug/kg = 410 ug /kg (MB-A; Table 5). Despite up to
17 PFAS being identified above reporting limits imdividual abraded thermal liner textiles
summedPFAS concentrationsranged from 2.81 pg/kg + 0.18 pg/kg (AE; Table 71) to
10.7pg/kg+ 1.7 ug/kg (TL-C; Table65) andwere much lower thasummed PFAS concentrations
in moisture barrier oDWR-treatedouter shell textilesTwo PFASwere identified in thescoured
outer shell OS-SC at a summed concentration of 0.Q@#kg = 0.012ug/kg (Table51) while
eightwereidentified in OSASC at a summed concentration of 3jdgekg £ 8.0 pg/kg(Table27).

mMB o sc TL
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80001
- } 40
-4 1 o
S o = [] prca
30
= = [] prsa
@ 4000 7] ] n:2 FTmac
m S 20 ] n:2FTOH
= = .Other
20001 10
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S2EES28888888 ShFFFFR
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Figure 2. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout gear
textiles following abrasion. Error bars indicate the combined standard uncertainty of summed
concentrations. PFAS class is indicated by shade.

N:2 FTSconcentrationarenotincludedin summed PFAS concentrations following abrasion, or
other stressing processes, because intermittgintmental contaminatiqureventedhar analysis
from consistentlymeeting quality contro(QC) standardsHowever, n:2 FTSsvere a small
contributor tothe overallsummed PFAS concentrations in unstressed teXtikes < 0.6 % of
summed PFAS mass and < 8 pg summed n:2 FTSkggpt forMB-E where n:2 FTSs
contributed614 pg/kg + 15 pg/kg which accounted for 32.9 % of the overall summed PFAS mass
Because n:2 FTS measurementse repeatetbr stressed MEE after contamination issues had
been addressed;2 FTSconcentrationsire reporte@nddiscussedor stressedVB-E in Section
3.5 For all stressed textiles):2 FTS measurementshat did meet QC standardecluding
measured PFA8oncentrations and reporting limitee shownn Table5 - Table73though they
are not included in summed PFAS measurements.
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Nonvolatile PFAS were determinedth the same extraction and analytical procedures as the
stressed firefighter gear textil@s both the worsted wool abradant fabric and the polyurethane
foam used in the abrasion process to determine if firefighter textdedd accumulaté®FAS

during abrasiorPFPeA(0.046ug/kg +0.004ug/kg), perfluorononanoic acid (PNFA;,050ug/kg

+ 0.004ug/kg), perfluorohexane sulfonic aci®PFHxS;0.151ug/kg £ 0.030ug/kg), and PFOS
(0.286ug/kg +0.036ug/kg) were all quantified above reporting limits in the abradant fabric, as
was PFBA (0.278 pg/kg = 0.0Q49/kg) in the polyurethane foam. Due to the low individual and
summed PFAS concentratioobserved in these naatals, they were unlikely to appreciably
contribute to the observed PFAS concentrations in abraded textiles and therefore acceptable for
use in abrasion stressing.

3.1.3. Change in PFAS Occurrence and Concentration Following Abrasion

Higher numbers ofPFAS were quantified in abraded firefighter textilesompared with
correspondinginstressed textilehenumber of total identified PFA&cross all textilescreagd
from 23 to B with abrasion anthe median number of PFAfuantifiedabove reporting limiten
each textile rose frond to 10 following abrasionGraphical representations of the changes in
PFAS occurrence and concentration with abrasion &fegure21 -Figure27.

SummedPFAS concentrations wehegher following abrasiosompared with unstressed textiles

in five outof six moisture barrier textiles, as well as all DWRated outer shell and thermal liner
textiles Figure3). Compared with corresponding unstressextiles, he median summed PFAS
concentrationsfollowing abrasionwas 467 ug/kg higher for moisture barrier textilegi.e.,
increased fron807 pg/kgto 774ug/kg), 2070 ug/kg higherfor DWR-treatedouter shell textiles
(1430 pg/kg to 3500 pg/kg), and 4.65 pg/kg higher for thermal linertextiles (1.18 pug/kg to
5.84pug/kg). Summed PFAS concentrationgere slightly lower in only two abradedtextiles
compared with the corresponding unstressed texiBsE (1251 pug/kg+ 89 ug/kgto 1240ug/kg

+ 54 pg/kg) and OSFSC (0.335 pg/kg: 0.032ug/kgto 0.065 pg/kg: 0.012ug/kg). The largest
relative increase irusnmed PFASoncentrationgvith abrasion occurred in tlsgoureduter shell

textile OSASC (22.2 times increase) and the thermal liner textile®T16.3times) and TEE

(14.8 times) all of which had summed concentrations belomg&kg when unstressedVhile the
combined standard uncertainties associated with measurements of abraded textiles wame larger
absolute termshan those associated witimstressed textile@-igure 3) the ratios of combined
standard uncertainties to summed PFAS concentrations are similar between unstressed and
abraded textilesAmong all unstressed textilete combined standard uncertainty of the summed
PFAS concentrain ranged from 3.3 % to 31.7 % of the summed PFAS concentnatibra
median value 08.9 % while among abraded textiles the same range3wha%bo to 26.7 % with a
median of 10.2 %.

It should be noted that the reported increase in summed PFAS concenttaDSASC with
abrasion overestimates the true change because assumptiorihat concentrations determined
to be below reporting limits are zero for the purposes of summed PFAS concentdations
unstressed O8SCthe concentration @:2 FTOH wagletermined tde below the reporting limit

of 183 pug/kg, while in abraded O®&SC it wasdeterminedo be34.8ug/kg = 7.9 pg/kg with a
reporting limit of31.0ug/kg. Becausehe reporting limit of 6:2 FTOH in unstressed-BSC was
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higher than the reported value of 6:2 FTOHbmadedDS-ASC, it cannot b&nown if6:2 FTOH
concentrations actuallincreased with abrasion. In fa&;2 FTOH concentrationsould have
actually decreased by over 80 %4th abrasion (i.e., 18Rg/kg to 34.8ug/kg), but becaus¢he
concentration of 6:2 FTOHh unstressed O8SC wasdetermined to be below the reporting limit,
it is assumed to have increased from zero to 3¢/i8y + 7.9 ug/kg for the purposes of determining
the change in summed PFAS concentrations.

6:2 FTMAC and 6:2 FTOH were primarily responsible foe tincreases in summed PFAS
concentrations in moisture barrier and BWeatedouter shell textiles following abrasiodf the

13 moisture barrier and DR#treatedouter shell textiles, changes in the summed concentration of
6:2 FTMAC and 6:2 FTOH with abrasion was equivalent to between%%sfad 114 %of the

total change in summed PFAS concentrafitre summed concentrations ménvolatile PFAS
(Figure 29) alsoincreased in most textiles during abrasion, though absolute amount of increase
was muchsmaller than forolatile FFAS.

SevenPFAS were present in at least one abraded textile that were not observed in any unstressed
textile (i.e., EtFOSAA, HFPEDA, MeFBSA, PF40PeA, PFHXS, PFPeS, and PFTrDA) while two
PFAS were identified in at least one unstressed textile and gigsim all textiles following
abrasion (i.e., FOSAA and PFHpS). However, these PFAS were present at relatively low
concentrations and summed to less thaug/&g in any abraded textil@ip t00.46 % of overall
summed PFAS masand less than 0.5 pg/kg any unstressed textil@p t00.08 % of overall
summed PFAS mass)
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Figure 3. Summed PFAS concentrations determined by triplicate analysis of firefighter gear textiles
following abrasion on y-axis and unstressed firefighter gear textiles on x-axis. Error bars indicate
combined standard uncertainty. Textile type is indicated in panel label and individual textiles are indicated
with marker labels. A 1:1 concentration ratio (i.e., identical concentrations measured in textile prior to and
following stressing) is indicated with a dashed line.

3.2. Elevated Temperature

3.2.1. Change in Textile Mass with Exposure to Elevated Temperature

The mass of textile sections was determimemr to and following exposure to elevated
temperatureandall textile sectionsvere observed to havest mass duringtressing(Table 3).
Additionally, changes in mass experienced during exposure to elevated tempesxeiager
than those experienced by the textiles durim@sion However PFASconcentrations in textiles
exposed to elevated temperatuegs reported in units of ug PFASkg of textile following
exposure to elevated temperatdue tothe low magnitude of the measumdsschanges.
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Table 3. Measured mass changes in textile samples following thermal stressing. Positive values indicate
increasing mass and negative values indicate decreasing mass. Statistical significance of mass changes
was not evaluated due to the low humber of replicates. Where multiple measurements were made,
individual measurements are separated by a comma.

MeasuredMass Change(s) with Exposure t

Textile Elevated Temperature (%)
MB-A -7.0,-6.1
MB-B -5.2,-5.4
MB-C -6.6,-5.3
MB-D -8.1,-10.7
MB-E -2.8,-7.1
MB -F -8.4,-3.6
OSA -5.2
OSASC -2.8
OoSB -9.5
0osC -3.7,-2.4
OSD -5.0
OSE -5.8
OSF -7.0,-4.7
OSFSC -1.2
0OSG -8.1
TL-A -9.4,-10.5
TL-B -16.4,-16.9
TL-C -4.8,-2.7
TL-D -3.8,-11.5
TL-E -8.3,-5.9

3.2.2. PFAS Occurrence and Concentration in Firefighter Gear Textiles Exposed
to Elevated Temperatures

22 PFAS were quantified above reporting limits in at least one tdgtlteving exposure to
elevated temperaturewiith individual stressedextile containing betweemero and 14PFAS
(Figure4). PFCAswith fewerthan six perfluorinated carbgrBFBS, 6:2 FTMAC, and 6:2 FTOH
which wereall quantified above reporting limits in at least 11 textfieflowing exposure to
elevated temperature&:.2 FTMAC and 6:2 FTOH werhe only volatile PFAS quantified above
reporting limits in any textile following exposure to elevated temperatumsever, they were
guantified at the highest concentrations of emalvidual PFAS, with 6:2 FTMAC preserat up to
5200pg/kg £ 110 pg/kg (OSF; Table48) and6:2 FTOH preserdit up to 226 ug/kg + 58 ug/kg
(OSF). While noper andpolyfluoroalkylether acidPPEA)was identified in unstressed texs)e
HFPODA, perfluoro2-ethoxyethane sulfoc acid PFEESA, andperfluoro-4-methoxybutanoic
acid(PF50HxA) wereeachidentifiedat low concentrations (i.e., summed mass less than 0.9 pg/kg
and fraction of summed PFAS mass less than 1lm%ie or twotextilesfollowing exposure to
elevated temperature
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Figure 4. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from triplicate
analysis of firefighter turnout gear textiles after exposure to elevated temperature.
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Following exposure to elevated temperaturasnsed PFAS concentrations were highest in
DWR-treated outer shell textiles, ranging from 14¥@kg + 190 pg/kg (OSG; Figure5) to
7290ug/kg £ 130 pg/kg (OSF), and lower in moisture barrier textiles which ranged fraame
above reporting limit§MB-B) to 764ug/kg + 24 pg/kg (MB-A). Summed PFAS concentrations
in thermal liner textiles ranged frononequantifiedabove reporting limit§TL-C) to 4.86ug/kg

+ 0.88ug/kg (TL-E).
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Figure 5. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout gear
textiles following exposure to elevated temperature. Error bars indicate the combined standard
uncertainty of summed concentrations. Shading indicates PFAS class.

3.2.3. Change in PFAS Occurrence and Concentration Following Exposure to
Elevated Temperature

A similar number ofPFAS were quantifiedbove reporting limits across adixtilesexposedo
elevated temperatureompared withcorrespondingunstressedextiles (i.e., 22 vs. 23)and a
similarnumber of PFASverequantifiedin each textilewith the median numbelecreamg from
seven to sixln threetextiles(i.e., MB-B, TL-C, TL-D) no PFAS were quantified above reporting
limits following exposure to elevated temperatut@smmed PFAS concentrations were higher
than in the equivalent unstressed textilesviar of six noisture barrier textiles, all nine outer shell
textiles, and three of five thermal liner textil€sgure6). MedianPFAS concentrations following
exposure to elevated temperatures wihe pg/kg lower among moisture barrier@990 pg/kg
higheramong DWR-treatedouter shell textilesand 1.59 pg/kg higher amonghermal liners.
Graphical representations of the changes in PFAS occurrence and concentration with exposure to
elevated temperature are showirigure2l - Figure27.
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Figure 6. Summed PFAS concentrations determined by triplicate analysis of firefighter gear textiles
following exposure to elevated temperatures on y-axis and unstressed firefighter gear textiles on x-axis.
Error bars indicate combined standard uncertainty. Textile type is indicated in panel label and individual

textiles are indicated with marker labels. A 1:1 concentration ratio (i.e., identical concentrations measured
in textile prior to and following stressing) is indicated with a dashed line.

Changesn summed PFAS concentratiafterexposure to elevated temperatures were largely due
to changes in 6:ETMAC and 6:2FTOH concentrations6:2 FTMAC concentrations fell in all
moisture barrier but rose in all outer shells by up to 4610qu{kSF; Table 48). Similarly,

6:2 FTOH concentrations rose in 12 out of 13 textiles where it was obsdroee reporting limits
prior to stessing with a mediarincreaseof 342 ug/kg among these textiles\s with abrasion,
changes in 6:2 FTMAC and 6:2 FTOkerenearly equivalent to the changassummed PFAS
concentrationand accounted fdoetween 99.7 % and 105 % of the oveddldnge in summed
PFAS concentrations following exposure to elevated temperatures in textiles where they were
identified after stressinig all textiles excep¥B-E where summed PFAS concentrationsfielin

1251 pg/kg to 731 ug/kg while thesummed concerdtions of 6:2 FTMAC and 6:2 FTOH fell
from 1190ug/kgto 222 pg/kg.
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Similar to the change in measuré@ FTOHconcentratiorin OSASC following abrasion, the
guantification of6:2 FTMAC and 6:2 FTOH in O8SC and OS-SCat concentrations above
their repating limits in textiles that had been exposed dlevated temperatureesultedin
apparently large increasef summed PFAS concentratioimsthese textiles. Howevedue tothe
higher reporting limitsecordedfor the analysis of 6:2 FTMAC and 6:2 FTOH unstressed
textiles compareavith stressed textilest cannot be known if the concentrations of these PFAS
increased in the scoured outer shells with exposure to elevated temperature. For example,
6:2 FTMAC was previously determined to peesent in unstressed @S&C at less than the
reporting limit 0f326 pg/kg and was here determined to be presentiA&XSfollowing exposure

to elevated temperatures at 68 pugi4j7 pg/kg.Therefore, while for the purposes of determining
summed PFAS caentrations in O&SC, 6:2 FTMAC was assumed to increase from zero to
68 ug/kg, 6:2 FTMACconcentrationgould havein fact decreased bgalmost 80 % (i.e., from
325ug/kg to 68 pg/kg).

While sammed nonvolatile PFAS concentrations decreased in ontst shell textilessummed
volatile PFAS concentrations increased ih @uter shell textiles with exposure to elevated
temperaturesHigure 30 and Figure 31). Conversely, rast moisture barrier and thermal liner
textiles had higher summed nonvolatiie PFAS concentrations after exposure to elevated
temperatures, while three moisture barrier textiles had lower volatile PFAS concentrations after
exposure to elevated temperatuiidee measuredhcreases in volatile PFAS concentration in outer
shell textiles following exposure to elevated temperaturese warexpectedgiven that
experimentally derived and predicted boiling points of 6:2 FTMAC and 6:2 Flr@hkng from

140°C to 220°C and 9C°C to 174°C, respectively37-39]), are wellbelow the 260C elevated
exposure temperatur&@he observation of highesummed volatile PFASoncentrations after
exposure to elevated temperatures cauldicate their productionfrom the degradation of
fluorinated polymersas well asan increase in the fraction of PFARat are extractable from
firefighter gear textiles following exposure to elevated temperat&teslies on the release of
PFAS from fluorinated polymers at elevated temperatures hgureally used much higher
experimental temperatures than those used teeexamine conditiongelevant to municipal
incineration[40]. Therefore, the extent to which fluorinated polymers in DWR treatnsests
degradd by exposure to air 0°C is unknown.

Four PFAS werguantified above reporting limita at least onérefighter geatextile falowing
exposure to elevated temperatures that wereohsérvedprior to stressingi.e., HFPGDA,
PF40OHXA, PFEESA, PFTrDA) whilive PFAS were not identified in any textile following
exposure to elevated temperature that had been identified in abheasistressedextile (i.e.,
EtFOSE, FHxSA, FOSA, FOSAA, MeFOSE). However, these PFAS were present at relatively
low concentrations and summed less thanuy/kg in anytextile prior to or following exposure

to elevated temperatures
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3.3. Laundering

3.3.1. PFAS Occurrence and Concentration in Laundered Firefighter Gear Textiles

PFAS concentrations were determined $hfirefighter gear textilefollowing laundering(OS-F

was not laundergd15 unique PFAS werdetermined to be present above reporting li@ioss

all laundered textilesvith between one and 11 PFAS identified in individual laundered textiles
(Figure7). FBSA, PFBA, PFHXA, PFOS, PFPeA, 6:2 FTMAC, and 6:2 FTOH were the most
widely detectedwith each present above reporting limits in at leastldithderedtextiles
6:2FTMAC and 6:2 FTOHwere presentt the highest concentrations of any PEFA®th

6:2 FTMAC quantifiedat up to 1293ug/kg = 42 ug/kg (OSC; Table37) and 6:2 FTOH up to
223ug/kg = 25 pg/kg (OS-C).

Following laundering, DWRreated ater shell textiles had the highest summed concentrations of
any textileclass with summed concentrations ranging from 474 pg/k@ pg/kg (OS-G; Figure

8) to 153 pg/kg + 49 pg/kg (OSC), followed by moisture barrier textiles, which ranged from
39.6ug/kg £3.5ug/kg(MB-C; Tablel3) to 1111 pg/kg +43ug/kg(MB-E; Tablel19), and thermal
liner textiles, which ranged from 0.99g/kg +0.012pug/kg (TL-E; Table73) to 31 pg/kg *

2.5 ug/kg (TL-A; Table 61). Summed PFAS concentrations launderedscouredouter shell
textilesranged from 6Qig/kg = 12 pg/kgOSFSC Table53) to 96.3ug/kg + 36 pg/k (OS-ASC,
Table29) which was less thaintactouter shell textiles but abovieermal liner textiles.
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Figure 7. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from triplicate
analysis of firefighter turnout gear textiles following laundering.
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Figure 8. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout gear
textiles following laundering. Error bars indicate the combined standard uncertainty of summed
concentrations. PFAS class is indicated by shade.

3.3.2. Changes in PFAS Occurrence and Concentration Following Laundering

Only 15 unique PFASvere quantifiedacrosdaundered firefighter gear textilesdthe median
number ofPFAS quantifiedin individual textilesdecreased fromsevenprior to stressingo 5.5
following launderingPFAS concentratioria laundered moisture barrier and thermal liner textiles
were similar to or lower than in the correspondinginstressedextiles as summed PFAS
concentratiordiffered byless than 15Qig/kgin all moisture barrier textileandless than ug/kg

in all thermal liners(Figure9). Summed PFAS concentrations in laundered outer shell textiles
were either similar to (O€, OSE, OSG) or lower thafOS-A, OSB, OSD) the concentrations

in correspondinginstressed outer shell textilewever, smmed PFAS concentrations incredse
in both scouredouter shelldy over a factor of 50Graphical representations of the changes in
PFAS occurrence and concentrationhwekposureo laundering are shown figure21 - Figure

27.

As with abrasion and exposure to elevated temperatua@ges in sumniePFAS concentration
with laundering were largelydriven by changes in the concentrations of 6:2 FTOH and
6:2FTMAC. 6:2 FTMAC concentrationsere lower following laundering in eight of the ten
textiles where it waguantified in corresponding unstressesgtiles with concentrations falling
by as much as 916 ug/kg (€. Similarly, following laundering 6:2 FTOH concentrations were
between 83.4 pug/kg and 178 pg/kg lower in all the outer shell textiles where it had been detected
in the corresponding unstsesd outer shell textileslowever, inthe launderedcoureduter shell
textiles,0OS-ASC and OS-SC, which did not have detectable 6:2 FTMAC concentrapdos to
laundering 6:2 FTMAC wagyuantifiedand accounted for over 99.6 % of the summed PR&S.

in OSASC following exposure taabrasion orelevated temperaturehd quantification of
6:2FTMAC in these textiles following laundering may beesultof the much lower reporting
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limits determinedfrom the analysis of laundered textiles (i.e., ~ 70 pg/kg vs.~ 330 ug/kg)
Alternatively, the appearance of these PRA%e scoured outer sheftslowing launderingcould
indicate that laundering allowed the extraction of PFAS that were not extractable from the
unstressed textiles.

While changes imverallsummedPFAS concentrations with laundering were largely sinidar
changes in summed volatile PFAEigure 34), changes insummed nonvolatile PFAS
concentrationsveredistinctin some textilesFor example, while overall summedd summed
nonvolatile PFAS concentrations in MBE fell with laundering, summed nonvolatile PFAS
concentrations rose with laundering due to highezasuredconcentrations of FBSAI.€.,
92.1ug/kg highen and PFBS (14Rg9/kg highe)). Additionally, while the overall summed PFAS
concentrations rose in @8SC and OSSC, the summed nonvolatile PFAS concentrations fell
by over 75 % in bothHigure 33).

Two PFAS were present in at least one laundered textile but no unstressed textiles (i.e., PFHXS,
PFTrDA) while 10 PFAS were present in at least one textile when unstressed but not in laundered
textiles (i.e., EtFOSE, FHxSA, FOSA, FOSAA, MeFOSE, PFDS, PFHRRNA, PFPrS,
PFUNDA). However, the sum of these PFAS did not exceed 1.6 pg/kg in any textile before or after
launderingand accounted for less th@rD2 % of the summed PFAS in any laundered textile and
less than 15 % of the summed PFASny anstressetextile.
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Figure 9. Summed PFAS concentrations determined by triplicate analysis of firefighter gear textiles
following laundering on y-axis and unstressed firefighter gear textiles on x-axis. Error bars indicate
combined standard uncertainty. Textile type is indicated in panel label and individual textiles are indicated
with marker labels. A 1:1 concentration ratio (i.e., identical concentrations measured in textile prior to and
following stressing) is indicated with a dashed line.

3.4. Weathering

3.4.1. PFAS Occurrence and Concentrations in Weathered Outer Shell Textiles

A total of 15 unique PFAS we identified aross all weathered outer shell textiles, compared with
17 in corresponding unstressed outer shells, with a medeigldfPFASIidentifiedin individual
weathered outer shell textildgigure 10). PFCAs with between three ari8 perfluorinated
carbonswere quantified above reporting limitas werePFBS, perfluorooctane sulfonamide
(FOSA), 6:2 FTMAC, and 6:2 FTOH. PFCAs with between three and six perfluorinated carbons
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were almost universally detected amowgatheredouter shell textiles, but all individual
concentrationsvereunder 100 pg/kg, while 6:2 FTMAC and 6:2 FTOH were univergaigsent

in DWR treatedouter shell textilesat concentrations between 9%fy/kg to 4080 pg/kg and

590pug/kgto 1250 pg/kg, respectively.
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Figure 10. Mean PFAS concentrations (ug PFAS/kg textile or ppb mass ratio) determined from triplicate
analysis of firefighter turnout outer shell textiles following weathering.
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Summed PFAS concentrations in weathered outer shell textiles with intact water repellent
treaments ranged from 1736 ug/kg = 98 pg/kg €GSTable58) to 5300 pg/kg + 1200 pg/kg
(OSC; Table38), with 6:2 FIMAC and 6:2 FTOH making up between 88.7 % and 99.9 % of
the summed PFAS madsigure1l). Among the two weathered scoured outer shell textiles, only
6:2 FTMAC was quantified above reporting limits in @SC while no PFAS were in GESC
(Table30andTable54).

Three PFAS were identified in at least one weathered outer shell textile (i.e., PENS, PFTeDA,
PFTrDA) that were not identified in any uretsed outer shell textiles, while an additional five
PFAS were identified in at least one unstressed outer shell textile, but not in any UV irradiated
outer shell textiles (i.e., FBSA, FHxSA, FOSAA, PFDS, PFOA). These PFAS were present at
summed concenttians less than 1.4 pg/kg in any outer shell textile prior to or following
weathering and contributed less than 0.004 % of the summed PFAS mass in any weathered outer
shell textile.
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Figure 11. Summed PFAS concentrations determined from triplicate analysis of firefighter turnout gear
outer shell textiles following weathering. Error bars indicate the combined standard uncertainty of
summed concentrations. PFAS class is indicated by shade.

3.4.2. Change in PFAS Occurrence and Concentration in Weathered Outer Shell
Textiles

Compared withunstressedextiles, summed PFAS concentrations were higher iwedithered
DWR-treatedouter shell textiles and one of the taapuredreated outer sheixtiles (Figurel2).

The median increase inmmed PFAS concentratiofdlowing weathering of DVR-treatecdouter
shell textiles wa350ug/kg. Virtually all the increase in summed PFAS concentrations arose
from increases in 6:2 FTMAC and 6:2 FTOH, both of which rose in alREtW¥atedouter shell

29



textiles. Followingweathering of DWR-treated outer shell textilesthe median increase in
measured concentration&as 153Qug/kg for 6:2 FTMAC and 771ug/kg for 6:2 FTOH Among
DWR-treatedouter shell textiles, the sum in change of 6:2 FTMAC and 6:2 FTOH concentrations
was equivalent to betweet 8 and 102 % of the change in summed PFAS concentration.
Graphical repgsentations of the changes in PFAS occurrence and concentrationeattiering

are shown irFigure23 -Figure25.

As with the stressing processeadiscussed aboyethe apparent increase in summed PFAS
concentrations in O8SC with weatherings due to the quantification of 6:2 FTMA&bove
reporting limitsin weathered O&SC while it was found to be below reporting limits in unstressed
OS-ASC and therefore assuméa be present at a concentration of zétowever, it cannot be
known if theconcentration of 6:2 FMAC in weathered @SC (i.e., 151 pg/kg+ 18 pg/kg)was
above the6:2 FTMAC concentration in unstressed @SC due to the highereporting limit
recordedor the analysis of unstressed-@SC (i.e.,326 pg/kg.

The change in summed volatile PFAS concentrationswaththeringwvere largely similar to the
changes seen in the overall summed PFAS concentraffogsre 34) while the summed
concentrations of nonvolatile PFAS fell in most BWviteatedouter shell textiles and in both
scouredbuter shell textilegFigure35).
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Figure 12. Summed PFAS concentrations determined by triplicate analysis of firefighter gear outer shell
textiles following weathering on y-axis and unstressed firefighter gear textiles on x-axis. Error bars
indicate combined standard uncertainty. Textile type is indicated in panel label and individual textiles are
indicated with marker labels. A 1:1 concentration ratio (i.e., identical concentrations measured in textile
prior to and following stressing) is indicated with a dashed line.
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3.5. N:2 FTS Concentrations in Moisture Barrier Textile MB-E

N:2 FTS concentrationsould not be quantified for sonstressedextiles andarethereforenot
discussed abowver included insummed PFAS concentratiortdowever theywerequantifiedin
MB-E prior to as well as followingtressing Therefore,N:2 FTS concentrations in MB are
discussedn this sectionto provide information about this PFAS class, whiehs presentin
MB-E at summed concentrationser 75 times highghanin any other unstressed text{leigure
13, Figure 14, and Figure 15). Compared with 6:2 fluorotelomer sulfonate6(2 FTS
concentrationsneasured in unstressed MB(613 pg/kg + 15 pg/kg), 6:2 FTS concentrations
were similar following abrasion (518)/kg + 48; Figure13) and exposure televated temperature
(503 pg/kg = 57 ng/kg) but lower (36.2 pg/kg = 2.1 pg/kg) following laundering. Similarly,
measuredt:2 fluorotelomer sulfonate (4:ETS) concentrationsn MB-E prior to stressingi.e.,
0.85ug/kg+ 0.27ug/kg) werecomparable td:2 FTS concentrations recordetiowing abrasion
(0.828ug/kg + 0.091 pg/kg) andexposure to elevated temperat(@e82 + 0.16 pg/kg), but were
belowthereporting limits(i.e. < 0.139ug/kg) following laundering.

- > 1,000 pg/kg
Bl 300- 1,000 ugikg
[ 100 - 300 wgikg
[] o-100 ugig
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Figure 13. Average summed n:2 FTS concentrations determined from triplicate analysis of MB-E1
following exposure to abrasion (Abr.), elevated temperature (Heat), or laundering (Lau.).
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Figure 14. Summed n:2 FTS concentrations in MB-E prior to stressing (new), as well as following
abrasion (Abr.), exposure to elevated temperatures (Heat), or laundering (Lau.). Error bars indicate the
combined standard uncertainty of summed concentrations.

When the contributionfon:2 FTS to summed PFAS concentrations in-EBvere considered
(Figurelb), similar changes occur with stressing as when n:2 FTS was ex¢kidack3, Figure

6, Figure9). For example, when n:2 FTS was included, summed PFAS concentrationsih MB

were similar before and aftabrasion (i.e., 186fag/kg + 88 ug/kg in unstressed arid20 ug/kg

+ 73 pg/kg) and decreased by a similar amount with exposure to elevated temperatures (1236

po/kg £ 94 pg/kg) or laundering (1147g/kg £ 43 pg/kg). Similarly, when n:2 FTS was not
included, summed PFAS concentrations in -MBlecreasedlightly with abrasion (i.e., 1251

po/kg = 87 pg/kg to 124Qug/kg + 54 pg/kg) and decreased by a similar amount with exposure to

elevated temperatures (738/kg = 75 pg/kg) or laundering (111jug/kg + 43 pg/kg).
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Figure 15. Summed PFAS concentrations, including n:2 FTSs, determined from triplicate analysis of MB-
E following stressing on y-axis and prior to stressing MB-E on x-axis. Error bars indicate combined
standard uncertainty. Stressing type is indicated in panel label. Dashed line indicates a 1:1 concentration
ratio.

4. Discussion

Exposingstructural firefighter turnout gear textiles stressinghangedneasuredndividual and
summed PFA8oncentrationsandthose bangewvariedbetweerapplied stresssand textiletypes
(Table4). While suammed PFAS concentratiomreasedn 18 of 20firefighter geatextileswith
abrasiorandin eightof nineouter sheltextileswith weatheringexposure to elevatedmperatures
and launderingoroduced more variedhanges Exposure to elevated temperatures decreased
summed PFAS concentratiomsfour of sixmoisture barrier textiles (median charageoss all six
moisture barrier textiles 34 %) andtwo of five thermal liner textiles € 29 %) but increased
concentrations in alkevenDWR-treatedouter shell textileg+ 249 %). Similarly, laundering
increasedsummed PFASoncentrations irthree of sixmoisture barrier textiles (1 %), but
decreased summed PFAS corications insix of severDWR-treatedouter shell textiles-(29 %)
and in 4 of 5 thermal liner textiles48 %). Thewide variation in concentration changes suggest
developing amunderstandingf howstressesalterPFAS concentrationis firefighter geatextiles
requires accountingr the influence omultiple processes as well asfferences amonggxtile
types and individual textiles.

Table 4. Median changes in summed PFAS concentrations by stressing and textile type.
©0 >+150%, © + 25 % to + 150 %, ® -25% to + 25 %, © < - 25 %. NS i not studied.

Abrasion Elevated Temp Laundering Weathering

Moisture Barrier (+ X+ () x NS
Outer Shell (+ X +] (+ X +] (- (+ X +)
Thermal Liner (+ Y+ (+) () NS

The largest increases in summed PFAS concentratiomrred withabrasion and the exposure of
outer shell textiles televated temperature or weatherifigable 4), and heseincreaseswere
largely driven bychanges ir6:2 FTMAC and 6:FTOH concentrationswhich werethe PFAS
present in the highest concentrations before and sfitessing Changesn 6:2 FTMAC and
6:2 FTOHconcentrationgn outer shell textilesvere equivalent to 98 % to 100 % of the overall
summed PFAS change following abrasam 85 % to 102 following weatheringln bothMB-

A and MB-D, whichhadthe largest absolute anglativeincreassin summed PFAS concentration
with abrasionamong noisture barrier textilesthe increasein 6:2 FTOH and 6:2 FTMAC
concentrations were equivalent to 99 % ofalkerall summedoncentration increas8imilarly,
where stressing decreased summed PFAS concentrations, such as in outer shelivithxtiles
laundering, the decreases walso largely derived from changes in the concentrations of
6:2FTMAC and 6:2 FTOH, which accounted for at leas#®bf the summed PF&\in outer shell
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textiles both before and after launderigermal linertextilesare arexceptiorasno6:2 FTMAC
and 6:2FTOHwasdetected prior to or after stressirig.thermal liner textileschanges isummed
PFAS concentratiawerealmostentirely derived fronchanges irPFAAs These sum PFAS
changesverebelow six ug/kg and did not change by more than six pfpkgtressing process,
which ismuch smaller thanbservedn the outer shell and moisture barrier textiles)

The targeted anaigal approach utilized herprovideslimited insight into themechanisms
underlying theobservedchanges irtextile PFAS concentratiaswith stressing For example,
PFAS transformationsvill only be observedif the reactantand products arancluded inthe
targetedist of analyzed PFASAdditionally, delineating the contributions of specific mechanisms
is complicated by thepotential simultaneous occurrenoé multiple processes during textile
stressingas suggested irgviousexamination®f PFAS concentrations in DWiReated textiles
before and after stressirig7, 29, 30] For example,changes in PFAS concentrations from
weathering may be a result of multiple processdkiorinated polymer degradation, PFAS
transformabns, evaporatioof volatile PFAS and ringng out of water soluble PFAS

However, changes in thmeasuredoncentration®f specific PFAS subsetscan provide some
insight into the processes occurring during textile stressibgasionresultedin overdl summed
PFAS concentratioimcreasesnot only among volatile PFA&s discussed aboyEigure28), but
alsoin summechonvolatile PFAS imosttextiles(Figure29). In the only prevous study of PFAS
in abraded DWRreated textilesSchellenberger et dR7] quantified total fluorine by combustion
ion chromatography ilDWR-treated textiles that had previously been exposesixtanonths
outdoor weatherindpefore and afteabrasion with Maindale abrader (3000 rulzg 9 Pa)and
laundering with a domestiwaster. This study foundotal fluorine concentrations fell following
abrasion and laundering, which the authors indicateslikely due to removal of the outegxtile
layers that contaired much of theapplied DWR treatment. In contrast, thacreased PFAS
concentrations with abrasion observed here could indicate that abrasiessed théraction of
the PFAShat was released during extractienen as portion ofthetextileswas visbly abraded
away,

Laundering resulted in decreaseamnsned PFAS concentratioms most firefighter gear textiles
compared to the corresponding unstressed texHiggire 9). Having observed decreased total
fluorine concentrations iIDWR-treated textiles following abrasion and laundertbghellenberger

et al. [27] identified numerous processes that could lead to reduced PFAS concentrations in
laundered textiles, including washut of fiber fragments containing DWR treatments, wash

of water soluble PFAS, and evaporation ofatile PFAS, as well as processes that could lead to
increased PFAS concentrations such as the degradation of fluorinated polymers. In cantrast, v
der Veen et al[30] reported the onlypreviousPFAS measurements taken before and after
laundering of a DWRreated textile that had npteviously beerstres&d andfound thatwhile

PFAA concentrations were largely unchandkd concentration 06:2 FTOH increased from

92 ug/kg to 150ug/kg. Van der Veen et di30] suggestedhis increasenay indicate arincrease

of 6:2 FTOHfraction hat was extactable by methanol dhe hydrolysis 06:2 FTOH precursors
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during launderingEach of these processemy occurto varying degrees during launderiagd
produce conflictindk?FAS concentration changasross a range of individual textiles

While exposure to elevated temperatureproduced varied changes in summed PFAS
concentrations compared with unstressed firefighter gear textiéstile PFAS concentrations
were higher in all outer shell textilashen compared with corresponding unstressed textiles
(Figure30). There are no previous reports of PFAS concentrations in tefdilesing exposure

to elevated temperatures, libie boiling points of bét 6:2 FTMAC and 6:2 FTOHhave been
predicted tdoe under 260 °(g38, 39] while sidechain fluorinated acrylatdsave beerfiound to
partially decompose at temperatures under 3q@2{CTherefore, exposure to 28C could result

in the simultaneousaporization ofvolatile PFASand degradation of fluorinated polymeiidhe
observed increase in volatile PFAS concentrations in outer shell textiles following exposure to
elevated temperatures suggébtd other processes beyond vaporization were occurring and could
be indicative of enancement of the extractable fraction of volatile PFAS or the production of
PFAS from degradation of fluorinated polymers.

Weathering of outer shell textilegsulted in increasesummed volatile PFA8oncentrations
relative to unstressed outgrell textilegFigure34), and nconsistent changes among nonvolatile
PFAS Figure 35). Additionally, visible discoloration occurreid all outer shell textiles during
weatheringwhichwas taken to indicate degradation of testdeDWR treatmentsAs with other
stressing processes, multipheechanismsaffecting PFAS concentrationsould be occurring
simultaneously duringveathering Three previous studies evaluated PFAS concentrations in
DWR-treated textilebefore and afteweathering. Schellenberger et [@7] exposed polyamide
textiles treated with sidehain fluorinated polymers tsix months outdoor expaose in Sydney,
Australiaand quantified 42 PFAS by extraction with methanol and analysis bBMMEGIS and
GC-MS. After weatheringPFAA concentrationsadincreasedby as much as 70Q@y/kg buttotal
fluorine concentrationglecreasedwhich the authors suggted was indicative ophysical
processes such as the evaporation of volatile PFAS during outdoor exposure as well as the washing
out of both soluble PFAS and polymewated textile fibers with raif27]. Additionally, because
outdoor exposure apparently produced smahpolymericPFAS with similar perfluorinated
chain lengths as the polymer PFAS that were originally applied aslsaie fluorinated polymers,
the authors suggested that radiscated degradation of sidbain fluorinated polymers or PFAA
precursors could also be occurring.

Two previousstudies used an ATLAS weath@meter to weather outdoor clothing sampgiz3j

or high performance outer wear textitaat had beetreatedwith sidechain fluorinated polymer

based DWR formulationf80]. In outdoor clothingconcentration increases of up to 100 p/m
(equivalent to 600 pg/kg assuming é/kg) were observed fandividual PFCAsand PFBSwhile

volatile PFAS concentratioriacreaseddy up to 400 pg/nt for multiple n:2 FTOHs and over

170 pg/nt for 6:2 FTMAC[29]. Similarly, in response to laboratory weathering, incre&eaiA

and volatile PFAS concentrationere observed in DWHReatedouter weatextiles[30]. In both

studies, multiple mechanisms thought to be relevant to the measured PFAS concentration changes
were proposedincluding changes in the extractable fraction of PEAgdrolysis of fluorinated
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polymersforming nonpolymericPFAS, and the conversidry reaction with radical species or
hydrolysisof PFAS that were naheasuredby the study methods to those that wje& 30]

As discussed abové;2 FTMAC or 6:2 FTOH were quantifiedbove reporting limitsn some
stressed textiles but not the corresponding unstressed,kiibdd causethrgeapparenincreases

in the reportedummed PFAS concentrations. For example, ne@22F TMAC or 6:2 FTOHvas
guantifed in scoured outer shell textilgsior to stressingbut both PFAS were repeatedly
observed in scoured outer shell textiles following stres&iagause volatile PFAS reporting limits
were frequently much lower for the analysis of stressed comparedimsthessed textiles, the
guantification of 6:2 FTMAC and 6:2 FTOH following stressing could derive from their being
present at concentrations above reporting limits from the analysis of stressed textiles, but below
the reporting limits from the analysid anstressed textiles. For example, 6:2 FTMAC and
6:2 FTOH reporting limits in unstressed &&C (i.e., 326ug/kg and 183 pg/kg, respectively)
were above all reported 6:2 FTMAC and 6:2 FTOH concentrations in thes&QOSfter stressing

(i.e., up to 196 kg = 47 pg/kg and 129 pg/kg + G8y/kg, respectively). However, the use of
unstressed OESC as a extraction blank suggests that, at least forR3&, differences in
reporting limits were not solely responsible for the apparent increases in volatiie PFAS
concentrations with stressinfheapparent increase in concentratodthese PFAS could indicate
their productiorduringstressingr contaminatiorfrom contact withother samplesuch aPbWR-
treated outer shell textileghich had 6:2 FTMAC concentratis up to 5570 pg/kg = 330 pg/kg
after stressing. However, if contamination was responsible, only moisture barrier and outer shell
textileswere affectedas 6:2 FTMAC or 6:2 FTOH were not detectedhermal liner textils.
Additionally, their appearanca scoured textiles could indicétee scouring process left remnant
PFASwhich were not extractable fronmnstressetkextiles butbecameextractableafter stressing

Ten PFAS were observed above reporting limits in at least one stressed textile but not in any
unstressed textile, including foBPEAs a class that was not observed in any unstressed textile
(i.e., HFPGDA, PFEESA, PF40PeA, and PF50HXA). However, thesdyniedentified PFAS did

not account for a large fraction of summed PFAS in any stressed textile as none were quantified
above 1 pg/kgexcept for MeFBSA in abraded M8 (2.01 pg/kg £ 1.94 ug/kg) and abraded
MB-E (8.74 pg/kg + 1.00 pg/kg). Given their lamoncentrations, the detection of these PFAS in
stressed but not unstressed textiles calddderive from differences in reporting limits recorded
during the analysis of stressed compared with unstressed firefighter gear textiles rather than
genuine incrases in concentration from stressing. For example, MeFBSA reporting limits in
unstressed textiles ranged from 0.825 pg/kg to 6.38 pg/kg, compared with 0.104 pg/kg to
1.25ug/kg in stressed textiles.

The identification oPPEAsin stressed firefighter gegextiles was unexpecteds they were not
detected in the corresponding unstressed texBsor in textilesexamined byanotherstudy of
firefighter turnout geathat quantified PPEAf0]. While thisis the first report of PPEAS in
firefighter turnout gear textiles, it is not clear that their quantification above reporting limits was
due to changes in their concentration during stressiog example only HFPGDA could be
verified by a secondary miugttle reaction monitoring transitioas £condary transitions were not

36



collectedfor PF40PeA, PF50HXA, and PFEESA. Additionatlye tothe highvariability of the
reported HPFEDA measurements (i.e., average relative standard deviation: 50.2 %) and low
measured concentrations of the otREEAS(i.e., up td0.068 pg/kg = 0.00jdg/kg), contamination
during storage, stressing, or extraction cannot be ruled out.

The presence of PFAAs in firefighter geapfgarticularinterest given the previous reporting o
elevated PFAA concentrations in therum offirefightersrelative to the general populati{814,

16, 17, 42, 43]PFAAs were widely identified in stressed textiles, with at least one PFAA
identified in 62 out of 69 stressed textiles, including PFCAs with between 3 and 13 perfluorinated
carbons as well as PFSAs wiitbtween 3 and 10. However, PFAA concentrations were typically
much lower tharconcentrations of 6:2 FTOH and 6:2 FTMAC. For example, PFOA and PFOS
were not quantified above 2 pg/kg in any stressed texfiditionally, summed PFAA
concentrations changedlith stressingsimilarly to theoverall summedPFAS concentrations

which could indicate that differences in the extractable fraction of PFAS due to textile stressing
were responsible for the observed changes in mea&ftfFé@d concentrationsFor example,
summed PFAA concentrations increased in 17 of the 18 textiles where overall summed PFAS
increased with laundering and summed PFAA concentrations increased by similar ratios as overall
PFAS(Figure9 andFigure33). However, in outer shell textiles, PFAA concentrations were more
likely to decrease while overall summed concentrations increased with abrasion or weathering.
Summed PFAA concentrations in D\AtReated outer shell textile®lf in five of sevenwith
abrasion andh four of severwith weathering, while overall summed PFAS concentrations rose

in all DWR-treated outer shell textiles with abrasion or weathefihgsedecreases could derive

from abrasive removal of textile layers that contained fluoringgelymer derivedDWR
treatmentsjoss from reaction with radical species, or the rinsing out waker spray during
weathering.

This NIST Technical Note was productxrassist in determining the potential for typical use to
changaneasuredFAS concentrations structurafirefighter gearHowever, therare limitations

that complicate making correlations between the observed changes in PFAS conceatndtion
changs in theamount of PFAS a firefighter may be exposed to ffioefighting gear.The targeted
analytical approach used here witlly observe PFAS that are included in the targeted analyte list
Previous examinations of PFAS in firefighter gear that detezth both targeted PFAS
concentrationand total fluorine measurements or total oxidizable precursor assay measurements
have found that targeted PFAS measurements only account for a small fraction of the total fluorine
present in firefighter gear textilesd that targeted PFAS measurements may not agree with total
F measurement0, 24, 27] Further some FFAS could have been released from the textiles
during stressing while still presenting a potential PFAS exposure source to firefighters. For
exampleduringexposure to abrasiofragmentswere observed fallinfrom the firefighter gear
textiles which indicates that theabrasionof firefighter gearcould contribute to fire station dust,
which has previously been confirmed to contain PH24& 44] Additionally, firefighter gear
textiles lost up to 17 % of their original mass when exposed to elevated temperedbieS)( if

this loss of mask indicaive of thereleaseof gaseous PFASen is it likely a similar PFAS loss

may occur when the gear is used in the fi€ldhally, kecause PFAS concentrations are reported
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here in terms of the stressed textile mass, dberease in mass may result in ever
undeestimated PFAS mags garmentdollowing exposuredo abrasion oelevated temperatures.
However, changes in textile mass with exposuragbt@sion oelevated temperatures were small
relative to the changes sBummed PFAS concentrations, which increased by up to 26 times in
NFPA 1971 compliant textiles

This report builds orNIST Technical Note 2248 which reportd®FAS concentrationsn
unstressedirefighter geattextilesandfoundthatthe summed PFA$nassn afirefighter garment

made ofequal masses ofoisture barrier, outer shell, and thermal liner textiesld vary by up

to a factor of six depending avhich textile wasselected for each layg22]. If a similar garment

were made of the stressed textiles reported, h@neeven largerange of summed PFAS
concentrationsvould be possibleA garment made from equal massethefstressedextileswith

the highest summed PFAS concentratigns., abraded MBA, OSF exposed to elevated
temperatures, and abraded-Tt. aveage summed PFAS: 3110 pg/kgduld contain more than

20 timeghesummed®FASmass of garment made from equal masses of the lowest concentration
textiles (MBB, OSG, TL-E; averagsummedPFAS 158 pg/kg).Additionally, a garment made

from the highest aacentration stressed textiles would have about 2.5 times the summed PFAS
mass of one made from the highest concentration unstressed textiles (average summed PFAS:
1250ug/kg). The observation ohigher summedPFAS mass in stressed textiles suggests that
measurements of PFAS in unstressed or new textiles could underestimate the PFAS concentrations
that would be measured in the same textiles after use in firefighting actilntiest, pevious
studies of PFAS in DWRreated textiles undergoing outdoor agj7] or laboratory weathering

[29] bothfound thattextilesthat met European Uniorstandards for PFAS concentratsomhen
newsometimedailed to meethe samerequirements aftestressingFurther, lecausesach textile

was only stressed onae this report it is not known ifPFAS concentrations would continue to
change withrepeatedtressingasa previous report of PFAS concentratiamgextiles subjected

to outdoor aging did observe larger chanigéiewing six months of exposu@mparedvith three
months[27].

While summed PFAS concentrations were frequently higheressed@ompared with unstressed
firefighter geatextiles thermal liner textiles still had the lowest summed PE&i&centrations of

any type of firefighter gear textil§ hiscould imply lowerdermalPFASexposure to firefighters

than would be expected from averaging the PFAS concentrations measured in all three textile
types,asthermal liners are the clodatyer toskin in assembled gear. No thermal liner textile had

a summed concentration ovE3.7ug/kg+ 1.7 pg/kg (i.e.abradedrL-C) following any stressing
process.

In NIST TN 2248, summed PFAS concentrations in unstressed firefighter turnout gear textiles
were compared to summed PFAS concentrations determined in other reports of firefighter gear
and firefighter gear textild20-22, 24] It was observed that othesports which included used or

older firefighter gear reported higher summed PFAS concentrations than determined in NIST TN
2248. To evaluate the extent to which stressing may contribute to the wider range of summed
PFAS concentrations observed across iptey reports, Figure 3 from Maizel et §R2] is
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reproduced here with the overlay of summed PFAS concentrations measured in firefighter textiles
after stressingHigure 16). Summed PRAS concentrations in stressed gear were both higher and
lower than in corresponding unstressed gear depending on the gear and stressing process.
However, trends observed among unstressed textiles remain, for example summed concentrations
generally increas&éom thermal liner textiles to moisture barrier textiles to outer shell textiles.
Additionally, the differences in summed concentration with stressing (i.e., from decrease of
109ug/kg to increase of 633@0g/kg) are similar to or smaller than the rangeswinmed PFAS
concentrations observed across previous repddts22, 24] which may indicate that stressing

alone is insufficient to account for the observed differences.
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Figure 16. Summed PFAS concentrations in turnout gear textiles following abrasion (square), exposure
to elevated temperatures (triangle pointing up), laundering (diamond), weathering (triangle pointing
down), or prior to stressing (circle). PFAS measurements from three reports of unstressed firefighter gear
[20,21,24] are also shown. Markers are ordered according to summed PFAS concentrations determined
from analysis of unstressed textiles.
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5. Summary

To investigate the extent to which physical stressors could change PFAS catimentin
firefighter gear, his NIST TNquantifiedthe concentrations of 51 PFAS across 20 firefighter gear
textilesfollowing exposurdo abrasion, elevated temperature, laundering, or weath@hagge

in PFAS concentration with stressingre determined by comparison wiRiFAS concentrations
determined previously ioorrespondinginstressedextilesin NIST TN 2248

Abrasion was found toincrease summed PFAS concentrations for all textile types while
weatheringonsistentlyncreasd summed PFAS concentrations in outer shell textil@asndering
produced relatively small changes in summed PFAS concentrations across all textiles and exposure
to elevated temperature increased summed PFAS in outertesttéés but resultedn smaller
changes in the remaining texttigpes. e largesabsolutechangesn PFAS concentratiowere
observed in outer shell textilegth weatheringwherethe median summed PFAS concentration
increased from 96fg/kg to 3520 pfkg. Where stressingincreased summedPFAS
concentrationghese changes were primarily duércreases in the concentrations of 6:2 FTMAC

and 6:2 FTOH, which were also the highest concentration PFAS in unstressed turnout gear textiles
rather than the ggearance of previously unobserved PEAS in unstressed textiles, summed
PFAS concentrations tended to be highestriessed DWRreated outer shell textiles and lowest

in stressed thermal liner textiléa/hile the targeted analytical approached usatisiINIST TN

cannot distinguishbetween the manprocesseshat couldcontribute toalteredtextile PFAS
concentrationsvith stressingthe observed changesith abrasion and weatherirzge consistent

with changesn the fraction of PFAS that aextractableby the analytical method used in this
report

The findings of thidNIST TN agree withthose previously reported f®FAS in stressed DWR
treated textileswhich also observethat stressing can increase PFAS concentratiotextiles
Therebre, accuratelyestimatingfirefighter PFAS exposure from geaequires considering how
PFAS concentratiamay change as thgear is used

6. Future Work

NIST is continuing to researcbther potential sources of PFAS exposure to firefightach as
gear won by wildland firefightersas well ashoods and gloves worn by structural firefighters.
Additionally, future work willuse highresolution mass spectrometry to identify a broader swath
of PFAS than thdimited numberof compounds quantified here, includirsgreening for
compounds such as-iethyl perfluorobutane sulfonamido ethai@leFBSE)which has been
identified in firefighter turnout ge420]. Finally, to better relate the measurements made here with
the actualPFAS exposure to firefighterghe capacity of simulated sweat to extract PFAS from
firefighter turnout gear will be evaluated.
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Table 5. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-A.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 1.02 +0.78 0.509 PFEESA <RL 0.019

PFPeA 1.49 + 0.52 0.162 PF40PeA <RL 0.020

PFHXxA 8.45 +0.62 0.279 PF50HXA <RL 0.018

PFHpA <RL 0.288 3-6-OPFHpA <RL 0.019

PFOA <RL 0.139 HFPO-DA <RL 0.191

PFENA <RL 0.020 ADONA <RL 0.018

PFDA <RL 0.131 9CI-PF30ONS <RL 0.036

PFUNDA <RL 0.048 11CI-PF30UdS No Value

PFDoDA <RL 0.069

PFTrDA <RL 0.095 n:2 FTAcr (V)

PFTeDA <RL 0.134 8:2 FTAcr <RL 27.1
10:2 FTAcr No Value

PFSA (NV)

PFPrS <RL 0.028 n:2 FTMAC (V)

PFBS 0.075+0.021 0.080 6:2 FTMAC 960 + 47 45.2

PFPeS <RL 0.019 8:2 FTMAC <RL 46.2

PFHxS 0.082 +0.036 0.018 10:2 FTMAC <RL 24.4

PFHpS <RL 0.019

PFOS <RL 0.061 n:2 FTOAc (V)

PFENS <RL 0.038 8:2 FTOAC <RL 26.3

PFDS No Value 10:2 FTOAcC <RL 13.3

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.66 £+ 0.11 0.020 4:2 FTOH <RL 68.7

MeFBSA (SV) <RL 0.138 5:2 FTOH <RL 65.4

FHXSA (NV) 0.039 +0.013 0.020 6:2 FTOH 1070 + 410 25.3

0.0334 +

FOSA (NV) 0.0083 0.020 7:2 FTOH <RL 65.1

MeFOSA (SV) <RL 0.347 8:2 FTOH <RL 121

EtFOSA (SV) <RL 0.348 10:2 FTOH <RL 65.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.020 4:2 FTS No Value

MeFOSAA <RL 0.09 6:2 FTS No Value

EtFOSAA <RL 0.0 8:2 FTS <RL 0.087
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.349

EtFOSE <RL 0.721
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Table 6. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of triplicate
measurements) and reporting limits (RL) for MB-A following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 1.36 £ 0.28 0.719 PFEESA <RL 0.017
PFPeA 0.923 £ 0.00 0.038 PF40PeA <RL 0.019
PFHXxA 3.54 +£0.28 0.344 PF50HXA <RL 0.019
PFHpA <RL 0.156 3-6-OPFHpA <RL 0.019
PFOA No Value HFPO-DA <RL 0.019
PFENA <RL 0.075 ADONA <RL 0.019
PFDA <RL 0.040 9CI-PF30ONS <RL 0.020
PFUNDA <RL 0.106 11CI-PF30UdS <RL 0.020
PFDoDA <RL 0.031
PFTrDA <RL 0.034 n:2 FTAcr (V)
PFTeDA <RL 0.022 8:2 FTAcr <RL 16.6
10:2 FTAcr <RL 16.0
PFSA (NV)
PFPrS <RL 0.044 n:2 FTMAC (V)
PFBS <RL 2.19 6:2 FTMAC 357 £ 14 56.8
PFPeS <RL 0.020 8:2 FTMAC <RL 58.1
PFHxS <RL 3.46 10:2 FTMAC <RL 30.6
PFHpS <RL 0.021
PFOS <RL 3.64 n:2 FTOAc (V)
PENS <RL 0.042 8:2 FTOAC <RL 16.2
PFDS <RL 0.022 10:2 FTOAcC <RL 16.7
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) <RL 0.022 4:2 FTOH <RL 33.9
MeFBSA (SV) <RL 0.872 5:2 FTOH <RL 82.2
FHXSA (NV) <RL 0.022 6:2 FTOH 431 +19 82.8
FOSA (NV) <RL 0.024 7:2 FTOH <RL 81.9
MeFOSA (SV) <RL 0.417 8:2 FTOH <RL 810
EtFOSA (SV) <RL 0.174 10:2FTOH <RL 167
FASAA (NV) n:2 FTS (NV)
FOSAA No Value 4:2 FTS No Value
MeFOSAA No Value 6:2 FTS No Value
EtFOSAA No Value 8.2 FTS No Value
10:2 FTS No Value
FASE (SV)
MeFOSE <RL 0.175
EtFOSE No Value
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Table 7. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-A.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.893 PFEESA <RL 0.042

PFPeA 0.372 £ 0.057 0.218 PF40PeA <RL 0.198

PFHXxA 4,19 + 0.45 0.218 PF50HXA <RL 0.076

PFHpA <RL 1.16 3-6-OPFHpA <RL 0.033

PFOA <RL 0.409 HFPO-DA <RL 0.451

PFENA <RL 0.218 ADONA <RL 0.034

PFDA <RL 0.451 9CI-PF30ONS <RL 0.033

PFUNDA No Value 11CI-PF30UdS <RL 0.034

PFDoDA <RL 0.218

PFTrDA No Value n:2 FTAcr (V)

PFTeDA <RL 0.084 8:2 FTAcr <RL 14.0
10:2 FTAcr <RL 13.4

PFSA (NV)

PFPrS <RL 0.038 n:2 FTMAC (V)

PFBS <RL 0.038 6:2 FTMAC 234 + 26 59.9

PFPeS <RL 0.039 8:2 FTMAC <RL 61.3

PFHxS <RL 0.077 10:2 FTMAC <RL 32.3

PFHpS <RL 0.039

PFOS 1.191 £0.058 0.202 n:2 FTOAc (V)

PENS <RL 0.081 8:2 FTOAC <RL 13.7

PFDS <RL 0.040 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

0.1532 +

FBSA (NV) 0.0061 0.084a  42FTOH <RL 68.6

MeFBSA (SV) <RL 0.440 5:2 FTOH <RL 26.6

FHXxSA (NV) <RL 0.041 6:2 FTOH 129.6 £9.5 70.2

FOSA (NV) <RL 0.110 7:2 FTOH <RL 27.2

MeFOSA (SV) <RL 0.177 8:2 FTOH <RL 102

EtFOSA (SV) <RL 0.439 10:2 FTOH <RL 69.7

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.218 4:2 FTS <RL 0.079

MeFOSAA <RL 0.218 6:2 FTS <RL 0.429

EtFOSAA No Value 8:2 FTS <RL 0.433
10:2 FTS <RL 0.086

FASE (SV)

MeFOSE <RL 0.178

EtFOSE <RL 0.176
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Table 8. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-B.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.889 PFEESA <RL 0.020

PFPeA <RL 0.217 PF40PeA <RL 0.023

PFHxA 0.355+0.064 0.217 PF50HXA <RL 0.197

PFHpA <RL 0.409 3-6-OPFHpA <RL 0.023

PFOA <RL 0.185 HFPO-DA <RL 0.025

PENA <RL 0.076 ADONA <RL 0.023
0.1747 +

PFDA 0.0061 0073  JCI-PF3ONS <RL 0.024

PFUNDA <RL 0.068 11CI-PF30UdS <RL 0.024
0.0678 +

PFDoDA 0.0064 0.064

PFTrDA <RL 0.030 n:2 FTAcr (V)

PFTeDA <RL 0.083 8:2 FTAcr <RL 23.9

10:2 FTAcr <RL 11.2

PFSA (NV)

PFPrS <RL 0.038 n:2 FTMAC (V)

PFBS 5.43+0.72 0.022 6:2 FTMAC <RL 39.9

PFPeS <RL 0.027 8:2 FTMAC <RL 40.8

PFHxS <RL 0.048 10:2 FTMAC <RL 21.5

PFHpS <RL 0.024

PFOS <RL 0.201 n:2 FTOAc (V)

PENS <RL 0.024 8:2 FTOAC <RL 23.3

PFDS <RL 0.024 10:2 FTOAc <RL 11.7

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.461 + 0.07 0.083 4:2 FTOH <RL 60.7

MeFBSA (SV) <RL 0.121 5:2 FTOH <RL 57.7

FHXSA (NV) <RL 0.025 6:2 FTOH 384 +5 22.3

FOSA (NV) <RL 0.033 7:2 FTOH <RL 57.5

MeFOSA (SV) <RL 0.303 8:2 FTOH <RL 107

EtFOSA (SV) <RL 0.303 10:2 FTOH <RL 57.7

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.025 4:2 FTS No Value

MeFOSAA <RL 0.134 6:2 FTS No Value

EtFOSAA <RL 0.115 8:2 FTS <RL 0.049

10:2 FTS <RL 0.127

FASE (SV)

MeFOSE No Value

EtFOSE <RL 0.629
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Table 9. Measured PFAS concentrations (ug-PFAS / kg-textile; mean * standard deviation of triplicate
measurements) and reporting limits (RL) for MB-B following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)
PFCA (NV) PPEA (NV)
PFBA <RL 0.884 PFEESA <RL 0.021
PFPeA <RL 0.047 PF40PeA <RL 0.024
PFHXxA <RL 0.422 PF50HXA <RL 0.024
PFHpA <RL 0.192 3-6-OPFHpA <RL 0.024
PFOA <RL 0.277 HFPO-DA <RL 0.024
PFENA <RL 0.092 ADONA <RL 0.024
PFDA <RL 0.050 9CI-PF30ONS <RL 0.025
PFUNDA <RL 0.130 11CI-PF30UdS <RL 0.025
PFDoDA <RL 0.039
PFTrDA <RL 0.042 n:2 FTAcr (V)
PFTeDA <RL 0.027 8:2 FTAcr <RL 17.7
10:2 FTAcr <RL 17.0
PFSA (NV)
PFPrS <RL 0.054 n:2 FTMAC (V)
PFBS <RL 5.23 6:2 FTMAC <RL 59.4
PFPeS <RL 0.025 8:2 FTMAC <RL 58.4
PFHxS <RL 4.26 10:2 FTMAC <RL 32.0
PFHpS <RL 0.025
PFOS <RL 4.47 n:2 FTOAc (V)
PFENS <RL 0.051 8:2 FTOAC <RL 17.3
PFDS <RL 0.027 10:2 FTOAcC <RL 17.7
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) <RL 0.027 4:2 FTOH <RL 82.7
MeFBSA (SV) <RL 0.439 5:2 FTOH <RL 78.7
FHXSA (NV) <RL 0.027 6:2 FTOH <RL 35.8
FOSA (NV) <RL 0.030 7:2 FTOH <RL 36.0
MeFOSA (SV) <RL 0.437 8:2 FTOH <RL 17.6
EtFOSA (SV) <RL 0.438 10:2 FTOH <RL 90.4
FASAA (NV) n:2 FTS (NV)
FOSAA No Value 4:2 FTS No Value
MeFOSAA <RL 0.027 6:2 FTS No Value
EtFOSAA <RL 0.027 8.2 FTS No Value
10:2 FTS No Value
FASE (SV)
MeFOSE No Value
EtFOSE <RL 0.433
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Table 10. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-B.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 1.09 PFEESA <RL 0.051

PFPeA <RL 0.265 PF40PeA <RL 0.241

PFHxA <RL 0.265 PF50HXA <RL 0.093

PFHpA <RL 1.41 3-6-OPFHpA <RL 0.040

PFOA <RL 0.497 HFPO-DA <RL 0.548

PFNA <RL 0.265 ADONA <RL 0.041

PFDA <RL 0.548 9CI-PF30ONS <RL 0.041

PFUNDA <RL 0.265 11CI-PF30UdS <RL 0.042

PFDoDA <RL 0.265

PFTrDA <RL 0.102 n:2 FTAcr (V)

PFTeDA <RL 0.102 8:2 FTAcr <RL 15.4
10:2 FTAcr <RL 14.8

PFSA (NV)

PFPrS <RL 0.046 n:2 FTMAC (V)

PFBS 0.57+0.9 0.046 6:2 FTMAC <RL 66.0

PFPeS <RL 0.047 8:2 FTMAC <RL 67.6

PFHXS <RL 0.093 10:2 FTMAC <RL 35.6

PFHpS <RL 0.048

PFOS 0.330 £+ 0.019 0.246 n:2 FTOAc (V)

PFENS <RL 0.098 8:2 FTOAc <RL 15.2

PFDS <RL 0.048 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.340+0.081 0.102 4:2 FTOH <RL 75.7

MeFBSA (SV) <RL 0.453 5:2 FTOH <RL 29.3

FHXSA (NV) <RL 0.050 6:2 FTOH 96 + 14 77.4

FOSA (NV) <RL 0.134 7:2 FTOH <RL 30.0

MeFOSA (SV) <RL 0.182 8:2 FTOH <RL 113

EtFOSA (SV) <RL 0.452 10:2 FTOH <RL 76.9

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.265 4:2 FTS <RL 0.096

MeFOSAA <RL 0.265 6:2 FTS <RL 0.521

EtFOSAA <RL 0.265 8:2 FTS <RL 0.526
10:2 FTS <RL 0.105

FASE (SV)

MeFOSE <RL 0.183

EtFOSE <RL 0.181
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Table 11. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-C.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 119.3+7.5 0.819 PFEESA <RL 0.014

PFPeA 1.251 +0.068 0.200 PF40PeA <RL 0.016

PFHXxA 1.81+£0.18 0.200 PF50HXA <RL 0.182

PFHpA <RL 0.277 3-6-OPFHpA <RL 0.070

PFOA <RL 0.125 HFPO-DA <RL 0.017

PFENA <RL 0.051 ADONA <RL 0.015

PFDA <RL 0.049 9CI-PF30ONS <RL 0.031

PFUNDA <RL 0.046 11CI-PF30UdS <RL 0.031

PFDoDA <RL 0.200

PFTrDA <RL 0.077 n:2 FTAcr (V)

PFTeDA <RL 0.077 8:2 FTAcr <RL 13.6
10:2 FTAcr <RL 13.1

PFSA (NV)

PFPrS <RL 0.031 n:2 FTMAC (V)

PFBS 98.9+6.0 0.035 6:2 FTMAC <RL 46.5

PFPeS <RL 0.035 8:2 FTMAC <RL 47.6

PFHxS <RL 0.033 10:2 FTMAC <RL 25.1

PFHpS <RL 0.036

PFOS <RL 0.185 n:2 FTOAc (V)

PFENS <RL 0.074 8:2 FTOAC <RL 27.0

PFDS <RL 0.036 10:2 FTOAcC <RL 27.8

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 37.4+2.0 0.077 4:2 FTOH <RL 70.6

MeFBSA (SV) 2.0+1.9 0.140 5:2 FTOH <RL 67.2

FHXSA (NV) <RL 0.038 6:2 FTOH <RL 67.7

FOSA (NV) <RL 0.101 7:2 FTOH <RL 66.9

MeFOSA (SV) <RL 0.068 8:2 FTOH <RL 66.2

EtFOSA (SV) <RL 0.218 10:2 FTOH <RL 67.3

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS No Value

MeFOSAA No Value 6:2 FTS No Value

EtFOSAA No Value 8:2 FTS <RL 0.033
10:2 FTS <RL 0.086

FASE (SV)

MeFOSE 2.34 £ 0.46 0.361

EtFOSE 4.80 £ 0.54 0.067
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Table 12. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for MB-C following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
0.01513 +
PFBA 9.93+0.35 0.514 PFEESA 0.00098 0.012
PFPeA No Value PF40PeA <RL 0.014
PFHXA <RL 0.245 PF50HXA No Value
PFHpA 0.24 +£0.15 0.111 3-6-OPFHpA <RL 0.014
PFOA <RL 0.161 HFPO-DA <RL 0.014
PENA <RL 0.054 ADONA <RL 0.014
PFDA <RL 0.029 9CI-PF30ONS <RL 0.014
PFUNDA <RL 0.076 11CI-PF30UdS <RL 0.015
PFDoDA <RL 0.022
PFTrDA <RL 0.025 n:2 FTAcr (V)
PFTeDA <RL 0.015 8:2 FTAcr <RL 19.9
10:2 FTAcr <RL 19.0
PFSA (NV)
PFPIS 8:8322 * 0.031 n:2 FTMAC (V)
PFBS 70.5+2.3 3.04 6:2 FTMAC <RL 66.4
PFPeS <RL 0.015 8:2 FTMAC <RL 65.3
PFHxS <RL 2.47 10:2 FTMAC <RL 35.8
PFHpS <RL 0.015
PFOS <RL 2.60 n:2 FTOAc (V)
PENS <RL 0.03 8:2 FTOAc <RL 19.3
PFDS <RL 0.016 10:2 FTOAc <RL 19.8
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) No Value 4:2 FTOH <RL 92.5
MeFBSA (SV) <RL 0.488 5:2 FTOH <RL 88.0
FHXSA (NV) <RL 0.015 6:2 FTOH <RL 40.0
FOSA (NV) <RL 0.017 7:2 FTOH <RL 40.3
MeFOSA (SV) <RL 0.486 8:2 FTOH <RL 19.7
EtFOSA (SV) <RL 0.487 10:2 FTOH <RL 101
FASAA (NV) n:2 FTS (NV)
FOSAA No Value 4:2 FTS No Value
MeFOSAA <RL 0.015 6:2 FTS <RL 0.896
EtFOSAA <RL 0.015 8:2 FTS <RL 0.015
10:2FTS No Value
FASE (SV)
MeFOSE <RL 0.489
EtFOSE <RL 0.482
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Table 13. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-C.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 6.8+1.8 0.259 PFEESA <RL 0.022

PFPeA 1.0+1.1 0.048 PF40PeA <RL 0.022

PFHxA 0.29+0.16 0.129 PF50HXA <RL 0.022

PFHpA <RL 0.106 3-6-OPFHpA <RL 0.019

PFOA <RL 0.138 HFPO-DA <RL 0.030

PFNA <RL 0.072 ADONA <RL 0.021

PFDA <RL 0.135 9CI-PF30ONS <RL 0.022

PFUNDA <RL 0.075 11CI-PF30UdS <RL 0.023

PFDoDA <RL 0.051

PFTrDA <RL 0.116 n:2 FTAcr (V)

PFTeDA <RL 0.024 8:2 FTAcr <RL 11.9
10:2 FTAcr <RL 11.5

PFSA (NV)

PFPrS <RL 0.067 n:2 FTMAC (V)

PFBS 155+2.6 0.027 6:2 FTMAC <RL 51.1

PFPeS <RL 0.023 8:2 FTMAC <RL 52.3

PFHXS <RL 0.046 10:2 FTMAC <RL 27.6

PFHpS <RL 0.023

PFOS 1.085+0.025 0.183 n:2 FTOAc (V)

PFENS <RL 0.023 8:2 FTOAc <RL 11.7

PFDS <RL 0.031 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 14.94 + 0.94 0.024 4:2 FTOH <RL 58.6

MeFBSA (SV) <RL 0.764 5:2 FTOH <RL 114

FHXSA (NV) <RL 0.024 6:2 FTOH <RL 59.9

FOSA (NV) <RL 0.024 7:2 FTOH <RL 64.9

MeFOSA (SV) <RL 0.320 8:2 FTOH <RL 61.2

EtFOSA (SV) <RL 0.321 10:2 FTOH <RL 59.6

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.416 4:2 FTS <RL 0.120

MeFOSAA <RL 0.129 6:2 FTS <RL 0.247

EtFOSAA <RL 0.129 8:2 FTS <RL 0.249
10:2 FTS <RL 0.048

FASE (SV)

MeFOSE <RL 0.765

EtFOSE <RL 0.754

49



Table 14. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-D.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 0.489 + 0.046 0.133 PFEESA <RL 0.017
PFPeA 0.912 +£0.027 0.078 PF40PeA <RL 0.020
PFHXxA 3.24+0.41 0.205 PF50HXA <RL 0.019
PFHpA <RL 0.346 3-6-OPFHpA <RL 0.072
PFOA <RL 0.384 HFPO-DA <RL 0.424
PFENA <RL 0.064 ADONA <RL 0.019
PFDA <RL 0.424 9CI-PF30ONS <RL 0.031
PFUNDA <RL 0.057 11CI-PF30UdS <RL 0.032
PFDoDA <RL 0.205
PFTrDA <RL 0.079 n:2 FTAcr (V)
PFTeDA <RL 0.079 8:2 FTAcr <RL 14.3
10:2 FTAcr <RL 13.8
PFSA (NV)
PFPrS <RL 0.036 n:2 FTMAC (V)
0.1241 +
PFBS 0.0013 0019  02FTMAC 640 + 58 48.9
0.0429 +
PFPesS 0.0094 0023  S2FTMAC <RL 50.1
PFHxS <RL 0.041 10:2 FTMAC <RL 26.4
PFHpS <RL 0.037
PFOS <RL 0.190 n:2 FTOAc (V)
PENS <RL 0.076 8:2 FTOAc <RL 28.4
PFDS <RL 0.037 10:2 FTOAc <RL 29.3
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) 1.070 +0.099 0.079 4:2 FTOH <RL 74.3
MeFBSA (SV) <RL 0.147 5:2 FTOH <RL 70.7
FHXSA (NV) <RL 0.039 6:2 FTOH 670 + 270 71.3
FOSA (NV) <RL 0.104 7:2 FTOH <RL 70.4
MeFOSA (SV) <RL 0.071 8:2 FTOH <RL 69.7
EtFOSA (SV) <RL 0.229 10:2 FTOH <RL 70.7
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.205 4:2 FTS No Value
MeFOSAA <RL 0.205 6:2 FTS No Value
EtFOSAA <RL 0.097 8:2 FTS <RL 0.407
10:2 FTS <RL 0.081
FASE (SV)
MeFOSE 0.65 +0.24 0.379
EtFOSE <RL 0.070
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Table 15. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for MB-D following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 22+1.8 0.693 PFEESA <RL 0.017

PFPeA 0.543 £ 0.045 0.037 PF40PeA <RL 0.019

PFHXxA 1.93+0.29 0.331 PF50HXA <RL 0.019

PFHpA <RL 0.150 3-6-OPFHpA <RL 0.019

PFOA <RL 0.217 HFPO-DA <RL 0.019

PFENA <RL 0.072 ADONA <RL 0.019

PFDA <RL 0.039 9CI-PF30ONS <RL 0.019

PFUNDA <RL 0.102 11CI-PF30UdS <RL 0.020

PFDoDA <RL 0.030

PFTrDA <RL 0.033 n:2 FTAcr (V)

PFTeDA <RL 0.021 8:2 FTAcr <RL 15.9
10:2 FTAcr <RL 15.2

PFSA (NV)

PFPrS <RL 0.042 n:2 FTMAC (V)

PFBS <RL 2.11 6:2 FTMAC 182.7 £ 8.2 53.1

PFPeS <RL 0.020 8:2 FTMAC <RL 52.2

PFHxS <RL 3.34 10:2 FTMAC <RL 28.6

PFHpS <RL 0.020

PFOS <RL 3.51 n:2 FTOAc (V)

PFENS <RL 0.040 8:2 FTOAC <RL 15.4

PFDS <RL 0.021 10:2 FTOAcC <RL 15.8

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.021 4:2 FTOH <RL 74.0

MeFBSA (SV) <RL 0.393 5:2 FTOH <RL 70.4

FHXSA (NV) <RL 0.021 6:2 FTOH 146 + 13 32.0

FOSA (NV) <RL 0.024 7:2 FTOH <RL 32.2

MeFOSA (SV) <RL 0.391 8:2 FTOH <RL 15.8

EtFOSA (SV) <RL 0.392 10:2 FTOH <RL 80.9

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS No Value

MeFOSAA <RL 0.021 6:2 FTS No Value

EtFOSAA <RL 0.021 8:2 FTS <RL 0.020
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.394

EtFOSE <RL 0.388
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Table 16. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-D.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 0.274 £ 0.017 0.235 PFEESA <RL 0.019

PFPeA 0.198 £ 0.031 0.043 PF40PeA <RL 0.019

PFHxA 1.96 +0.11 0.117 PF50HXA <RL 0.019

PFHpA 0.164 + 0.013 0.096 3-6-OPFHpA <RL 0.017

PFOA <RL 0.125 HFPO-DA <RL 0.027

PFENA <RL 0.065 ADONA <RL 0.019

PFDA <RL 0.122 9CI-PF30ONS <RL 0.020

PFUNDA <RL 0.068 11CI-PF30UdS <RL 0.020

PFDoDA <RL 0.046

PFTrDA <RL 0.105 n:2 FTAcr (V)

PFTeDA <RL 0.022 8:2 FTAcr <RL 14.7
10:2 FTAcr <RL 14.1

PFSA (NV)

PFPrS <RL 0.080 n:2 FTMAC (V)

PFBS 0.398 + 0.051 0.025 6:2 FTMAC 376 £ 17 62.8

PFPeS <RL 0.020 8:2 FTMAC <RL 64.3

0.07D

PFHxS 0.0099 0.042 10:2 FTMAC <RL 33.9

PFHpS <RL 0.021

PFOS 1.504 £ 0.047 0.165 n:2 FTOAc (V)

PENS <RL 0.021 8:2 FTOAC <RL 14.4

PFDS <RL 0.028 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.213+£0.029 0.022 4:2 FTOH <RL 72.0

MeFBSA (SV) <RL 0.868 5:2 FTOH <RL 140

FHXxSA (NV) <RL 0.022 6:2 FTOH 136.1 £5.3 73.6

FOSA (NV) <RL 0.022 7:2 FTOH <RL 79.8

MeFOSA (SV) <RL 0.363 8:2 FTOH <RL 75.1

EtFOSA (SV) <RL 0.364 10:2 FTOH <RL 73.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.376 4:2 FTS <RL 0.109

MeFOSAA <RL 0.117 6:2 FTS <RL 0.223

EtFOSAA No Value 8:2 FTS <RL 0.225
10:2 FTS <RL 0.043

FASE (SV)

MeFOSE <RL 0.869

EtFOSE <RL 0.856
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Table 17. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-E.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 80+14 0.139 PFEESA <RL 0.018

PFPeA 0.46 +0.D 0.232 PF40PeA No Value

PFHXxA 2.06 £0.27 1.16 PF50HXA <RL 0.105

PFHpA <RL 0.380 3-6-OPFHpA <RL 0.105

PFOA <RL 0.163 HFPO-DA <RL 0.022

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.604 9CI-PF30ONS <RL 0.107

PFUNDA <RL 0.059 11CI-PF30UdS <RL 0.108

PFDoDA <RL 0.511

PFTrDA <RL 0.391 n:2 FTAcr (V)

PFTeDA <RL 0.765 8:2 FTAcr <RL 16.3
10:2 FTAcr <RL 15.7

PFSA (NV)

PFPrS <RL 0.040 n:2 FTMAC (V)

PFBS 84 + 15 0.020 6:2 FTMAC 752 £+ 25 55.8

PFPeS No Value 8:2 FTMAC <RL 57.1

PFHxS <RL 0.042 10:2 FTMAC <RL 30.1

PFHpS <RL 0.106

PFOS <RL 0.103 n:2 FTOAc (V)

PFENS <RL 0.107 8:2 FTOAC <RL 32.4

PFDS <RL 0.224 10:2 FTOAcC <RL 334

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 27.3+4.5 0.604 4:2 FTOH <RL 84.8

MeFBSA (SV) 8.7+10 0.167 5:2 FTOH <RL 80.6

FHXSA (NV) <RL 0.111 6:2 FTOH 285 + 47 81.3

FOSA (NV) <RL 0.232 7:2 FTOH <RL 80.3

MeFOSA (SV) <RL 0.08 8:2 FTOH <RL 79.5

EtFOSA (SV) <RL 0.280 10:2 FTOH <RL 80.7

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.022 4:2 FTS 0.828 £0.091 0.217

MeFOSAA <RL 0.118 6:2 FTS 579 + 48 1.15

EtFOSAA <RL 0.604 8:2 FTS <RL 0.043
10:2 FTS <RL 0.112

FASE (SV)

MeFOSE <RL 0.430

EtFOSE <RL 0.08
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Table 18. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for MB-E following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
0.0676 +
PFBA 49,0+ 3.0 0.825  TEESA 0.0069 0.021
PFPeA 0.603 +£0.091 0.045 PF40PeA <RL 0.023
PFHxA 0.979 +0.085 0.407 PF50HXA <RL 0.023
PFHpA 0.74 £ 0.27 0.185 3-6-OPFHpA <RL 0.023
PFOA <RL 0.267 HFPO-DA <RL 0.023
PFENA <RL 0.089 ADONA <RL 0.023
PFDA <RL 0.048 9CI-PF30ONS <RL 0.024
PFUNDA <RL 0.125 11CI-PF30UdS <RL 0.024
PFDoDA <RL 0.037
PFTrDA <RL 0.041 n:2 FTAcr (V)
PFTeDA <RL 0.026 8:2 FTAcr <RL 20.7
10:2 FTAcr <RL 19.8
PFSA (NV)
PFPrS <RL 0.042 n:2 FTMAC (V)
PFBS 452 + 73 2.11 6:2 FTMAC 159 + 13 69.1
PFPeS <RL 0.020 8:2 FTMAC <RL 70.7
PFHxS <RL 3.4 10:2 FTMAC <RL 37.3
PFHpS 0.077 £0.017 0.020
PFOS <RL 3.506 n:2 FTOAc (V)
PENS <RL 0.040 8:2 FTOAc <RL 20.1
PFDS <RL 0.021 10:2 FTOAc <RL 69.1
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) 6.0+1.3 0.633 4:2 FTOH <RL 96.3
MeFBSA (SV) <RL 0.515 5:2 FTOH <RL 91.6
FHXxSA (NV) <RL 0.026 6:2 FTOH 63.4+4.3 41.7
FOSA (NV) <RL 0.029 7:2 FTOH <RL 41.9
MeFOSA (SV) <RL 0.513 8:2 FTOH <RL 20.5
EtFOSA (SV) <RL 0.514 10:2 FTOH <RL 105
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.243 4:2 FTS 0.82+0.16 0.228
MeFOSAA <RL 0.026 6:2 FTS 503 £+ 57 1.21
EtFOSAA <RL 0.026 8:2 FTS <RL 0.025
10:2 FTS <RL 1.22
FASE (SV)
MeFOSE No Value
EtFOSE <RL 0.508
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Table 19. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-E.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 33.3+2.3 0.300 PFEESA <RL 0.025

PFPeA 0.134 +0.033  0.055 PF40PeA <RL 0.025

PFHxA 1.97 £ 0.52 0.149 PF50HXA <RL 0.025

PFHpA 0.36 £+ 0.19 0.123 3-6-OPFHpA <RL 0.022

PFOA <RL 0.159 HFPO-DA <RL 0.035

PENA <RL 0.083 ADONA <RL 0.025

PFDA <RL 0.156 9CI-PF30ONS <RL 0.026

PFUNDA <RL 0.087 11CI-PF30UdS <RL 0.026

PFDoDA <RL 0.058

PFTrDA <RL 0.134 n:2 FTAcr (V)

PFTeDA <RL 0.028 8:2 FTAcr <RL 14.2
10:2 FTAcr <RL 13.7

PFSA (NV)

PFPrS <RL 0.077 n:2 FTMAC (V)

PFBS 175+ 16 0.110 6:2 FTMAC 628 + 36 61.1

PFPeS <RL 0.026 8:2 FTMAC <RL 62.5

PFHXS <RL 0.053 10:2 FTMAC <RL 32.9

PFHpS <RL 0.026

PFOS 1.02+0.18 0.115 n:2 FTOAc (V)

PFENS <RL 0.027 8:2 FTOAc <RL 14.0

PFDS <RL 0.035 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 101 +11 0.671 4:2 FTOH <RL 70.0

MeFBSA (SV) No Value 5:2 FTOH <RL 136

FHXSA (NV) <RL 0.028 6:2 FTOH 170+ 14 71.6

FOSA (NV) <RL 0.028 7:2 FTOH <RL 77.5

MeFOSA (SV) <RL 0.291 8:2 FTOH <RL 73.0

EtFOSA (SV) <RL 0.291 10:2 FTOH <RL 71.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.258 4:2 FTS <RL 0.139

MeFOSAA <RL 0.149 6:2 FTS 36.2+2.1 0.285

EtFOSAA <RL 0.149 8:2 FTS <RL 0.288
10:2 FTS <RL 1.0

FASE (SV)

MeFOSE No Value

EtFOSE <RL 0.685
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Table 20. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded MB-F.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 1.85+0.14 0.137 PFEESA <RL 0.017

PFPeA 1.27+0.14 0.080 PF40PeA <RL 0.020

PFHXxA 2.964 £ 0.056 0.188 PF50HXA <RL 0.020

PFHpA <RL 0.354 3-6-OPFHpA <RL 0.020

PFOA <RL 0.401 HFPO-DA <RL 0.442

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.442 9CI-PF30ONS <RL 0.033

PFUNDA <RL 0.058 11CI-PF30UdS No Value

PFDoDA <RL 0.214

PFTrDA <RL 0.082 n:2 FTAcr (V)

PFTeDA <RL 0.082 8:2 FTAcr <RL 8.91
10:2 FTAcr <RL 8.60

PFSA (NV)

PFPrS <RL 0.037 n:2 FTMAC (V)

PFBS 1.309 £ 0.083 0.019 6:2 FTMAC 131.9+3.2 30.5

PFPeS No Value 8:2 FTMAC <RL 31.2

PFHxS <RL 0.075 10:2 FTMAC <RL 16.4

PFHpS <RL 0.038

PFOS <RL 0.198 n:2 FTOAc (V)

PENS <RL 0.079 8:2 FTOAC <RL 17.7

PFDS <RL 0.039 10:2 FTOAc <RL 18.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 46.3

MeFBSA (SV) <RL 0.138 5:2 FTOH <RL 441

FHXSA (NV) <RL 0.040 6:2 FTOH 169 + 15 44 4

FOSA (NV) <RL 0.108 7:2 FTOH <RL 43.9

MeFOSA (SV) <RL 0.066 8:2 FTOH <RL 43.4

EtFOSA (SV) <RL 0.214 10:2 FTOH <RL 441

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.021 4:2 FTS No Value

MeFOSAA <RL 0.116 6:2 FTS No Value

EtFOSAA <RL 0.100 8:2 FTS <RL 0.042
10:2 FTS <RL 0.085

FASE (SV)

MeFOSE <RL 0.355

EtFOSE <RL 0.066
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Table 21. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for MB-F following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.681 PFEESA <RL 0.016

PFPeA 0.193 +£0.064 0.036 PF40PeA <RL 0.018

PFHXxA 3.81+0.44 0.248 PF50HXA <RL 0.018

PFHpA <RL 1.32 3-6-OPFHpA <RL 0.018

PFOA <RL 0.466 HFPO-DA <RL 0.018

PFENA <RL 0.071 ADONA <RL 0.038

PFDA <RL 0.038 9CI-PF30ONS <RL 0.019

PFUNDA <RL 0.100 11CI-PF30UdS <RL 0.019

PFDoDA <RL 0.030

PFTrDA <RL 0.033 n:2 FTAcr (V)

PFTeDA <RL 0.021 8:2 FTAcr <RL 20.4
10:2 FTAcr <RL 19.6

PFSA (NV)

PFPrS <RL 0.041 n:2 FTMAC (V)

PFBS 2.05+0.39 0.043 6:2 FTMAC <RL 68.3

PFPeS <RL 0.019 8:2 FTMAC <RL 67.2

PFHxS <RL 0.087 10:2 FTMAC <RL 35.4

PFHpS <RL 0.020

PFOS <RL 0.230 n:2 FTOAc (V)

PENS <RL 0.0 8:2 FTOAC <RL 19.8

PFDS <RL 0.021 10:2 FTOAcC <RL 20.4

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.021 4:2 FTOH <RL 103

MeFBSA (SV) <RL 0.506 5:2 FTOH <RL 209

FHXSA (NV) <RL 0.021 6:2 FTOH 68.6 +7.9 41.2

FOSA (NV) <RL 0.023 7:2 FTOH <RL 41.5

MeFOSA (SV) <RL 0.504 8:2 FTOH <RL 20.3

EtFOSA (SV) <RL 0.505 10:2 FTOH <RL 104

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.248 4:2 FTS No Value

MeFOSAA <RL 0.248 6:2 FTS No Value

EtFOSAA <RL 0.248 8:2 FTS <RL 0.493
10:2 FTS <RL 0.098

FASE (SV)

MeFOSE <RL 0.507

EtFOSE No Value

57



Table 22. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered MB-F.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA <RL 0.255 PFEESA <RL 0.021
0.0752 +

PFPeA 0.0051 0.047  "H40OPeA <RL 0.021

PFHxA 1.99+0.31 0.127 PF50HXA <RL 0.021

PFHpA <RL 0.105 3-6-OPFHpA <RL 0.019

PFOA <RL 0.136 HFPO-DA <RL 0.030

PENA <RL 0.071 ADONA <RL 0.021

PFDA <RL 0.133 9CI-PF30ONS <RL 0.022

PFUNDA <RL 0.074 11CI-PF30UdS <RL 0.022

PFDoDA <RL 0.050

PFTrDA <RL 0.115 n:2 FTAcr (V)

PFTeDA <RL 0.024 8:2 FTAcr <RL 17.5
10:2 FTAcr <RL 16.8

PFSA (NV)

PFPrS <RL 0.066 n:2 FTMAC (V)

PFBS 0.51 +£0.22 0.027 6:2 FTMAC 1120+ 9.6 75.1

PFPeS <RL 0.022 8:2 FTMAC <RL 76.8

PFHxS <RL 0.046 10:2 FTMAC <RL 40.5

PFHpS <RL 0.022

PFOS 0.495 +£ 0.098 0.180 n:2 FTOAc (V)

PENS <RL 0.023 8:2 FTOAc <RL 17.2

PFDS <RL 0.030 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.499 £ 0.039 0.024 4:2 FTOH <RL 86.0

MeFBSA (SV) <RL 0.954 5:2 FTOH <RL 168

FHXxSA (NV) <RL 0.024 6:2 FTOH 94 +45 88.0

FOSA (NV) <RL 0.024 7:2 FTOH <RL 95.3

MeFOSA (SV) <RL 0.400 8:2 FTOH <RL 89.8

EtFOSA (SV) <RL 0.400 10:2 FTOH <RL 87.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.410 4:2 FTS <RL 0.119

MeFOSAA <RL 0.127 6:2 FTS <RL 0.243

EtFOSAA No Value 8:2 FTS <RL 0.245
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.955

EtFOSE <RL 0.941
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Table 23. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-A.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (hg/kg)

PFCA (NV) PPEA (NV)

PFBA 18+ 11 0.582 PFEESA <RL 0.022

PFPeA 19+12 0.185 PF40PeA <RL 0.023

PFHXxA 10.6 +4.4 0.319 PF50HXA <RL 0.021

PFHpA 1.64 £ 0.58 0.3 3-6-OPFHpA <RL 0.022

PFOA <RL 0.180 HFPO-DA <RL 0.219

PFENA <RL 0.023 ADONA <RL 0.021

PFDA <RL 0.1%0 9CI-PF30ONS <RL 0.041

PFUNDA <RL 0.054 11CI-PF30UdS <RL 0.019

PFDoDA <RL 0.079

PFTrDA <RL 0.109 n:2 FTAcr (V)

PFTeDA <RL 0.154 8:2 FTAcr <RL 92.4
10:2 FTAcr <RL 35.0

PFSA (NV)

PFPrS <RL 0.032 n:2 FTMAC (V)

PFBS 0.247 +0.085 0.068 6:2 FTMAC 3000 £ 110 301

PFPeS <RL 0.022 8:2 FTMAC <RL 63.3

PFHxS <RL 0.021 10:2 FTMAC <RL 33.3

PFHpS <RL 0.022

PFOS <RL 0.0 n:2 FTOAc (V)

PENS <RL 0.044 8:2 FTOAc <RL 34.2

PFDS 0.112 +0.015 0.045 10:2 FTOAc <RL 36.4

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) gzgggé * 0.023 4:2 FTOH <RL 89.6

MeFBSA (SV) <RL 0.473 5:2 FTOH <RL 85.3

FHXxSA (NV) <RL 0.023 6:2 FTOH 774 £ 75 90.2

FOSA (NV) 0.068 + 0.0058 0.023 7:2FTOH <RL 89.1

MeFOSA (SV) <RL 0.47 8:2 FTOH <RL 88.2

EtFOSA (SV) <RL 0.472 10:2 FTOH <RL 182

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.023 4:2 FTS <RL 3.89

MeFOSAA <RL 0.103 6:2 FTS No Value

EtFOSAA <RL 0.046 8:2 FTS <RL 0.099
10:2 FTS <RL 0.022

FASE (SV)

MeFOSE <RL 0.473

EtFOSE <RL 0.466
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Table 24. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-A following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 2.28+0.21 0.117 PFEESA <RL 0.018

PFPeA 2.547 £0.084 0.043 PF40PeA <RL 0.020

PFHxA 7.65 + 0.47 0.584 PF50HXA <RL 0.020

PFHpA <RL 2.46 3-6-OPFHpA <RL 0.020

PFOA <RL 0.096 HFPO-DA <RL 0.090

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.103 9CI-PF30ONS <RL 0.021

PFUNDA <RL 0.022 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.022

PFTrDA <RL 0.066 n:2 FTAcr (V)

PFTeDA <RL 0.053 8:2 FTAcr <RL 20.7
10:2 FTAcr <RL 20.0

PFSA (NV)

PFPrS 88(2333 * 0.020 n:2 FTMAC (V)

0.0386 +

PFBS 0.0043 0.020 6:2 FTMAC 4410 + 270 70.9

PFPeS <RL 0.021 8:2 FTMAC <RL 72.5

PFHxS <RL 0.021 10:2 FTMAC <RL 38.2

PFHpS <RL 0.021

PFOS <RL 0.058 n:2 FTOAc (V)

PFENS <RL 0.022 8:2 FTOAC <RL 20.2

PFDS <RL 0.022 10:2 FTOAcC <RL 20.8

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.022 4:2 FTOH <RL 42.3

MeFBSA (SV) <RL 1.08 5:2 FTOH <RL 103

FHXSA (NV) <RL 0.022 6:2 FTOH 1402 £+ 12 103

FOSA (NV) <RL 0.026 7:2 FTOH <RL 102

MeFOSA (SV) <RL 0.517 8:2 FTOH <RL 101

EtFOSA (SV) <RL 0.215 10:2 FTOH <RL 208

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.115 4:2 FTS <RL 0.508

MeFOSAA <RL 0.117 6:2 FTS No Value

EtFOSAA <RL 0.140 8:2 FTS <RL 0.112
10:2 FTS <RL 0.024

FASE (SV)

MeFOSE <RL 0.216

EtFOSE <RL 0.511
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Table 25. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-A.

PFAS Concentration RL PFAS Concentration RL
(Ho/kg) (Ho/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 0.879 + 0.085 0.507 PFEESA <RL 0.263

PFPeA 1.06 £ 0.015 0.288 PF40PeA <RL 0.156

PFHxA 14.33 +0.49 0.844 PF50HXA <RL 0.113

PFHpA 0.518 +0.053 0.158 3-6-OPFHpA <RL 0.084

PFOA <RL 0.326 HFPO-DA <RL 0.163

PFENA <RL 0.151 ADONA <RL 0.116

PFDA <RL 0.144 9CI-PF30ONS <RL 0.087

PFUNDA <RL 0.126 11CI-PF30UdS <RL 0.023

PFDoDA <RL 0.048

PFTrDA 0.075+0.012 0.048 n:2 FTAcr (V)

PFTeDA <RL 0.037 8:2 FTAcr <RL 12.8
10:2 FTAcr <RL 12.3

PFSA (NV)

PFPrS <RL 0.150 n:2 FTMAC (V)

PFBS <RL 0.156 6:2 FTMAC 869 +17 55.0

PFPeS <RL 0.117 8:2 FTMAC <RL 56.3

PFHxS <RL 0.115 10:2 FTMAC <RL 29.7

PFHpS <RL 0.105

PEOS 8:8833 * 0.066  n:2 FTOAC (V)

PENS <RL 0.052 8:2 FTOAc <RL 12.6

PFDS <RL 0.047 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 63.0

MeFBSA (SV) <RL 0.457 5:2 FTOH <RL 24.4

FHXSA (NV) <RL 0.054 6:2 FTOH 181 + 14 64.5

FOSA (NV) <RL 0.079 7:2 FTOH <RL 25.0

MeFOSA (SV) <RL 0.184 8:2 FTOH <RL 94.0

EtFOSA (SV) <RL 0.456 10:2 FTOH <RL 64.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.048 4:2 FTS <RL 0.069

MeFOSAA <RL 0.126 6:2 FTS <RL 12.8

EtFOSAA <RL 0.126 8:2 FTS <RL 0.121
10:2 FTS <RL 0.243

FASE (SV)

MeFOSE <RL 0.185

EtFOSE <RL 0.182
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Table 26. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-A.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.813 PFEESA <RL 0.020

PFPeA 1.48 +0.47 0.026 PF40PeA <RL 0.023

PFHxA 12.7 + 3.7 0.1 PF50HXA <RL 0.023

PFHpA 10.0+£5.9 0.494 3-6-OPFHpA <RL 0.023

PFOA <RL 0.137 HFPO-DA <RL 0.041

PFNA <RL 0.026 ADONA <RL 0.023

PFDA <RL 0.077 9CI-PF30ONS <RL 0.024
0.0457 +

PFUNDA 0.0087 0.039 11CI-PF30UdS <RL 0.024

PFDoDA <RL 0.026

PFTrDA <RL 0.075 n:2 FTAcr (V)

PFTeDA <RL 0.047 8:2 FTAcr <RL 22.1

10:2 FTAcr <RL 42.6

PFSA (NV)

PFPrS <RL 0.026 n:2 FTMAC (V)

PFBS <RL 0.023 6:2 FTMAC 2550 + 120 94.9

PFPeS <RL 0.024 8:2 FTMAC <RL 97.1

PFHXS <RL 0.058 10:2 FTMAC <RL 51.2

PFHpS <RL 0.024

PFOS <RL 0.048 n:2 FTOAc (V)

PFNS 0.043 +£0.016 0.025 8:2 FTOAC <RL 21.8

PFDS <RL 1.27 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.026 4:2 FTOH <RL 109

MeFBSA (SV) <RL 1.06 5:2 FTOH <RL 108

FHXxSA (NV) <RL 0.052 6:2 FTOH 950 + 110 111
0.0661 +

FOSA (NV) 0.0092 0.052 7:2 FTOH <RL 428

MeFOSA (SV) <RL 0.193 8:2 FTOH <RL 107

EtFOSA (SV) <RL 0.203 10:2 FTOH <RL 111

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.051 4:2 FTS <RL 0.069

MeFOSAA <RL 0.026 6:2 FTS <RL 0.696

EtFOSAA <RL 0.052 8:2 FTS <RL 0.117

10:2 FTS <RL 0.116

FASE (SV)

MeFOSE <RL 0.094

EtFOSE <RL 0.201
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Table 27. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-ASC following abrasion.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.465 PFEESA <RL 0.017

PFPeA 0.417 £ 0.031 0.148 PF40PeA <RL 0.018

PFHXxA 0.59+0.12 0.255 PF50HXA <RL 0.017

PFHpA 1.29 +£0.15 0.263 3-6-OPFHpA <RL 0.017

PFOA 0.384 £ 0.043 0.127 HFPO-DA <RL 0.175

PFENA 0.048 £ 0.016 0.018 ADONA <RL 0.017

PFDA 0.192 +0.016 0.120 9CI-PF30ONS <RL 0.033

PFUNDA <RL 0.043 11CI-PF30UdS <RL 0.015

PFDoDA <RL 0.063

PFTrDA <RL 0.087 n:2 FTAcr (V)

PFTeDA <RL 0.123 8:2 FTAcr <RL 33.1
10:2 FTAcr <RL 15.6

PFSA (NV)

PFPrS <RL 0.026 n:2 FTMAC (V)

PFBS <RL 0.054 6:2 FTMAC <RL 55.3

PFPeS <RL 0.017 8:2 FTMAC <RL 56.6

0.0366 +

PFHXS 0.0042 0.017  10:2FTMAC <RL 29.8

PFHpS <RL 0.018

PFOS <RL 0.056 n:2 FTOAc (V)

PENS <RL 0.035 8:2 FTOAc <RL 32.3

PFDS <RL 0.036 10:2 FTOAc <RL 16.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.018 4:2 FTOH <RL 84.2

MeFBSA (SV) <RL 0.169 5:2 FTOH <RL 80.1

FHXxSA (NV) <RL 0.018 6:2 FTOH 34.8 7.9 31.0

FOSA (NV) <RL 0.018 7:2 FTOH <RL 79.7

MeFOSA (SV) <RL 0.422 8:2 FTOH <RL 148

EtFOSA (SV) <RL 0.423 10:2 FTOH <RL 80.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.018 4:2 FTS <RL 3.10

MeFOSAA <RL 0.082 6:2 FTS No Value

EtFOSAA <RL 0.036 8:2 FTS <RL 0.079
10:2 FTS <RL 0.017

FASE (SV)

MeFOSE <RL 0.425

EtFOSE <RL 0.878
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Table 28. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-ASC following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)
PFCA (NV) PPEA (NV)
PFBA <RL 0.136 PFEESA <RL 0.021
PFPeA 0.080+0.016 0.050 PF40PeA <RL 0.024
PFHXxA <RL 0.682 PF50HXA <RL 0.024
PFHpA <RL 2.87 3-6-OPFHpA <RL 0.024
PFOA 0.158 £ 0.028 0.113 HFPO-DA <RL 0.105
PFENA <RL 0.077 ADONA <RL 0.024
0.13155 +
PFDA 0.00094 0.120 9CI-PF3ONS <RL 0.024
PFUNDA 0.046 £ 0.011 0.026 11CI-PF30UdS <RL 0.025
PFDoDA 0.0349 % 0.026
0.0039
PFTrDA <RL 0.077 n:2 FTAcr (V)
PFTeDA <RL 0.062 8:2 FTAcr <RL 13.7
10:2 FTAcr <RL 13.3
PFSA (NV)
PFPrS <RL 0.024 n:2 FTMAC (V)
0.0353 +
PFBS 0.0084 0.023 6:2 FTMAC 196 + 67 47.0
PFPeS <RL 0.025 8:2 FTMAC <RL 48.1
PFHxS <RL 0.024 10:2 FTMAC <RL 25.4
PFHpS 0.063 +0.026 0.025
PFOS 0.170+0.079 0.068 n:2 FTOAc (V)
PENS <RL 0.025 8:2 FTOAc <RL 13.4
PFDS 0.0+ 0.017 0.025 10:2 FTOAc <RL 13.8
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) <RL 0.026 4:2 FTOH <RL 28.1
MeFBSA (SV) <RL 0.719 5:2 FTOH <RL 68.1
FHXSA (NV) <RL 0.026 6:2 FTOH 129 + 35 68.6
FOSA (NV) <RL 0.030 7:2 FTOH <RL 67.8
MeFOSA (SV) <RL 0.344 8:2 FTOH <RL 67.1
EtFOSA (SV) <RL 0.143 10:2 FTOH <RL 138
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.134 4:2 FTS 2.62+0.9 0.593
MeFOSAA <RL 0.136 6:2 FTS No Value
EtFOSAA <RL 0.164 8:2 FTS <RL 0.131
10:2 FTS <RL 0.029
FASE (SV)
MeFOSE <RL 0.144
EtFOSE <RL 0.340
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Table 29. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-ASC.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 1.05 PFEESA <RL 0.049

PFPeA <RL 0.255 PF40PeA <RL 0.232

PFHxA <RL 0.255 PF50HXA <RL 0.089

PFHpA <RL 1.35 3-6-OPFHpA <RL 0.039

PFOA <RL 0.479 HFPO-DA <RL 0.528

PFNA <RL 0.255 ADONA <RL 0.040

PFDA <RL 0.528 9CI-PF30ONS <RL 0.039

PFUNDA <RL 0.255 11CI-PF30UdS <RL 0.040

PFDoDA <RL 0.255

PFTrDA <RL 0.098 n:2 FTAcr (V)

PFTeDA <RL 0.098 8:2 FTAcr <RL 15.7
10:2 FTAcr <RL 15.1

PFSA (NV)

PFPrS <RL 0.044 n:2 FTMAC (V)

PFBS 0.23 +0.27 0.044 6:2 FTMAC 95.9+3.5 67.4

PFPeS <RL 0.045 8:2 FTMAC <RL 69.0

PFHXS <RL 0.090 10:2 FTMAC <RL 36.3

PFHpS <RL 0.046

PFOS <RL 0.237 n:2 FTOAc (V)

PFENS <RL 0.095 8:2 FTOAc <RL 15.5

PFDS <RL 0.046 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.145 +0.038 0.098 4:2 FTOH <RL 77.2

MeFBSA (SV) <RL 0.455 5:2 FTOH <RL 29.9

FHXSA (NV) <RL 0.048 6:2 FTOH <RL 79.0

FOSA (NV) <RL 0.129 7:2 FTOH <RL 30.6

MeFOSA (SV) <RL 0.183 8:2 FTOH <RL 115

EtFOSA (SV) <RL 0.454 10:2 FTOH <RL 78.5

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.255 4:2 FTS <RL 0.092

MeFOSAA <RL 0.255 6:2 FTS <RL 0.502

EtFOSAA <RL 0.255 8:2 FTS <RL 0.507
10:2 FTS <RL 0.101

FASE (SV)

MeFOSE <RL 0.184

EtFOSE <RL 0.182
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Table 30. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-ASC.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.847 PFEESA <RL 0.021

PFPeA <RL 0.027 PF40PeA <RL 0.024

PFHxA <RL 0.136 PF50HXA <RL 0.024

PFHpA <RL 0.515 3-6-OPFHpA <RL 0.024

PFOA <RL 0.143 HFPO-DA <RL 0.042

PFNA <RL 0.027 ADONA <RL 0.024

PFDA <RL 0.080 9CI-PF30ONS <RL 0.025

PFUNDA <RL 0.041 11CI-PF30UdS <RL 0.025

PFDoDA <RL 0.027

PFTrDA <RL 0.078 n:2 FTAcr (V)

PFTeDA <RL 0.049 8:2 FTAcr <RL 18.6
10:2 FTAcr <RL 35.8

PFSA (NV)

PFPrS <RL 0.027 n:2 FTMAC (V)

PFBS <RL 0.024 6:2 FTMAC 151 +18 79.9

PFPeS <RL 0.025 8:2 FTMAC <RL 81.7

PFHXS <RL 0.061 10:2 FTMAC <RL 43.1

PFHpS <RL 0.025

PFOS <RL 0.050 n:2 FTOAc (V)

PFENS <RL 0.026 8:2 FTOAc <RL 18.3

PFDS <RL 1.33 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.027 4:2 FTOH <RL 92.1

MeFBSA (SV) <RL 0.783 5:2 FTOH <RL 91.0

FHXSA (NV) <RL 0.054 6:2 FTOH <RL 93.7

FOSA (NV) <RL 0.054 7:2 FTOH <RL 36.1

MeFOSA (SV) <RL 0.142 8:2 FTOH <RL 90.3

EtFOSA (SV) <RL 0.150 10:2 FTOH <RL 93.6

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.053 4:2 FTS No Value

MeFOSAA <RL 0.027 6:2 FTS No Value

EtFOSAA <RL 0.054 8:2 FTS <RL 0.122
10:2 FTS <RL 0.121

FASE (SV)

MeFOSE <RL 0.069

EtFOSE <RL 0.148
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Table 31. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-B.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)
PFCA (NV) PPEA (NV)
PFBA 5.453+£0.081 0.382 PFEESA <RL 0.014
PFPeA 5.37+£0.21 0.122 PF40PeA <RL 0.015
PFHXxA 8.49+0.9 0.21 PF50HXA <RL 0.014
PFHpA 2.58 £ 0.22 0.217 3-6-OPFHpA <RL 0.014
PFOA <RL 0.105 HFPO-DA <RL 0.144
PFENA <RL 0.015 ADONA <RL 0.014
PFDA <RL 0.098 9CI-PF30ONS <RL 0.027
PFUNDA <RL 0.036 11CI-PF30UdS <RL 0.012
PFDoDA <RL 0.052
PFTrDA <RL 0.072 n:2 FTAcr (V)
PFTeDA <RL 0.101 8:2 FTAcr <RL 25.7
10:2 FTAcr <RL 12.1
PFSA (NV)
PFPrS <RL 0.021 n:2 FTMAC (V)
PFBS 0.211 +0.038 0.045 6:2 FTMAC 2210 + 370 42.9
PFPeS <RL 0.014 8:2 FTMAC <RL 43.9
PFHxS <RL 0.014 10:2 FTMAC <RL 23.1
PFHpS <RL 0.014
PFOS 8332‘; + 0.046 n:2 FTOAc (V)
PENS <RL 0.029 8:2 FTOAc <RL 25.0
PFDS 0.115+0.059 0.03 10:2 FTOAc <RL 12.6
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) 0.072 £ 0.015 0.015 4:2 FTOH <RL 65.3
MeFBSA (SV) <RL 0.131 5:2 FTOH <RL 62.1
FHXxSA (NV) <RL 0.015 6:2 FTOH 784 + 26 24.0
0.044 +
FOSA (NV) 0.0094 0015 7:2 FTOH <RL 61.9
MeFOSA (SV) <RL 0.327 8:2 FTOH <RL 115
EtFOSA (SV) <RL 0.328 10:2 FTOH <RL 62.2
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.015 4:2 FTS <RL 2.55
MeFOSAA <RL 0.068 6:2 FTS No Value
EtFOSAA <RL 0.0 8:2FTS No Value
10:2 FTS No Value
FASE (SV)
MeFOSE <RL 0.329
EtFOSE <RL 0.681
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Table 32. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-B following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 2.37£0.12 0.116 PFEESA <RL 0.018

PFPeA 2.632 +0.00 0.043 PF40PeA <RL 0.020

PFHXxA 5.789 + 0.00 0.582 PF50HXA <RL 0.020

PFHpA <RL 2.45 3-6-OPFHpA <RL 0.020

PFOA <RL 0.096 HFPO-DA <RL 0.090

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.103 9CI-PF30ONS <RL 0.021

PFUNDA <RL 0.022 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.022

PFTrDA <RL 0.066 n:2 FTAcr (V)

PFTeDA <RL 0.053 8:2 FTAcr <RL 19.4
10:2 FTAcr <RL 18.8

PFSA (NV)

PFPrS 88822 * 0.020 n:2 FTMAC (V)

PFBS <RL 0.020 6:2 FTMAC 3410 + 860 66.5

PFPeS <RL 0.021 8:2 FTMAC <RL 68.1

PFHxS <RL 0.020 10:2 FTMAC <RL 35.9

PFHpS <RL 0.021

PFOS <RL 0.058 n:2 FTOAc (V)

PENS <RL 0.022 8:2 FTOAc <RL 18.9

PFDS <RL 0.022 10:2FTOAcC <RL 19.5

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.022 4:2 FTOH <RL 39.7

MeFBSA (SV) <RL 1.01 5:2 FTOH <RL 96.2

FHXxSA (NV) <RL 0.022 6:2 FTOH 1000 + 160 97.0

FOSA (NV) <RL 0.026 7:2 FTOH <RL 95.8

MeFOSA (SV) <RL 0.482 8:2FTOH <RL 94.8

EtFOSA (SV) <RL 0.201 10:2 FTOH <RL 196

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.114 4:2 FTS <RL 0.507

MeFOSAA <RL 0.116 6:2 FTS No Value

EtFOSAA <RL 0.140 8:2 FTS <RL 0.112
10:2 FTS <RL 0.024

FASE (SV)

MeFOSE <RL 0.202

EtFOSE <RL 0.477
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Table 33. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-B.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 1.03+0.19 0.457 PFEESA <RL 0.237

PFPeA 1.25+0.28 0.26 PF40PeA <RL 0.141

PFHxA 81+1.6 0.761 PF50HXA <RL 0.102

PFHpA 0.69 +0.16 0.142 3-6-OPFHpA <RL 0.076

PFOA <RL 0.294 HFPO-DA <RL 0.147

PENA <RL 0.136 ADONA <RL 0.104

PFDA <RL 0.130 9CI-PF30ONS <RL 0.078

PFUNDA <RL 0.114 11CI-PF30UdS <RL 0.020

PFDoDA <RL 0.044

PFTrDA 0.077 £0.029 0.044 n:2 FTAcr (V)

PFTeDA <RL 0.033 8:2 FTAcr <RL 15.9
10:2 FTAcr <RL 15.3

PFSA (NV)

PFPrS <RL 0.135 n:2 FTMAC (V)

PFBS <RL 0.141 6:2 FTMAC 610 + 100 143

PFPeS <RL 0.105 8:2 FTMAC <RL 69.9

PFHxS <RL 0.104 10:2 FTMAC <RL 36.8

PFHpS <RL 0.095

PFOS <RL 0.060 n:2 FTOAc (V)

PFENS <RL 0.047 8:2 FTOAc <RL 15.7

PFDS <RL 0.042 10:2 FTOAc <RL 42.8

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 78.3

MeFBSA (SV) <RL 0.385 5:2 FTOH <RL 30.3

FHXSA (NV) <RL 0.049 6:2 FTOH 250 + 100 80.1

FOSA (NV) <RL 0.071 7:2 FTOH <RL 31.0

MeFOSA (SV) <RL 0.155 8:2 FTOH <RL 117

EtFOSA (SV) <RL 0.385 10:2 FTOH <RL 79.6

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.044 4:2 FTS <RL 0.062

MeFOSAA <RL 0.114 6:2 FTS No Value

EtFOSAA <RL 0.114 8:2 FTS <RL 0.109
10:2 FTS <RL 0.220

FASE (SV)

MeFOSE <RL 0.156

EtFOSE <RL 0.154
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Table 34. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-B.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.743 PFEESA <RL 0.019

PFPeA 1.80+0.72 0.023 PF40PeA <RL 0.021

PFHxA 15.6 £4.3 0.119 PF50HXA <RL 0.021

PFHpA 26.4+7.6 0.452 3-6-OPFHpA <RL 0.021

PFOA <RL 0.126 HFPO-DA <RL 0.037

PFNA 0.058) 0.024 ADONA <RL 0.021
0.0018

PFDA <RL 0.0 9CI-PF30ONS <RL 0.022
0.0462 +

PFUNDA 00017 0.036 11CI-PF30UdS <RL 0.022

PFDoDA <RL 0.023

PFTrDA <RL 0.068 n:2 FTAcr (V)

PFTeDA <RL 0.043 8:2 FTAcr <RL 15.6

10:2 FTAcr <RL 29.9

PFSA (NV)

PFPrS <RL 0.024 n:2 FTMAC (V)

PFBS 0.067 £ 0.031 0.021 6:2 FTMAC 3060 +340 66.7

PFPeS <RL 0.022 8:2 FTMAC <RL 68.2

PFHxS <RL 0.053 10:2 FTMAC <RL 35.9

PFHpS <RL 0.022

PFOS <RL 0.044 n:2 FTOAc (V)

PENS 8833? * 0.022 8:2 FTOAc <RL 15.3

PFDS <RL 1.16 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.023 4:2 FTOH <RL 76.8

MeFBSA (SV) <RL 1.08 5:2 FTOH <RL 75.9

FHXSA (NV) <RL 0.048 6:2 FTOH 1130 + 100 78.2

FOSA (NV) 0.064 + 0.015 0.048 7:2 FTOH <RL 30.1

MeFOSA (SV) <RL 0.196 8:2 FTOH <RL 75.3

EtFOSA (SV) <RL 0.207 10:2 FTOH <RL 78.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.047 4:2 FTS <RL 0.063

MeFOSAA <RL 0.023 6:2 FTS 1.26 £0.13 0.636

EtFOSAA <RL 0.048 8:2 FTS <RL 0.107

10:2 FTS <RL 0.106

FASE (SV)

MeFOSE <RL 0.095

EtFOSE <RL 0.204
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Table 35. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-C.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 16 +4.4 0.405 PFEESA <RL 0.015

PFPeA 16.3 +50 0.129 PF40PeA <RL 0.016

PFHxA 14.1+2.9 0.222 PF50HXA <RL 0.014

PFHpA 3.53+0.3 0.2 3-6-OPFHpA <RL 0.015

PFOA <RL 0.111 HFPO-DA <RL 0.152

PFNA <RL 0.016 ADONA <RL 0.014

PFDA <RL 0.104 9CI-PF30ONS <RL 0.029

PFUNDA <RL 0.038 11CI-PF30UdS <RL 0.013

PFDoDA <RL 0.055

PFTrDA <RL 0.076 n:2 FTAcr (V)

PFTeDA <RL 0.107 8:2 FTAcr <RL 26.5
10:2 FTAcr <RL 12.5

PFSA (NV)

PFPrS <RL 0.022 n:2 FTMAC (V)

PFBS 0.207 £ 0.077 0.047 6:2 FTMAC 3200 + 320 44.2

PFPeS <RL 0.015 8:2 FTMAC <RL 45.2

PFHxS <RL 0.015 10:2 FTMAC <RL 23.8

PFHpS <RL 0.015

PFOS 88(5)(153 + 0.049 n:2 FTOAc (V)

PFNS <RL 0.031 8:2 FTOAC <RL 25.8

PFDS <RL 0.031 10:2 FTOAC <RL 13.0

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.183 £ 0.00 0.016 4:2 FTOH <RL 67.2

MeFBSA (SV) <RL 0.134 5:2 FTOH <RL 63.9

FHxSA (NV) <RL 0.016 6:2 FTOH 1220 + 190 24.7

0.0591 +

FOSA (NV) 0.0022 0.016 7:2 FTOH <RL 63.7

MeFOSA (SV) <RL 0.336 8:2 FTOH <RL 118

EtFOSA (SV) <RL 0.337 10:2 FTOH <RL 64.0

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.016 4:2 FTS No Value

MeFOSAA <RL 0.072 6:2 FTS No Value

EtFOSAA <RL 0.032 8:2 FTS <RL 0.069
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.338

EtFOSE <RL 0.699
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Table 36. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-C following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 2.39+0.15 0.124 PFEESA <RL 0.019

PFPeA 3.33+0.10 0.045 PF40PeA <RL 0.021

PFHXxA 4,99 +0.42 0.619 PF50HXA <RL 0.021

PFHpA <RL 2.60 3-6-OPFHpA <RL 0.021

PFOA <RL 0.102 HFPO-DA <RL 0.096

PFENA <RL 0.070 ADONA <RL 0.021

PFDA <RL 0.109 9CI-PF30ONS <RL 0.022

PFUNDA <RL 0.024 11CI-PF30UdS <RL 0.022

PFDoDA <RL 0.024

PFTrDA <RL 0.070 n:2 FTAcr (V)

PFTeDA <RL 0.056 8:2 FTAcr <RL 16.5
10:2 FTAcr <RL 15.9

PFSA (NV)

PFPIS 8:8(2332 * 0.021 n:2 FTMAC (V)

PFBS 0.130 £+ 0.036 0.021 6:2 FTMAC 5570 + 330 56.5

PFPeS <RL 0.022 8:2 FTMAC <RL 57.8

PFHxS <RL 0.022 10:2 FTMAC <RL 30.4

PFHpS <RL 0.023

PFOS <RL 0.062 n:2 FTOAc (V)

PENS <RL 0.023 8:2 FTOAc <RL 16.1

PFDS <RL 0.023 10:2 FTOAc <RL 16.6

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.024 4:2 FTOH <RL 33.7

MeFBSA (SV) <RL 0.856 5:2 FTOH <RL 81.7

FHXxSA (NV) <RL 0.024 6:2 FTOH 1360 + 110 82.3

FOSA (NV) <RL 0.027 7:2 FTOH <RL 81.4

MeFOSA (SV) <RL 0.409 8:2 FTOH <RL 80.5

EtFOSA (SV) <RL 0.171 10:2 FTOH <RL 166

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.122 4:2 FTS <RL 0.539

MeFOSAA <RL 0.124 6:2 FTS No Value

EtFOSAA <RL 0.149 8:2 FTS <RL 0.119
10:2 FTS <RL 0.026

FASE (SV)

MeFOSE <RL 0.171

EtFOSE <RL 0.405
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Table 37. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-C.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 2.20+0.11 0.551 PFEESA <RL 0.286

PFPeA 2.53+0.23 0.313 PF40PeA <RL 0.169

PFHxA 13.04 + 0.59 0.918 PF50HXA <RL 0.123

PFHpA 1.81+0.17 0.172 3-6-OPFHpA <RL 0.092

PFOA <RL 0.354 HFPO-DA <RL 0.177

PENA <RL 0.164 ADONA <RL 0.126

PFDA <RL 0.156 9CI-PF30ONS <RL 0.094

PFUNDA <RL 0.137 11CI-PF30UdS <RL 0.024

PFDoDA <RL 0.053

PFTrDA 0.116 £ 0.031 0.053 n:2 FTAcr (V)

PFTeDA <RL 0.0 8:2 FTAcr <RL 12.7
10:2 FTAcr <RL 12.2

PFSA (NV)

PFPrS <RL 0.163 n:2 FTMAC (V)

PFBS <RL 0.170 6:2 FTMAC 1293 + 42 54.6

PFPeS <RL 0.127 8:2 FTMAC <RL 55.8

PFHXS <RL 0.125 10:2 FTMAC <RL 29.4

PFHpS <RL 0.114

PFOS <RL 0.072 n:2 FTOAc (V)

PFENS <RL 0.057 8:2 FTOAc <RL 12.5

PFDS <RL 0.051 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.077 4:2 FTOH <RL 62.5

MeFBSA (SV) <RL 0.411 5:2 FTOH <RL 24.2

FHXSA (NV) <RL 0.059 6:2 FTOH 223+ 25 64.0

FOSA (NV) <RL 0.085 7:2 FTOH <RL 24.8

MeFOSA (SV) <RL 0.165 8:2 FTOH <RL 93.2

EtFOSA (SV) <RL 0.410 10:2 FTOH <RL 63.5

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.053 4:2 FTS <RL 0.075

MeFOSAA <RL 0.137 6:2 FTS <RL 13.9

EtFOSAA <RL 0.137 8:2 FTS <RL 0.131
10:2 FTS <RL 0.265

FASE (SV)

MeFOSE <RL 0.166

EtFOSE <RL 0.164
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Table 38. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-C.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.774 PFEESA <RL 0.019

PFPeA 0.67 £ 0.15 0.024 PF40PeA <RL 0.022

PFHxA 5.80+0.83 0.124 PF50HXA <RL 0.022

PFHpA 45+15 0.470 3-6-OPFHpA <RL 0.022

PFOA <RL 0.131 HFPO-DA <RL 0.039

PENA <RL 0.025 ADONA <RL 0.022

PFDA <RL 0.073 9CI-PF30ONS <RL 0.023

PFUNDA <RL 0.037 11CI-PF30UdS <RL 0.023

PFDoDA <RL 0.024

PFTrDA <RL 0.071 n:2 FTAcr (V)

PFTeDA <RL 0.045 8:2 FTAcr <RL 18.7
10:2 FTAcr <RL 36.0

PFSA (NV)

PFPrS <RL 0.025 n:2 FTMAC (V)

PFBS <RL 0.022 6:2 FTMAC 4100 + 1100 80.2

PFPeS <RL 0.023 8:2 FTMAC <RL 820

PFHXS <RL 0.056 10:2 FTMAC <RL 43.2

PFHpS <RL 0.023

PFOS <RL 0.046 n:2 FTOAc (V)

PFENS <RL 0.023 8:2 FTOAc <RL 18.4

PFDS <RL 1.21 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 92.4

MeFBSA (SV) <RL 0.935 5:2 FTOH <RL 91.3

FHXSA (NV) <RL 0.090 6:2 FTOH 1250 + 350 94.0

FOSA (NV) <RL 0.0% 7:2 FTOH <RL 36.2

MeFOSA (SV) <RL 0.1 8:2 FTOH <RL 90.6

EtFOSA (SV) <RL 0.179 10:2 FTOH <RL 93.9

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.049 4:2 FTS <RL 0.066

MeFOSAA <RL 0.024 6:2 FTS 17 £ 20 0.663

EtFOSAA <RL 0.0% 8:2 FTS <RL 0.112
10:2 FTS <RL 0.110

FASE (SV)

MeFOSE <RL 0.083

EtFOSE <RL 0.177
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Table 39. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-D.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 1.99+0.22 0.400 PFEESA <RL 0.015
PFPeA 2.42 +0.18 0.127 PF40PeA <RL 0.016
PFHxA 4.099 +£0.088 0.219 PF50HxXA <RL 0.014
PFHpA <RL 0.227 3-6-OPFHpA <RL 0.015
PFOA <RL 0.110 HFPO-DA <RL 0.151
PENA <RL 0.016 ADONA <RL 0.014
PFDA <RL 0.103 9CI-PF30ONS <RL 0.028
PFUNDA <RL 0.037 11CI-PF30UdS <RL 0.013
PFDoDA <RL 0.054
PFTrDA <RL 0.075 n:2 FTAcr (V)
PFTeDA <RL 0.106 8:2 FTAcr <RL 27.9
10:2 FTAcr <RL 13.1
PFSA (NV)
PFPrS <RL 0.022 n:2 FTMAC (V)
PFBS <RL 0.047 6:2 FTMAC 5440 + 560 46.6
PFPeS <RL 0.015 8:2 FTMAC <RL 47.7
PFHxS <RL 0.015 10:2 FTMAC <RL 25.1
PFHpS <RL 0.015
PFOS <RL 0.048 n:2 FTOAc (V)
PENS <RL 0.0 8:2 FTOAc <RL 27.2
0.0958 +
PFDS 0.0025 0.031  10:2FTOAc <RL 13.7
FASA (NV, SV) n:2 FTOH (V)
0.0228 +
FBSA (NV) 0.0034 0016  +2FTOH <RL 70.9
MeFBSA (SV) <RL 0.141 5:2 FTOH <RL 67.5
FHXSA (NV) <RL 0.016 6:2 FTOH 1710 + 320 26.1
FOSA(NYV) oo 0.016  7:2 FTOH <RL 67.2
MeFOSA (SV) <RL 0.353 8:2 FTOH <RL 125
EtFOSA (SV) <RL 0.354 10:2 FTOH <RL 67.5
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.016 4:2 FTS <RL 2.67
MeFOSAA <RL 0.071 6:2 FTS No Value
EtFOSAA <RL 0.031 8:2 FTS No Value
10:2 FTS No Value
FASE (SV)
MeFOSE <RL 0.355
EtFOSE <RL 0.734
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Table 40. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-D following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 2.77+£0.77 0.116 PFEESA <RL 0.018

PFPeA 1.888 £+ 0.097 0.043 PF40PeA <RL 0.020

PFHXxA 5.79£0.20 0.582 PF50HXA <RL 0.020

PFHpA <RL 2.45 3-6-OPFHpA <RL 0.020

PFOA <RL 0.096 HFPO-DA <RL 0.090

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.103 9CI-PF30ONS <RL 0.021

PFUNDA <RL 0.022 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.022

PFTrDA <RL 0.066 n:2 FTAcr (V)

PFTeDA <RL 0.053 8:2 FTAcr <RL 15.3
10:2 FTAcr <RL 14.7

PFSA (NV)

PFPrS 8%3;;5 * 0.020 n:2 FTMAC (V)

PFBS <RL 0.020 6:2 FTMAC 2670 + 250 52.3

PFPeS <RL 0.021 8:2 FTMAC <RL 53.5

PFHxS <RL 0.020 10:2 FTMAC <RL 28.2

PFHpS <RL 0.021

PFOS <RL 0.058 n:2 FTOAc (V)

PENS <RL 0.022 8:2 FTOAc <RL 14.9

PFDS <RL 0.022 10:2FTOAcC <RL 15.3

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 31.2

MeFBSA (SV) <RL 0.797 5:2 FTOH <RL 75.6

FHXxSA (NV) No Value 6:2 FTOH 881 + 18 76.2

FOSA (NV) <RL 0.026 7:2 FTOH <RL 75.3

MeFOSA (SV) <RL 0.381 8:2FTOH <RL 74.5

EtFOSA (SV) <RL 0.159 10:2 FTOH <RL 154

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.114 4:2 FTS <RL 0.507

MeFOSAA <RL 0.116 6:2 FTS No Value

EtFOSAA <RL 0.140 8:2 FTS <RL 0.112
10:2 FTS <RL 0.024

FASE (SV)

MeFOSE <RL 0.160

EtFOSE <RL 0.377
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Table 41. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-D.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 1.02 +£0.33 0.482 PFEESA <RL 0.250

PFPeA 1.16 £ 0.10 0.274 PF40PeA <RL 0.148

PFHxA 11.08 + 0.50 0.803 PF50HXA <RL 0.108

PFHpA 0.729+0.017 0.150 3-6-OPFHpA <RL 0.080

PFOA <RL 0.310 HFPO-DA <RL 0.155

PFNA <RL 0.143 ADONA <RL 0.110

PFDA <RL 0.137 9CI-PF30ONS <RL 0.082

PFUNDA <RL 0.120 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.046

PFTrDA <RL 0.046 n:2 FTAcr (V)

PFTeDA <RL 0.035 8:2 FTAcr <RL 12.3
10:2 FTAcr <RL 11.8

PFSA (NV)

PFPrS <RL 0.142 n:2 FTMAC (V)

PFBS <RL 0.148 6:2 FTMAC 833.9+9.9 115

PFPeS <RL 0.111 8:2 FTMAC <RL 54.0

PFHXS <RL 0.109 10:2 FTMAC <RL 28.5

PFHpS <RL 0.100

PFOS 0.090+0.012 0.063 n:2 FTOAc (V)

PFENS <RL 0.049 8:2 FTOAc <RL 12.1

PFDS <RL 0.044 10:2 FTOAc <RL 34.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 60.5

MeFBSA (SV) <RL 0.366 5:2 FTOH <RL 23.4

FHXSA (NV) No Value 6:2 FTOH 215+ 42 61.9

FOSA (NV) <RL 0.075 7:2 FTOH <RL 24.0

MeFOSA (SV) <RL 0.147 8:2 FTOH <RL 90.2

EtFOSA (SV) <RL 0.365 10:2 FTOH <RL 61.5

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.046 4:2 FTS <RL 0.066

MeFOSAA <RL 0.120 6:2 FTS <RL 12.2

EtFOSAA <RL 0.120 8:2 FTS <RL 0.115
10:2 FTS <RL 0.232

FASE (SV)

MeFOSE <RL 0.148

EtFOSE <RL 0.146
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Table 42. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-D.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.772 PFEESA <RL 0.019

PFPeA 0.622 + 0.067 0.024 PF40PeA <RL 0.022

PFHxA No Value PF50HXA <RL 0.022

PFHpA 3.6+1.3 0.469 3-6-OPFHpA <RL 0.022

PFOA <RL 0.1 HFPO-DA <RL 0.038

PFENA <RL 0.025 ADONA <RL 0.022

PFDA <RL 0.073 9CI-PF30ONS <RL 0.023

PFUNDA <RL 0.037 11CI-PF30UdS <RL 0.023

PFDoDA <RL 0.024

PFTrDA <RL 0.071 n:2 FTAcr (V)

PFTeDA <RL 0.045 8:2 FTAcr <RL 14.6
10:2 FTAcr <RL 28.1

PFSA (NV)

PFPrS <RL 0.025 n:2 FTMAC (V)

PFBS <RL 0.022 6:2 FTMAC 2040 £ 120 170

PFPeS <RL 0.023 8:2 FTMAC <RL 64.1

PFHxS <RL 0.055 10:2 FTMAC <RL 33.8

PFHpS <RL 0.023

PFOS <RL 0.046 n:2 FTOAc (V)

0.0252 +

PFNS 0.0012 0.023  82FTOAc <RL 14.4

PFDS <RL 1.21 10:2 FTOAc <RL 50.8

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 72.3

MeFBSA (SV) <RL 1.24 5:2 FTOH <RL 71.4

FHXxSA (NV) No Value 6:2 FTOH 1160 + 400 73.5

FOSA (NV) <RL 0.0% 7:2 FTOH <RL 28.3

MeFOSA (SV) <RL 0.227 8:2 FTOH <RL 70.8

EtFOSA (SV) <RL 0.249 10:2 FTOH <RL 73.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.049 4:2 FTS <RL 0.066

MeFOSAA <RL 0.024 6:2 FTS No Value

EtFOSAA <RL 0.0%0 8:2 FTS <RL 0.112
10:2 FTS <RL 0.110

FASE (SV)

MeFOSE <RL 0.111

EtFOSE <RL 0.237

78



Table 43. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-E.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 33.0+4.4 0.411 PFEESA <RL 0.015

PFPeA 35.1+5.2 0.131 PF40PeA <RL 0.016

PFHXxA 46.3 £ 3.7 0.226 PF50HXA <RL 0.015

PFHpA 6.3+0.6 0.233 3-6-OPFHpA <RL 0.015

PFOA 0.539 £ 0.064 0.113 HFPO-DA <RL 0.155

PFNA 0.226 £ 0.033 0.016 ADONA <RL 0.015

PFDA 0.441 £ 0.075 0.106 9CI-PF30ONS <RL 0.029

PFUNDA 0.080+0.026 0.038 11CI-PF30UdS <RL 0.013

PFDoDA 0.081 +0.021 0.056

PFTrDA <RL 0.077 n:2 FTAcr (V)

PFTeDA <RL 0.109 8:2 FTAcr <RL 29.1
10:2 FTAcr <RL 13.7

PFSA (NV)

PFPrS <RL 0.023 n:2 FTMAC (V)

PFBS 0.100+ 0.014 0.048 6:2 FTMAC 1850 + 150 48.6

PFPeS <RL 0.015 8:2 FTMAC <RL 49.7

PFHxS <RL 0.015 10:2 FTMAC <RL 26.2

PFHpS <RL 0.016

PFOS <RL 0.05 n:2 FTOAc (V)

PENS <RL 0.031 8:2 FTOAC <RL 28.3

PFDS <RL 0.032 10:2 FTOAcC <RL 14.3

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 73.9

MeFBSA (SV) <RL 0.148 5:2 FTOH <RL 70.3

FHXSA (NV) No Value 6:2 FTOH 1016 + 97 195

FOSA (NV) 0.034 £ 0.013 0.016 7:2 FTOH <RL 70.1

MeFOSA (SV) <RL 0.3 8:2 FTOH <RL 130

EtFOSA (SV) <RL 0.371 10:2 FTOH <RL 70.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.016 4:2 FTS No Value

MeFOSAA <RL 0.073 6:2 FTS No Value

EtFOSAA <RL 0.032 8:2 FTS 0.626 £ 0.072 0.07
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.372

EtFOSE <RL 0.769
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Table 44. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-E following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)
PFCA (NV) PPEA (NV)
PFBA 2.387 £0.072 0.131 PFEESA <RL 0.020
PFPeA 3.278 £ 0.047 0.048 PF40PeA <RL 0.023
PFHXxA 6.94 +£0.19 0.656 PF50HXA <RL 0.023
PFHpA <RL 2.76 3-6-OPFHpA <RL 0.023
PFOA <RL 0.108 HFPO-DA <RL 0.101
PFENA <RL 0.074 ADONA <RL 0.023
PFDA <RL 0.116 9CI-PF30ONS <RL 0.024
PFUNDA <RL 0.025 11CI-PF30UdS <RL 0.024
PFDoDA <RL 0.025
PFTrDA <RL 0.074 n:2 FTAcr (V)
PFTeDA <RL 0.059 8:2 FTAcr <RL 14.4
10:2 FTAcr <RL 13.9
PFSA (NV)
PFPrS 883?2 * 0.023 n:2 FTMAC (V)
PFBS 0.060 + 0.013 0.022 6:2 FTMAC 2289 + 98 49.1
PFPeS <RL 0.024 8:2 FTMAC <RL 50.3
PFHxS <RL 0.023 10:2 FTMAC <RL 26.5
PFHpS <RL 0.024
PFOS <RL 0.065 n:2 FTOAc (V)
PENS <RL 0.024 8:2 FTOAc <RL 14.0
PFDS <RL 0.024 10:2 FTOAc <RL 14.4
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) <RL 0.025 4:2 FTOH <RL 29.3
MeFBSA (SV) <RL 0.749 5:2 FTOH <RL 71.1
FHXxSA (NV) <RL 0.025 6:2 FTOH 1050 £ 19 71.6
FOSA (NV) <RL 0.029 7:2 FTOH <RL 70.8
MeFOSA (SV) <RL 0.358 8:2 FTOH <RL 70.0
EtFOSA (SV) <RL 0.149 10:2 FTOH <RL 144
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.129 4:2 FTS <RL 0.571
MeFOSAA <RL 0.131 6:2 FTS No Value
EtFOSAA <RL 0.157 8:2 FTS <RL 0.126
0.0577 +
10:2FTS 0.0076 0.027
FASE (SV)
MeFOSE <RL 0.150
EtFOSE <RL 0.354
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Table 45. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-E.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 3.43+0.30 0.328 PFEESA <RL 0.17

PFPeA 4,61 +0.21 0.186 PF40PeA <RL 0.101

PFHxA 50.25 + 0.46 0.546 PF50HXA <RL 0.073

PFHpA 451+0.21 0.102 3-6-OPFHpA <RL 0.054

PFOA 0.377 +£0.053 0.211 HFPO-DA <RL 0.106

PENA <RL 0.098 ADONA <RL 0.075

PFDA 0.246 £ 0.031 0.093 9CI-PF30ONS <RL 0.056

PFUNDA <RL 0.081 11CI-PF30UdS <RL 0.015

PFDoDA 0.118 £+ 0.012 0.031

PFTrDA No Value n:2 FTAcr (V)

PFTeDA 0.049 +0.022 0.024 8:2 FTAcr <RL 11.2
10:2 FTAcr <RL 10.8

PFSA (NV)

PFPrS <RL 0.097 n:2 FTMAC (V)

PFBS <RL 0.101 6:2 FTMAC 587 + 45 48.2

PFPeS <RL 0.076 8:2 FTMAC <RL 49.3

PFHXS <RL 0.074 10:2 FTMAC <RL 26.0

PFHpS <RL 0.068

PFOS 0.149 +0.017 0.043 n:2 FTOAc (V)

PFENS No Value 8:2 FTOAC <RL 11.1

PFDS <RL 0.030 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.046 4:2 FTOH <RL 55.2

MeFBSA (SV) <RL 0.364 5:2 FTOH <RL 21.4

FHXSA (NV) <RL 0.035 6:2 FTOH 192.1+4.4 56.5

FOSA (NV) <RL 0.051 7:2 FTOH <RL 21.9

MeFOSA (SV) <RL 0.146 8:2 FTOH <RL 82.3

EtFOSA (SV) <RL 0.363 10:2 FTOH <RL 56.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.031 4:2 FTS <RL 0.045

MeFOSAA <RL 0.081 6:2 FTS <RL 8.27

EtFOSAA <RL 0.081 8:2 FTS 0.344 £ 0.069 0.078
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.147

EtFOSE <RL 0.145
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Table 46. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-E.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 1.06 £ 0.17 0.754 PFEESA <RL 0.019
PFPeA 1.43+0.D 0.024 PF40PeA <RL 0.021
PFHxA 7.49 +0.23 0.121 PF50HXA <RL 0.021
PFHpA 2.57 +£0.49 0.458 3-6-OPFHpA <RL 0.021
PFOA <RL 0.127 HFPO-DA <RL 0.038
PFENA 0.067 + 0.023 0.024 ADONA <RL 0.021
PFDA <RL 0.071 9CI-PF30ONS <RL 0.022
PFUNDA 0.0484 % 0036  11CHPF30UdS <RL
0.0069 0.022
0.0445 +
PFDoDA 0.0075 0.024
PFTIDA 8:88? * 0.069  n:2 FTAcr (V)
PFTeDA 0.083 +0.018 0.044 8:2 FTAcr <RL 23.1
10:2 FTAcr <RL 44 .4
PFSA (NV)
PFPrS <RL 0.024 n:2 FTMAC (V)
PFBS 0.108 +0.016 0.021 6:2 FTMAC 3500 + 2700 98.9
PFPeS <RL 0.022 8:2 FTMAC <RL 101
PFHxS <RL 0.054 10:2 FTMAC <RL 53.3
PFHpS <RL 0.023
PFOS <RL 0.045 n:2 FTOAc (V)
PENS <RL 0.023 8:2 FTOAc <RL 22.7
PFDS <RL 1.18 10:2 FTOAC No Value
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) <RL 0.024 4:2 FTOH <RL 114
MeFBSA (SV) <RL 0.934 5:2 FTOH <RL 113
FHxSA (NV) <RL 0.048 6:2 FTOH 1050 + 120 116
FOSA (NV) <RL 0.048 7:2 FTOH <RL 447
MeFOSA (SV) <RL 0.17 8:2 FTOH <RL 112
EtFOSA (SV) <RL 0.179 10:2 FTOH <RL 116
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.047 4:2 FTS 0.77 + 0.68 0.064
MeFOSAA <RL 0.024 6:2 FTS No Value
EtFOSAA <RL 0.048 8:2 FTS 2.76 +0.24 0.109
10:2 FTS No Value
FASE (SV)
MeFOSE <RL 0.083
EtFOSE <RL 0.177
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Table 47. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-F.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 17.9+1.9 0.384 PFEESA <RL 0.014

PFPeA 19.3+24 0.122 PF40PeA <RL 0.015

PFHXxA 403+14 0.211 PF50HXA <RL 0.014

PFHpA 6.03+£0.21 0.218 3-6-OPFHpA <RL 0.014

PFOA 0.423 +£0.033 0.105 HFPO-DA <RL 0.145

PFENA 0.202 £ 0.015 0.015 ADONA <RL 0.014

PFDA 0.381 £0.0071 0.099 9CI-PF30ONS <RL 0.027

PFUNDA 0.0766 + 0.004 0.036 11CI-PF30UdS <RL 0.012

PFDoDA 0.081 £0.021 0.052

PFTrDA <RL 0.072 n:2 FTAcr (V)

PFTeDA <RL 0.101 8:2 FTAcr <RL 29.3
10:2 FTAcr <RL 13.8

PFSA (NV)

PFPrS <RL 0.021 n:2 FTMAC (V)

PFBS 1.61 £0.15 0.045 6:2 FTMAC 2140 + 750 48.9

PFPeS <RL 0.014 8:2 FTMAC <RL 50

PFHxS 0.09 +£0.11 0.014 10:2 FTMAC <RL 26.4

PFHpS <RL 0.015

PFOS 0.182 +0.066 0.046 n:2 FTOAc (V)

PENS <RL 0.029 8:2 FTOAC <RL 28.5

PFDS <RL 0.0 10:2 FTOAcC <RL 14.4

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.226 £ 0.022 0.015 4:2 FTOH <RL 74.4

MeFBSA (SV) <RL 0.149 5:2 FTOH <RL 70.8

FHXSA (NV) <RL 0.015 6:2 FTOH 1270 + 560 27.4

0.0297 +

FOSA (NV) 0.0032 0.015 7:2 FTOH <RL 70.5

MeFOSA (SV) <RL 0.372 8:2 FTOH <RL 131

EtFOSA (SV) <RL 0.373 10:2 FTOH <RL 70.8

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.015 4:2 FTS No Value

MeFOSAA <RL 0.068 6:2 FTS No Value

EtFOSAA <RL 0.0 8:2 FTS 0.327 +0.075 0.065
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.374

EtFOSE <RL 0.774
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Table 48 Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-F following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 2.64 +£0.22 0.115 PFEESA <RL 0.018

PFPeA 3.36 £0.16 0.042 PF40PeA <RL 0.020

PFHXxA 7.87 £0.72 0.577 PF50HXA <RL 0.020

PFHpA <RL 2.42 3-6-OPFHpA <RL 0.020

PFOA <RL 0.095 HFPO-DA <RL 0.089

PFENA <RL 0.065 ADONA <RL 0.020

PFDA <RL 0.102 9CI-PF30ONS <RL 0.021

PFUNDA <RL 0.022 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.022

PFTrDA <RL 0.065 n:2 FTAcr (V)

PFTeDA <RL 0.052 8:2 FTAcr <RL 15.2
10:2 FTAcr <RL 14.7

PFSA (NV)

PFPrS <RL 0.020 n:2 FTMAC (V)

PFBS 0.99 +0.11 0.020 6:2 FTMAC 5250 + 110 52.2

PFPeS <RL 0.021 8:2 FTMAC <RL 53.4

PFHxS <RL 0.020 10:2 FTMAC <RL 28.1

PFHpS <RL 0.021

PFOS <RL 0.057 n:2 FTOAc (V)

PFENS <RL 0.021 8:2 FTOAC <RL 14.9

PFDS <RL 0.021 10:2 FTOAcC <RL 15.3

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.022 4:2 FTOH <RL 31.1

MeFBSA (SV) <RL 0.795 5:2 FTOH <RL 75.5

FHXSA (NV) <RL 0.022 6:2 FTOH 2026 + 58 76.1

FOSA (NV) <RL 0.025 7:2 FTOH <RL 75.2

MeFOSA (SV) <RL 0.380 8:2 FTOH <RL 74.4

EtFOSA (SV) <RL 0.159 10:2FTOH <RL 153

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.113 4:2 FTS No Value

MeFOSAA <RL 0.115 6:2 FTS No Value

EtFOSAA <RL 0.138 8:2 FTS <RL 0.111
10:2 FTS <RL 0.024

FASE (SV)

MeFOSE <RL 0.159

EtFOSE <RL 0.376
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Table 49. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-F.

PFAS Concentration RL PFAS Concentration RL
(hg/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.487 PFEESA <RL 0.253
0.4569 +

PFPeA 0.0052 0277  H40PeA <RL 0.150

PFHxA 4.69 +0.30 0.811 PF50HXA <RL 0.109
0.2312 +

PFHpA 0.0099 0152  S6-OPFHPA <RL 0.081

PFOA <RL 0.313 HFPO-DA <RL 0.157

PFENA <RL 0.145 ADONA <RL 0.111

PFDA <RL 0.138 9CI-PF3ONS <RL 0.083

PFUNDA <RL 0.121 11CI-PF30UdS <RL 0.022

PFDoDA <RL 0.046

PFTrDA <RL 0.046 n:2 FTAcr (V)

PFTeDA <RL 0.035 8:2 FTAcr <RL 14.5

10:2 FTAcr <RL 13.9

PFSA (NV)

PFPrS <RL 0.144 n:2 FTMAC (V)

PFBS <RL 0.150 6:2 FTMAC 1007 + 48 62.1

PFPeS <RL 0.112 8:2 FTMAC <RL 63.6

PFHxS <RL 0.111 10:2 FTMAC <RL 33.5

PFHpS <RL 0.101

PFOS 8:3332 * 0.064 n:2 FTOAc (V)

PENS <RL 0.050 8:2 FTOAc <RL 14.3

PFDS 0.065 +0.019 0.045 10:2 FTOAc No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 71.2

MeFBSA (SV) <RL 0.467 5:2 FTOH <RL 27.6

FHXSA (NV) No Value 6:2 FTOH 1379+ 7.4 72.8

FOSA (NV) <RL 0.076 7:2 FTOH <RL 28.2

MeFOSA (SV) <RL 0.188 8:2 FTOH <RL 106

EtFOSA (SV) <RL 0.465 10:2 FTOH <RL 72.3

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.046 4:2 FTS <RL 0.066

MeFOSAA <RL 0.121 6:2 FTS No Value

EtFOSAA <RL 0.121 8:2 FTS <RL 0.116

10:2 FTS <RL 0.234

FASE (SV)

MeFOSE <RL 0.189

EtFOSE <RL 0.186
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Table 50. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-F.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 3.75+0.47 0.793 PFEESA <RL 0.020

PFPeA 7.11 +£0.88 0.025 PF40PeA <RL 0.022

PFHXxA 26.7 + 2.7 0.127 PF50HXA <RL 0.022

PFHpA 18.3+2.1 0.482 3-6-OPFHpA <RL 0.022

PFOA <RL 0.134 HFPO-DA <RL 0.040

PFNA 0.158 £ 0.028 0.025 ADONA <RL 0.022

PFDA <RL 0.075 9CI-PF30ONS <RL 0.023

PFUNDA 0.00+0.016 0.038 11CI-PF30UdS <RL 0.024

PFDoDA 0.064 £ 0.021 0.025

PFTrDA <RL 0.073 n:2 FTAcr (V)

PFTeDA <RL 0.046 8:2 FTAcr <RL 14.8
10:2 FTAcr <RL 28.5

PFSA (NV)

PFPrS <RL 0.025 n:2 FTMAC (V)

PFBS 0.058 +0.028 0.022 6:2 FTMAC 2440 + 290 63.6

PFPeS <RL 0.023 8:2 FTMAC <RL 65.1

PFHxS <RL 0.057 10:2 FTMAC <RL 34.3

PFHpS <RL 0.024

PFOS <RL 0.047 n:2 FTOAc (V)

PFENS <RL 0.024 8:2 FTOAC <RL 14.6

PFDS <RL 1.24 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 73.3

MeFBSA (SV) <RL 1.24 5:2 FTOH <RL 72.5

FHXSA (NV) <RL 0.051 6:2 FTOH 1042 + 76 74.6

0.05524 +

FOSA (NV) 0.00095 0.051 7:2 FTOH <RL 8.7

MeFOSA (SV) <RL 0.225 8:2 FTOH <RL 71.9

EtFOSA (SV) <RL 0.237 10:2 FTOH <RL 74.5

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.0%0 4:2 FTS <RL 0.068

MeFOSAA <RL 0.025 6:2 FTS 9.8+2.6 0.679

EtFOSAA <RL 0.051 8:2 FTS 1.06 £+ 0.34 0.115
10:2 FTS 0.69 +0.17 0.113

FASE (SV)

MeFOSE <RL 0.109

EtFOSE <RL 0.235
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Table 51. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-FSC.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.534 PFEESA <RL 0.020

PFPeA <RL 0.1 PF40PeA <RL 0.021

PFHXxA <RL 0.293 PF50HXA <RL 0.019

PFHpA <RL 0.302 3-6-OPFHpA <RL 0.020

PFOA <RL 0.146 HFPO-DA <RL 0.201

PFENA <RL 0.021 ADONA <RL 0.019

PFDA <RL 0.137 9CI-PF30ONS <RL 0.038

PFUNDA <RL 0.0%0 11CI-PF30UdS <RL 0.017

PFDoDA <RL 0.072

PFTrDA <RL 0.100 n:2 FTAcr (V)

PFTeDA <RL 0.141 8:2 FTAcr <RL 27.6
10:2 FTAcr <RL 13.0

PFSA (NV)

PFPrS <RL 0.0 n:2 FTMAC (V)

PFBS <RL 0.063 6:2 FTMAC <RL 46.1

PFPeS <RL 0.0 8:2 FTMAC <RL 47.2

0.0295 +

PFHXS 0.0022 0.019  102FTMAC <RL 24.9

PFHpS <RL 0.020

PFOS <RL 0.064 n:2 FTOAc (V)

PENS <RL 0.0 8:2 FTOAc <RL 26.9

PFDS <RL 0.041 10:2 FTOAc <RL 13.5

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.021 4:2 FTOH <RL 70.2

MeFBSA (SV) <RL 0.190 5:2 FTOH <RL 66.7

FHXxSA (NV) <RL 0.021 6:2 FTOH <RL 25.8

FOSA (NV) 0.035+0.011 0.021 7:2 FTOH <RL 66.5

MeFOSA (SV) <RL 0.3%0 8:2 FTOH <RL 123

EtFOSA (SV) <RL 0.351 10:2 FTOH <RL 66.8

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.021 4:2 FTS <RL 3.57

MeFOSAA <RL 0.095 6:2 FTS No Value

EtFOSAA <RL 0.042 8:2 FTS <RL 0.091
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.352

EtFOSE <RL 0.728
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Table 52. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-FSC following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.985 PFEESA <RL 0.021

PFPeA <RL 0.241 PF40PeA <RL 0.046

PFHXxA <RL 0.241 PF50HXA <RL 0.219

PFHpA <RL 1.28 3-6-OPFHpA <RL 0.084

PFOA <RL 0.112 HFPO-DA <RL 0.497

PFENA <RL 0.077 ADONA <RL 0.023

PFDA <RL 0.120 9CI-PF30ONS <RL 0.024

PFUNDA <RL 0.026 11CI-PF30UdS <RL 0.025

PFDoDA <RL 0.026

PFTrDA <RL 0.077 n:2 FTAcr (V)

PFTeDA <RL 0.061 8:2 FTAcr <RL 12.1
10:2 FTAcr <RL 11.7

PFSA (NV)

PFPrS <RL 0.023 n:2 FTMAC (V)

PFBS <RL 0.023 6:2 FTMAC 80+ 13 41.5

PFPeS <RL 0.025 8:2 FTMAC <RL 425

PFHxS <RL 0.024 10:2 FTMAC <RL 22.4

PFHpS <RL 0.025

PFOS <RL 0.068 n:2 FTOAc (V)

PFENS <RL 0.025 8:2 FTOAC <RL 11.8

PFDS <RL 0.025 10:2 FTOAcC <RL 12.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.093 4:2 FTOH <RL 24.8

MeFBSA (SV) <RL 0.635 5:2 FTOH <RL 60.1

FHXSA (NV) <RL 0.045 6:2 FTOH 87.5+8.3 60.5

FOSA (NV) <RL 0.122 7:2 FTOH <RL 59.8

MeFOSA (SV) <RL 0.304 8:2 FTOH <RL 59.2

EtFOSA (SV) <RL 0.127 10:2 FTOH <RL 122

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.134 4:2 FTS <RL 0.087

MeFOSAA <RL 0.136 6:2 FTS 0.519+0.049 0.473

EtFOSAA <RL 0.163 8:2 FTS <RL 0.131
10:2 FTS <RL 0.028

FASE (SV)

MeFOSE <RL 0.127

EtFOSE <RL 0.300
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Table 53. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-FSC.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.991 PFEESA <RL 0.047

PFPeA <RL 0.242 PF40PeA <RL 0.22

PFHxA <RL 0.242 PF50HXA <RL 0.085

PFHpA <RL 1.28 3-6-OPFHpA <RL 0.037

PFOA <RL 0.454 HFPO-DA <RL 0.50

PENA <RL 0.242 ADONA <RL 0.037

PFDA <RL 0.500 9CI-PF30ONS <RL 0.037

PFUNDA <RL 0.242 11CI-PF30UdS <RL 0.038

PFDoDA <RL 0.242

PFTrDA <RL 0.093 n:2 FTAcr (V)

PFTeDA <RL 0.093 8:2 FTAcr <RL 16.5
10:2 FTAcr <RL 15.8

PFSA (NV)

PFPrS <RL 0.042 n:2 FTMAC (V)

PFBS <RL 0.042 6:2 FTMAC 69 +12 70.6

PFPeS <RL 0.043 8:2 FTMAC <RL 72.2

PFHXS <RL 0.085 10:2 FTMAC <RL 38.0

PFHpS <RL 0.043

PFOS <RL 0.225 n:2 FTOAc (V)

PFENS <RL 0.09 8:2 FTOAc <RL 16.2

PFDS <RL 0.044 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.093 4:2 FTOH <RL 80.9

MeFBSA (SV) <RL 0.448 5:2 FTOH <RL 31.3

FHXSA (NV) <RL 0.046 6:2 FTOH <RL 82.7

FOSA (NV) <RL 0.122 7:2 FTOH <RL 32.1

MeFOSA (SV) <RL 0.18 8:2 FTOH <RL 121

EtFOSA (SV) <RL 0.447 10:2 FTOH <RL 82.2

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.242 4:2 FTS <RL 0.087

MeFOSAA <RL 0.242 6:2 FTS <RL 0.476

EtFOSAA <RL 0.242 8:2 FTS <RL 0.48
10:2 FTS <RL 0.096

FASE (SV)

MeFOSE <RL 0.181

EtFOSE <RL 0.179
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Table 54. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-FSC.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.901 PFEESA <RL 0.023

PFPeA <RL 0.028 PF40PeA <RL 0.025

PFHxA <RL 0.145 PF50HXA <RL 0.025

PFHpA <RL 0.547 3-6-OPFHpA <RL 0.025

PFOA <RL 0.152 HFPO-DA <RL 0.045

PENA <RL 0.029 ADONA <RL 0.025

PFDA <RL 0.085 9CI-PF30ONS <RL 0.026

PFUNDA <RL 0.043 11CI-PF30UdS <RL 0.027

PFDoDA <RL 0.028

PFTrDA <RL 0.083 n:2 FTAcr (V)

PFTeDA <RL 0.053 8:2 FTAcr <RL 13.2
10:2 FTAcr <RL 25.4

PFSA (NV)

PFPrS <RL 0.029 n:2 FTMAC (V)

PFBS <RL 0.025 6:2 FTMAC <RL 56.6

PFPeS <RL 0.027 8:2 FTMAC <RL 58.0

PFHXS <RL 0.065 10:2 FTMAC <RL 30.5

PFHpS <RL 0.027

PFOS <RL 0.054 n:2 FTOAc (V)

PFENS <RL 0.027 8:2 FTOAc <RL 13.0

PFDS <RL 1.41 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.028 4:2 FTOH <RL 65.3

MeFBSA (SV) <RL 0.474 5:2 FTOH <RL 64.5

FHXSA (NV) <RL 0.058 6:2 FTOH <RL 66.4

FOSA (NV) <RL 0.058 7:2 FTOH <RL 25.6

MeFOSA (SV) <RL 0.086 8:2 FTOH <RL 64.0

EtFOSA (SV) <RL 0.091 10:2 FTOH <RL 66.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.057 4:2 FTS 0.18+0.13 0.077

MeFOSAA <RL 0.028 6:2 FTS No Value

EtFOSAA <RL 0.058 8:2 FTS <RL 0.130
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.042

EtFOSE <RL 0.090
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Table 55. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded OS-G.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 5.88 + 0.26 0.388 PFEESA <RL 0.014
PFPeA 6.36 + 0.25 0.123 PF40PeA <RL 0.015
PFHXxA 129+1.2 0.212 PF50HXA <RL 0.014
PFHpA 40+0.3 0.220 3-6-OPFHpA <RL 0.015
PFOA <RL 0.106 HFPO-DA <RL 0.146
PFENA <RL 0.015 ADONA <RL 0.014
PFDA <RL 0.100 9CI-PF30ONS <RL 0.027
PFUNDA <RL 0.036 11CI-PF30UdS <RL 0.012
PFDoDA <RL 0.053
PFTrDA <RL 0.073 n:2 FTAcr (V)
PFTeDA <RL 0.102 8:2 FTAcr <RL 31.5
10:2FTAcr <RL 14.8
PFSA (NV)
PFPrS <RL 0.021 n:2 FTMAC (V)
PFBS <RL 0.045 6:2 FTMAC 1450 + 180 52.5
PFPeS <RL 0.015 8:2 FTMAC <RL 53.7
0.02682 +
PFHxS 0.00053 0.014 10:2 FTMAC <RL 28.3
PFHpS <RL 0.015
PFOS <RL 0.047 n:2 FTOAc (V)
PENS <RL 0.029 8:2 FTOAc <RL 30.6
PFDS <RL 0.030 10:2 FTOAc <RL 15.4
FASA (NV, SV) n:2 FTOH (V)
0.0283 +
FBSA (NV) 0.0043 0015 2 FTOH <RL 79.9
MeFBSA (SV) <RL 0.159 5:2 FTOH <RL 76.0
FHXSA (NV) <RL 0.015 6:2 FTOH 690 + 80 29.4
FOSA (NV) <RL 0.015 7:2 FTOH <RL 75.7
MeFOSA (SV) <RL 0.400 8:2 FTOH <RL 140
EtFOSA (SV) <RL 0.401 10:2 FTOH <RL 76.1
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.015 4:2 FTS <RL 2.59
MeFOSAA <RL 0.069 6:2 FTS No Value
EtFOSAA <RL 0.030 8:2 FTS <RL 0.066
10:2 FTS <RL 0.015
FASE (SV)
MeFOSE <RL 0.402
EtFOSE <RL 0.831
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Table 56. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for OS-G following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 3.88 + 0.59 0.079 PFEESA <RL 0.010

PFPeA 1.97 £+0.32 0.043 PF40PeA <RL 0.012

PFHXxA 11.15+0.82 0.108 PF50HXA 0.028 £ 0.014 0.011

PFHpA 0.94 £ 0.40 0.204 3-6-OPFHpA <RL 0.011

PFOA 0.51+0.31 0.092 HFPO-DA 0.80 + 0.64 0.013

PFNA 0.36 £0.28 0.038 ADONA <RL 0.011

PFDA 0.30+0.21 0.036 9CI-PF30ONS <RL 0.012

PFUNDA <RL 0.023 11CI-PF30UdS <RL 0.012

PFDoDA <RL 0.023

PFTrDA 0.104 £ 0.077 0.015 n:2 FTAcr (V)

PFTeDA 0.060 £ 0.041 0.030 8:2 FTAcr <RL 14.6
10:2 FTAcr <RL 14.1

PFSA (NV)

PFPrS <RL 0.020 n:2 FTMAC (V)

PFBS 0.092 +0.020 0.011 6:2 FTMAC 900 + 160 49.8

PFPeS <RL 0.014 8:2 FTMAC <RL 51.0

PFHxS <RL 0.021 10:2 FTMAC <RL 26.9

PFHpS <RL 0.012

PFOS <RL 0.046 n:2 FTOAc (V)

PFENS <RL 0.012 8:2 FTOAC <RL 14.2

PFDS <RL 0.012 10:2 FTOAcC <RL 14.6

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.013 4:2 FTOH <RL 29.7

MeFBSA (SV) <RL 0.772 5:2 FTOH <RL 72.1

FHXSA (NV) <RL 0.013 6:2 FTOH 541 + 96 72.7

FOSA (NV) <RL 0.016 7:2 FTOH <RL 71.8

MeFOSA (SV) <RL 0.369 8:2 FTOH <RL 71.1

EtFOSA (SV) <RL 0.154 10:2 FTOH <RL 147

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.012 4:2 FTS <RL 0.513

MeFOSAA <RL 0.067 6:2 FTS No Value

EtFOSAA <RL 0.057 8:2 FTS <RL 0.024
10:2 FTS <RL 0.025

FASE (SV)

MeFOSE <RL 0.155

EtFOSE <RL 0.365
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Table 57. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered OS-G.

PFAS Concentration RL PFAS Concentration RL
(Hg/kg) (Hg/kg) (narkg) (na/kg)

PFCA (NV) PPEA (NV)

PFBA 0.994 +0.018 0.930 PFEESA <RL 0.044

PFPeA 0.964 + 0.052 0.227 PF40PeA <RL 0.207

PFHxA 6.77 £ 0.40 0.227 PF50HXA <RL 0.079

PFHpA <RL 1.20 3-6-OPFHpA <RL 0.035

PFOA <RL 0.426 HFPO-DA <RL 0.470

PFNA <RL 0.227 ADONA <RL 0.035

PFDA <RL 0.470 9CI-PF30ONS <RL 0.035

PFUNDA <RL 0.227 11CI-PF30UdS <RL 0.036

PFDoDA <RL 0.227

PFTrDA <RL 0.087 n:2 FTAcr (V)

PFTeDA <RL 0.087 8:2 FTAcr <RL 15.2
10:2 FTAcr <RL 14.6

PFSA (NV)

PFPrS <RL 0.039 n:2 FTMAC (V)

PFBS <RL 0.039 6:2 FTMAC 329+ 10 64.9

PFPeS <RL 0.040 8:2 FTMAC <RL 66.4

PFHXS <RL 0.080 10:2 FTMAC <RL 35.0

PFHpS <RL 0.041

PFOS <RL 0.211 n:2 FTOAc (V)

PFENS <RL 0.084 8:2 FTOAc <RL 14.9

PFDS <RL 0.041 10:2 FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.087 4:2 FTOH <RL 74.4

MeFBSA (SV) <RL 0.468 5:2 FTOH <RL 28.8

FHXSA (NV) <RL 0.043 6:2 FTOH 136.4 + 8.7 76.1

FOSA (NV) <RL 0.115 7:2 FTOH <RL 29.5

MeFOSA (SV) <RL 0.188 8:2 FTOH <RL 111

EtFOSA (SV) <RL 0.467 10:2 FTOH <RL 75.6

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS <RL 0.082

MeFOSAA <RL 0.227 6:2 FTS 1.33+0.47 0.447

EtFOSAA <RL 0.227 8:2 FTS <RL 0.451
10:2 FTS <RL 0.090

FASE (SV)

MeFOSE <RL 0.189

EtFOSE <RL 0.187
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Table 58. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for weathered OS-G.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)
PFCA (NV) PPEA (NV)
PFBA 6.09 + 0.89 0.787 PFEESA <RL 0.02
PFPeA 18.2+1.4 0.025 PF40PeA <RL 0.022
PFHXxA 76.8 + 3.7 0.126 PF50HXA <RL 0.022
PFHpA 93.82+ 0.9 0.478 3-6-OPFHpA <RL 0.022
PFOA <RL 0.133 HFPO-DA <RL 0.039
PFNA 0.071 £0.026 0.025 ADONA <RL 0.022
PFDA 0.084 £0.021 0.074 9CI-PF30ONS <RL 0.023
0.0574 +
PFUNDA 0.0083 0.038 11CHPF30UdS <RL 0.023
PFDoDA 0.053 +£0.012 0.025
PFTrDA <RL 0.072 n:2 FTAcr (V)
PFTeDA <RL 0.046 8:2 FTAcr <RL 15.3
10:2 FTAcr <RL 29.5
PFSA (NV)
PFPrS <RL 0.025 n:2 FTMAC (V)
PFBS 0.118 £ 0.045 0.022 6:2 FTMAC 951 + 81 65.7
PFPeS <RL 0.023 8:2 FTMAC <RL 67.3
PFHxS <RL 0.056 10:2 FTMAC <RL 35.5
PFHpS <RL 0.024
PFOS <RL 0.047 n:2 FTOAc (V)
0.0445 +
PFNS 0.0049 0.024  S2FTOAc <RL 15.1
PFDS <RL 1.23 10:2 FTOAcC No Value
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) No Value 4:2 FTOH <RL 75.8
MeFBSA (SV) <RL 1.01 5:2 FTOH <RL 74.9
FHXSA (NV) <RL 0.050 6:2 FTOH 590 + 56 77.1
FOSA (NV) 0.061 £ 0.01 0.050 7:2 FTOH <RL 29.7
MeFOSA (SV) <RL 0.184 8:2 FTOH <RL 74.3
EtFOSA (SV) <RL 0.194 10:2 FTOH <RL 77.0
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.049 4:2 FTS <RL 0.067
MeFOSAA <RL 0.025 6:2 FTS 9.42 +£0.35 0.673
EtFOSAA <RL 0.050 8:2 FTS <RL 0.114
10:2 FTS <RL 0.112
FASE (SV)
MeFOSE <RL 0.090
EtFOSE <RL 0.192
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Table 59. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded TL-A.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 3.57 £ 0.95 0.091 PFEESA <RL 0.012

PFPeA 0.739 +0.086  0.053 PF40PeA <RL 0.013

PFHxA 0.689 +0.075 0.125 PF50HXA <RL 0.013

PFHpA <RL 0.236 3-6-OPFHpA <RL 0.013

PFOA 0.737 £0.089 0.107 HFPO-DA <RL 0.015

PFENA 0.0639 + 0.009 0.044 ADONA <RL 0.013

PFDA 0.087 £ 0.021 0.042 9CI-PF30ONS <RL 0.014

PFUNDA <RL 0.039 11CI-PF30UdS <RL 0.014

PFDoDA <RL 0.037

PFTrDA 0.041 +£0.017 0.017 n:2 FTAcr (V)

PFTeDA <RL 0.035 8:2 FTAcr <RL 11.8
10:2 FTAcr <RL 11.4

PFSA (NV)

PFPrS <RL 0.026 n:2 FTMAC (V)

PFBS 1.05+0.13 0.013 6:2 FTMAC <RL 40.5

PFPeS <RL 0.016 8:2 FTMAC <RL 41.5

PFHxS <RL 0.028 10:2 FTMAC <RL 21.9

PFHpS <RL 0.014

PFOS No Value n:2 FTOAc (V)

PENS <RL 0.014 8:2 FTOAc <RL 23.5

PFDS <RL 0.014 10:2 FTOAc <RL 24.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.8 +0.13 0.015 4:2 FTOH <RL 61.6

MeFBSA (SV)  No Value 5:2 FTOH <RL 58.6

FHxSA (NV) <RL 0.015 6:2 FTOH <RL 59.0

0.0243 +

FOSAMNV) 50045 0019  /2FTOH <RL 58.3

MeFOSA (SV) No Value 8:2 FTOH <RL 57.7

EtFOSA (SV) No Value 10:2 FTOH <RL 58.6

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.014 4:2 FTS <RL 0.281

MeFOSAA <RL 0.077 6:2 FTS No Value

EtFOSAA <RL 0.066 8:2 FTS <RL 0.028
10:2 FTS <RL 0.073

FASE (SV)

MeFOSE No Value

EtFOSE No Value
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Table 60. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for TL-A following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.553 PFEESA <RL 0.013

PFPeA <RL 0.029 PF40PeA <RL 0.015

PFHXxA <RL 0.264 PF50HXA <RL 0.015

PFHpA <RL 0.120 3-6-OPFHpA <RL 0.015

PFOA <RL 0.173 HFPO-DA <RL 0.015

PFENA <RL 0.058 ADONA <RL 0.015

PFDA <RL 0.031 9CI-PF30ONS <RL 0.016

PFUNDA <RL 0.081 11CI-PF30UdS <RL 0.016

PFDoDA <RL 0.024

PFTrDA <RL 0.026 n:2 FTAcr (V)

PFTeDA <RL 0.017 8:2 FTAcr <RL 94.2
10:2 FTAcr <RL 35.7

PFSA (NV)

PFPrS <RL 0.034 n:2 FTMAC (V)

PFBS 2.88+0.14 1.68 6:2 FTMAC <RL 307

PFPeS <RL 0.016 8:2 FTMAC <RL 64.5

PFHxS <RL 2.66 10:2 FTMAC <RL 34.0

PFHpS <RL 0.016

PFOS <RL 2.80 n:2 FTOAc (V)

PFENS <RL 0.032 8:2 FTOAC <RL 34.9

PFDS <RL 0.017 10:2 FTOAcC <RL 37.1

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.017 4:2 FTOH <RL 91.4

MeFBSA (SV) <RL 0.481 5:2 FTOH <RL 87.0

FHXSA (NV) <RL 0.017 6:2 FTOH <RL 92.0

FOSA (NV) <RL 0.019 7:2 FTOH <RL 90.9

MeFOSA (SV) <RL 0.479 8:2 FTOH <RL 89.9

EtFOSA (SV) <RL 0.480 10:2 FTOH <RL 185

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS <RL 0.028

MeFOSAA <RL 0.017 6:2 FTS <RL 0.964

EtFOSAA <RL 0.017 8:2 FTS <RL 0.016
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.482

EtFOSE <RL 0.475
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Table 61. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered TL-A.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 2326 0.199 PFEESA <RL 0.017

PFPeA 0.21 £0.21 0.037 PF40PeA <RL 0.017

PFHxA <RL 0.099 PF50HXA <RL 0.017

PFHpA <RL 0.082 3-6-OPFHpA <RL 0.015

PFOA <RL 0.106 HFPO-DA <RL 0.023

PFNA <RL 0.055 ADONA <RL 0.016

PFDA <RL 0.103 9CI-PF30ONS <RL 0.017

PFUNDA <RL 0.058 11CI-PF30UdS <RL 0.017

PFDoDA <RL 0.039

PFTrDA <RL 0.089 n:2 FTAcr (V)

PFTeDA <RL 0.018 8:2 FTAcr <RL 14.9
10:2 FTAcr <RL 14.3

PFSA (NV)

PFPrS <RL 0.051 n:2 FTMAC (V)

PFBS 0.331+£0.073 0.021 6:2 FTMAC <RL 63.8

PFPeS <RL 0.017 8:2 FTMAC <RL 65.3

PFHxS <RL 0.035 10:2 FTMAC <RL 34.4

PFHpS <RL 0.017

PFOS 0.142 £ 0.011 0.140 n:2 FTOAc (V)

PFENS <RL 0.018 8:2 FTOAC <RL 14.6

PFDS <RL 0.024 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.131+£0.026 0.018 4:2 FTOH <RL 73.1

MeFBSA (SV) <RL 0.851 5:2 FTOH <RL 142

FHXSA (NV) <RL 0.018 6:2 FTOH <RL 74.8

FOSA (NV) <RL 0.018 7:2 FTOH <RL 81

MeFOSA (SV) <RL 0.356 8:2 FTOH <RL 76.3

EtFOSA (SV) <RL 0.357 10:2 FTOH <RL 74.3

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.319 4:2 FTS <RL 0.092

MeFOSAA <RL 0.099 6:2 FTS <RL 0.189

EtFOSAA <RL 0.099 8:2 FTS <RL 0.191
10:2 FTS <RL 0.037

FASE (SV)

MeFOSE <RL 0.852

EtFOSE <RL 0.839
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Table 62. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded TL-B.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA 0.54 +0.28 0.088 PFEESA <RL 0.011

PFPeA 0.22 +0.18 0.052 PF40PeA <RL 0.013

PFHxA 0.45 +0.25 0.121 PF50HXA <RL 0.013

PFHpA <RL 0.229 3-6-OPFHpA <RL 0.013

PFOA 0.49+0.2 0.103 HFPO-DA <RL 0.014

PFENA 0.21 +0.15 0.042 ADONA <RL 0.013

PFDA 0.28+0.D 0.041 9CI-PF30ONS <RL 0.013

PFUNDA 0.079 £ 0.046 0.038 11CI-PF30UdS <RL 0.013

PFDoDA 0.123 +0.017 0.036

PFTrDA 0.063 +£0.022 0.017 n:2 FTAcr (V)

PFTeDA 0.085 + 0.0043 0.034 8:2 FTAcr <RL 13.8
10:2 FTAcr <RL 13.3

PFSA (NV)

PFPrS 0.0343 + 0.005 0.026 n:2 FTMAC (V)

PFBS 0.69 +0.23 0.012 6:2 FTMAC <RL 47.2

PFPeS <RL 0.015 8:2 FTMAC <RL 48.3

PFHxS <RL 0.027 10:2 FTMAC <RL 25.5

PFHpS <RL 0.013

PFOS 0.096 +0.016  0.052 n:2 FTOAc (V)

PENS <RL 0.014 8:2 FTOAc <RL 27.4

PFDS <RL 0.014 10:2 FTOAc <RL 28.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.151 +£0.043 0.014 4:2 FTOH <RL 71.7

MeFBSA (SV) <RL 0.142 5:2 FTOH <RL 68.3

FHxSA (NV) <RL 0.014 6:2 FTOH <RL 68.8

0.02528 +

FOSAMNV) 500033 0018  /2FTOH <RL 68.0

MeFOSA (SV) <RL 0.068 8:2 FTOH <RL 67.3

EtFOSA (SV) <RL 0.221 10:2 FTOH <RL 68.3

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.014 4:2 FTS <RL 0.273

MeFOSAA <RL 0.075 6:2 FTS No Value

EtFOSAA <RL 0.064 8:2 FTS <RL 0.027
10:2 FTS <RL 0.071

FASE (SV)

MeFOSE <RL 0.367

EtFOSE <RL 0.068
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Table 63. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for TL-B following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.544 PFEESA <RL 0.013

PFPeA <RL 0.029 PF40PeA <RL 0.015

PFHXxA <RL 0.260 PF50HXA <RL 0.015

PFHpA <RL 0.118 3-6-OPFHpA <RL 0.015

PFOA <RL 0.171 HFPO-DA <RL 0.015

PFENA <RL 0.057 ADONA <RL 0.015

PFDA <RL 0.031 9CI-PF30ONS <RL 0.015

PFUNDA <RL 0.080 11CI-PF30UdS <RL 0.015

PFDoDA <RL 0.024

PFTrDA <RL 0.026 n:2 FTAcr (V)

PFTeDA <RL 0.016 8:2 FTAcr <RL 78.7
10:2 FTAcr <RL 29.8

PFSA (NV)

PFPrS <RL 0.033 n:2 FTMAC (V)

PFBS 2.77 £0.53 1.66 6:2 FTMAC <RL 257

PFPeS <RL 0.015 8:2 FTMAC <RL 53.9

PFHxS <RL 2.62 10:2 FTMAC <RL 28.4

PFHpS <RL 0.016

PFOS <RL 2.75 n:2 FTOAc (V)

PENS <RL 0.032 8:2 FTOAC <RL 29.2

PFDS <RL 0.017 10:2 FTOAcC <RL 31.0

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.016 4:2 FTOH <RL 76.4

MeFBSA (SV) <RL 0.403 5:2 FTOH <RL 72.7

FHXSA (NV) <RL 0.016 6:2 FTOH <RL 76.9

FOSA (NV) <RL 0.018 7:2 FTOH <RL 76.0

MeFOSA (SV) <RL 0.401 8:2 FTOH <RL 75.2

EtFOSA (SV) <RL 0.402 10:2 FTOH <RL 155

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS No Value

MeFOSAA <RL 0.016 6:2 FTS No Value

EtFOSAA <RL 0.016 8:2 FTS 0.038 +0.016 0.016
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.403

EtFOSE <RL 0.397
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Table 64. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered TL-B.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.188 PFEESA <RL 0.016

PFPeA 0.055 +0.008 0.035 PF40PeA <RL 0.016

PFHXxA <RL 0.094 PF50HXA <RL 0.016

PFHpA <RL 0.077 3-6-OPFHpA <RL 0.014

PFOA 0.13+£0.021 0.100 HFPO-DA <RL 0.022

PFENA <RL 0.052 ADONA <RL 0.016

PFDA <RL 0.098 9CI-PF30ONS <RL 0.016

PFUNDA <RL 0.054 11CI-PF30UdS <RL 0.016

PFDoDA <RL 0.037

PFTrDA <RL 0.085 n:2 FTAcr (V)

PFTeDA <RL 0.017 8:2 FTAcr <RL 12.9
10:2 FTAcr <RL 12.4

PFSA (NV)

PFPrS <RL 0.049 n:2 FTMAC (V)

PFBS 0.097 £0.016 0.0 6:2 FTMAC <RL 55.3

PFPeS <RL 0.016 8:2 FTMAC <RL 56.6

PFHxS <RL 0.034 10:2 FTMAC <RL 29.8

PFHpS <RL 0.017

PFOS <RL 0.133 n:2 FTOAc (V)

PFENS <RL 0.017 8:2 FTOAC <RL 12.7

PFDS <RL 0.022 10:2FTOAC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.085 +0.018 0.017 4:2 FTOH <RL 63.3

MeFBSA (SV) <RL 0.877 5:2 FTOH <RL 123

FHXSA (NV) <RL 0.017 6:2 FTOH <RL 64.8

FOSA (NV) <RL 0.017 7:2 FTOH <RL 70.2

MeFOSA (SV) <RL 0.367 8:2 FTOH <RL 66.1

EtFOSA (SV) <RL 0.368 10:2 FTOH <RL 64.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.302 4:2 FTS <RL 0.088

MeFOSAA <RL 0.094 6:2 FTS <RL 0.179

EtFOSAA <RL 0.094 8:2 FTS <RL 0.181
10:2 FTS <RL 0.035

FASE (SV)

MeFOSE <RL 0.878

EtFOSE <RL 0.865
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Table 65. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded TL-C.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA 1.16 £0.21 0.083 PFEESA <RL 0.011

PFPeA 0.49+0.18 0.049 PF40PeA <RL 0.012

PFHxA 1.49+0.79 0.114 PF50HXA <RL 0.012

PFHpA 0.818 £+ 0.097 0.216 3-6-OPFHpA <RL 0.012

PFOA 22+1.2 0.098 HFPO-DA 0.178 £0.047 0.013

PFENA 1.00+ 0.65 0.04 ADONA <RL 0.012

PFDA 0.95+0.38 0.039 9CI-PF30ONS <RL 0.012

PFUNDA 0.181 +£0.091 0.036 11CI-PF30UdS <RL 0.013

PFDoDA 0.34+£0.11 0.034

PFTIDA g:gggg * 0.016 n:2 FTAcr (V)

PFTeDA 0.104 £ 0.037 0.032 8:2 FTAcr <RL 10.1
10:2 FTAcr <RL 9.75

PFSA (NV)

PFPrS 0.065 + 0.017 0.024 n:2 FTMAC (V)

PFBS 1.257 £0.077 0.012 6:2 FTMAC <RL 34.6

PFPeS <RL 0.015 8:2 FTMAC <RL 35.4

PFHxS <RL 0.025 10:2 FTMAC <RL 18.6

PFHpS <RL 0.013

PFOS 0.178 £ 0.029 0.049 n:2 FTOAc (V)

PENS <RL 0.013 8:2 FTOAc <RL 20.0

PFDS <RL 0.013 10:2 FTOAc <RL 20.7

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) No Value 4:2 FTOH <RL 52.5

MeFBSA (SV) <RL 0.104 5:2 FTOH <RL 50.0

FHxSA (NV) No Value 6:2 FTOH <RL 50.3

FOSA (NV) 0.059 +0.014 0.017 7:2 FTOH <RL 49.8

MeFOSA (SV) <RL 0.05 8:2 FTOH <RL 49.2

EtFOSA (SV) <RL 0.162 10:2 FTOH <RL 50.0

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS 0.467 +0.071 0.257

MeFOSAA <RL 0.071 6:2 FTS No Value

EtFOSAA 0.25+0.11 0.061 8:2 FTS 0.58 + 0.35 0.026
10:2 FTS 0.548 + 0.055 0.067

FASE (SV)

MeFOSE <RL 0.268

EtFOSE <RL 0.0%0
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Table 66. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for TL-C following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.465 PFEESA <RL 0.011

PFPeA <RL 0.025 PF40PeA <RL 0.013

PFHXxA <RL 0.222 PF50HXA <RL 0.013

PFHpA <RL 0.101 3-6-OPFHpA <RL 0.013

PFOA <RL 0.146 HFPO-DA <RL 0.013

PFENA <RL 0.048 ADONA <RL 0.013

PFDA <RL 0.026 9CI-PF30ONS <RL 0.013

PFUNDA <RL 0.068 11CI-PF30UdS <RL 0.013

PFDoDA <RL 0.0

PFTrDA <RL 0.022 n:2 FTAcr (V)

PFTeDA <RL 0.014 8:2 FTAcr <RL 79.1
10:2 FTAcr <RL 30.0

PFSA (NV)

PFPrS <RL 0.028 n:2 FTMAC (V)

PFBS <RL 1.42 6:2 FTMAC <RL 258

PFPeS <RL 0.013 8:2 FTMAC <RL 54.2

PFHxS <RL 2.24 10:2 FTMAC <RL 28.6

PFHpS <RL 0.013

PFOS <RL 2.35 n:2 FTOAc (V)

PFENS <RL 0.027 8:2 FTOAC <RL 29.3

PFDS <RL 0.014 10:2 FTOAcC <RL 31.2

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.014 4:2 FTOH <RL 76.8

MeFBSA (SV) <RL 0.406 5:2 FTOH <RL 73.1

FHXSA (NV) <RL 0.014 6:2 FTOH <RL 77.3

FOSA (NV) <RL 0.016 7:2 FTOH <RL 76.4

MeFOSA (SV) <RL 0.404 8:2FTOH <RL 75.6

EtFOSA (SV) <RL 0.405 10:2 FTOH <RL 156

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS <RL 0.023

MeFOSAA <RL 0.014 6:2 FTS <RL 0.811

EtFOSAA <RL 0.014 8:2 FTS 0.194 £ 0.012 0.013
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.406

EtFOSE <RL 0.400
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Table 67. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered TL-C.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.217 PFEESA <RL 0.018

PFPeA <RL 0.040 PF40PeA <RL 0.018

PFHXxA <RL 0.108 PF50HXA <RL 0.018

PFHpA <RL 0.089 3-6-OPFHpA <RL 0.016

PFOA <RL 0.115 HFPO-DA <RL 0.025

PFENA <RL 0.080 ADONA <RL 0.018

PFDA <RL 0.113 9CI-PF30ONS <RL 0.019

PFUNDA <RL 0.063 11CI-PF30UdS <RL 0.019

PFDoDA <RL 0.042

PFTrDA <RL 0.098 n:2 FTAcr (V)

PFTeDA <RL 0.0 8:2 FTAcr <RL 15.4
10:2 FTAcr <RL 14.8

PFSA (NV)

PFPrS <RL 0.056 n:2 FTMAC (V)

PFBS 0.04 +£0.01 0.023 6:2 FTMAC <RL 66.2

PFPeS <RL 0.019 8:2 FTMAC <RL 67.7

PFHxS <RL 0.039 10:2 FTMAC <RL 35.7

PFHpS <RL 0.019

PFOS <RL 0.153 n:2 FTOAc (V)

PFENS <RL 0.019 8:2 FTOAC <RL 15.2

PFDS <RL 0.026 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.096 £ 0.011 0.0 4:2 FTOH <RL 75.8

MeFBSA (SV) <RL 0.904 5:2 FTOH <RL 148

FHXSA (NV) <RL 0.0 6:2 FTOH <RL 77.6

FOSA (NV) <RL 0.0 7:2FTOH <RL 84.0

MeFOSA (SV) <RL 0.379 8:2 FTOH <RL 79.2

EtFOSA (SV) <RL 0.379 10:2 FTOH <RL 77.1

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.349 4:2 FTS <RL 0.101

MeFOSAA <RL 0.108 6:2 FTS <RL 0.207

EtFOSAA <RL 0.108 8:2 FTS <RL 0.209
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.905

EtFOSE <RL 0.892
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Table 68. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded TL-D.

PFAS Concentration RL PFAS Concentration RL
(Lg/kg) (Lg/kg) (1grkg) (Mgrkg)

PFCA (NV) PPEA (NV)

PFBA 129+022  0.085 PFEESA <RL 0.011

PEPeA 0.63+0.17 0.050 PF40PeA <RL 0.013

PEHXA 061+014  0.116 PF50HXA <RL 0.012

PFHpA 0.44+0.D 0.220 3-6-OPFHpA <RL 0.012

PFOA 0419+008  0.099 HFPO-DA 0.60+0.21 0.014

PFNA 0.293 +0.093 0.041 ADONA <RL 0.012

PFDA 0.253 +0.095 0.039 9CI-PF30NS <RL 0.013

PFUNDA 0.121+0.053 0.036 11CFPF30UdS <RL 0.013

PFDODA 0.113 +0.047 0.034

PFTIDA 0.098 + 0.029 0.016 n:2 FTAcr (V)

PFTeDA 0.071+0.035 0.032 8:2 FTAcr <RL 13.9
10:2 FTAcr <RL 13.4

PFSA (NV)

PFPIS 8:8(2332 * 0.025 n:2 FTMAC (V)

PFBS 062+013  0.012 6:2 ETMAC <RL 47.7

PFPeS <RL 0.015 8:2 ETMAC <RL 48.8

PFHXS <RL 0.026 10:2 FTMAC <RL 257

PFHpS <RL 0.013

PFOS 8:832; * 0.050 n:2 FTOAC (V)

PENS <RL 0.013 8:2 FTOAC <RL 277

PFDS <RL 0.013 10:2 FTOAC <RL 28.5

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.125+0.014 0.014 4:2 FTOH <RL 72.4

MeFBSA (SV)  <RL 0.144 5:2 FTOH <RL 68.9

FHXSA (N\V)  <RL 0.014 6:2 FTOH <RL 69.4

0.0457 +

FOSA (NV) 0.0031 0018  (2FTOH <RL 68.6

MeFOSA (SV) <RL 0.069 8:2 FTOH <RL 67.9

EtFOSA (SV)  <RL 0.224 10:2 FTOH <RL 69.0

FASAA (NV) n:2 FTS (\V)

FOSAA <RL 0.013 42 FTS 104+018 0262

MeFOSAA <RL 0.072 6:2 FTS No Value

EtFOSAA <RL 0.062 8:2FTS <RL 0.026
10:2 FTS <RL 0.068

FASE (SV)

MeFOSE <RL 0.371

EtFOSE <RL 0.069
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Table 69. Measured PFAS concentrations (Ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for TL-D following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.530 PFEESA <RL 0.013

PFPeA <RL 0.028 PF40PeA <RL 0.014

PFHXxA <RL 0.253 PF50HXA <RL 0.014

PFHpA <RL 0.115 3-6-OPFHpA <RL 0.014

PFOA <RL 0.166 HFPO-DA <RL 0.014

PFENA <RL 0.055 ADONA <RL 0.014

PFDA <RL 0.030 9CI-PF30ONS <RL 0.015

PFUNDA <RL 0.078 11CI-PF30UdS <RL 0.015

PFDoDA <RL 0.023

PFTrDA <RL 0.025 n:2 FTAcr (V)

PFTeDA <RL 0.016 8:2 FTAcr <RL 82.2
10:2 FTAcr <RL 31.1

PFSA (NV)

PFPrS <RL 0.032 n:2 FTMAC (V)

PFBS <RL 1.62 6:2 FTMAC <RL 268

PFPeS <RL 0.015 8:2 FTMAC <RL 56.3

PFHxS <RL 2.55 10:2 FTMAC <RL 29.7

PFHpS <RL 0.015

PFOS <RL 2.68 n:2 FTOAc (V)

PFENS <RL 0.031 8:2 FTOAC <RL 30.5

PFDS <RL 0.016 10:2 FTOAcC <RL 32.4

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.016 4:2 FTOH <RL 79.8

MeFBSA (SV) <RL 0.420 5:2 FTOH <RL 75.9

FHXSA (NV) <RL 0.016 6:2 FTOH <RL 80.3

FOSA (NV) <RL 0.018 7:2 FTOH <RL 79.3

MeFOSA (SV) <RL 0.418 8:2 FTOH <RL 78.5

EtFOSA (SV) <RL 0.419 10:2 FTOH <RL 162

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS No Value

MeFOSAA <RL 0.016 6:2 FTS No Value

EtFOSAA <RL 0.016 8:2 FTS <RL 0.015
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.421

EtFOSE <RL 0.414
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Table 70. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered TL-D.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.236 PFEESA <RL 0.020

PFPeA <RL 0.044 PF40PeA <RL 0.020

PFHXxA <RL 0.117 PF50HXA <RL 0.020

PFHpA <RL 0.097 3-6-OPFHpA <RL 0.017

PFOA <RL 0.125 HFPO-DA <RL 0.027

PFENA <RL 0.066 ADONA <RL 0.020

PFDA <RL 0.123 9CI-PF30ONS <RL 0.020

PFUNDA <RL 0.068 11CI-PF30UdS <RL 0.021

PFDoDA <RL 0.046

PFTrDA <RL 0.106 n:2 FTAcr (V)

PFTeDA <RL 0.022 8:2 FTAcr <RL 15.9
10:2 FTAcr <RL 15.3

PFSA (NV)

PFPrS <RL 0.061 n:2 FTMAC (V)

PFBS 0.120+0.024 0.025 6:2 FTMAC <RL 68.1

PFPeS <RL 0.020 8:2 FTMAC <RL 69.7

PFHxS <RL 0.042 10:2 FTMAC <RL 36.7

PFHpS <RL 0.021

PFOS <RL 0.167 n:2 FTOAc (V)

PFENS <RL 0.021 8:2 FTOAC <RL 15.6

PFDS <RL 0.028 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 0.134 £ 0.011 0.022 4:2 FTOH <RL 78.1

MeFBSA (SV) <RL 0.836 5:2 FTOH <RL 152

FHXSA (NV) <RL 0.022 6:2 FTOH <RL 79.9

FOSA (NV) <RL 0.022 7:2 FTOH <RL 86.5

MeFOSA (SV) <RL 0.350 8:2 FTOH <RL 81.5

EtFOSA (SV) <RL 0.351 10:2 FTOH <RL 79.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.379 4:2 FTS <RL 0.110

MeFOSAA <RL 0.117 6:2 FTS <RL 0.225

EtFOSAA <RL 0.117 8:2 FTS <RL 0.227
10:2 FTS <RL 0.044

FASE (SV)

MeFOSE <RL 0.837

EtFOSE <RL 0.825
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Table 71. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for abraded TL-E.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)
PFCA (NV) PPEA (NV)
PFBA 0.433 £ 0.09 0.084 PFEESA <RL 0.011
PFPeA 0.311+£0.096 0.049 PF40PeA <RL 0.012
PFHXxA 0.424 +0.08 0.115 PF50HXA <RL 0.012
PFHpA <RL 0.217 3-6-OPFHpA <RL 0.012
PFOA 0.393+0.033 0.098 HFPO-DA 0.425 +0.084 0.013
PFENA 0.208 + 0.0 0.040 ADONA <RL 0.012
PFDA 0.210+ 0.0 0.039 9CI-PF30ONS <RL 0.012
PFUNDA 0.093 +£0.032 0.036 11CI-PF30UdS <RL 0.013
0.1085 +
PFDoDA 0.0087 0.034
PFTrDA gggéé + 0.016 n:2 FTAcr (V)
0.0464 +
PFTeDA 0.0052 0.032 8:2 FTAcr <RL 15.2
10:2 FTAcr <RL 14.7
PFSA (NV)
PFPrS <RL 0.024 n:2 FTMAC (V)
PFBS gzcl)%?gi 0012 62 FTMAC <RL 52.1
PFPeS <RL 0.015 8:2 FTMAC <RL 53.3
PFHxS <RL 0.025 10:2 FTMAC <RL 28.1
PFHpS <RL 0.013
PFOS <RL 0.049 n:2 FTOAc (V)
PENS <RL 0.013 8:2 FTOAc <RL 30.2
PFDS <RL 0.013 10:2 FTOAc <RL 31.1
FASA (NV, SV) n:2 FTOH (V)
FBSA (NV) No Value 4:2 FTOH <RL 79.1
MeFBSA (SV) <RL 0.156 5:2 FTOH <RL 75.2
FHxSA (NV) <RL 0.013 6:2 FTOH <RL 75.8
FOSA (NV) <RL 0.017 7:2 FTOH <RL 74.9
MeFOSA (SV) <RL 0.075 8:2 FTOH <RL 74.2
EtFOSA (SV) <RL 0.243 10:2 FTOH <RL 75.3
FASAA (NV) n:2 FTS (NV)
FOSAA <RL 0.013 4:2 FTS 0.635 + 0.0 0.258
MeFOSAA <RL 0.071 6:2FTS No Value
EtFOSAA <RL 0.061 8:2 FTS <RL 0.026
10:2 FTS <RL 0.067
FASE (SV)
MeFOSE <RL 0.403
EtFOSE <RL 0.075
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Table 72. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for TL-E following exposure to elevated temperature.

PFAS Concentration RL PFAS Concentration RL
(na/kg) (na/kg) (Hg/kg) (Hg/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.595 PFEESA <RL 0.014

PFPeA 0.69 + 0.46 0.032 PF40PeA <RL 0.016

PFHXxA 1.03+0.15 0.285 PF50HXA <RL 0.016

PFHpA 0.45 £ 0.27 0.129 3-6-OPFHpA <RL 0.016

PFOA 0.83+0.10 0.187 HFPO-DA 0.67 £0.61 0.016

PFNA 0.65 £ 0.25 0.062 ADONA <RL 0.016

PFDA 0.33+£0.15 0.033 9CI-PF30ONS <RL 0.017

PFUNDA <RL 0.088 11CI-PF30UdS <RL 0.017

PFDoDA 0.088 + 0.085 0.026

PFTrDA 0.048 £ 0.023 0.029 n:2 FTAcr (V)

PFTeDA <RL 0.018 8:2 FTAcr <RL 87.5
10:2 FTAcr <RL 33.1

PFSA (NV)

PFPrS <RL 0.036 n:2 FTMAC (V)

PFBS <RL 1.81 6:2 FTMAC <RL 285

PFPeS <RL 0.017 8:2 FTMAC <RL 59.9

PFHxS <RL 2.87 10:2 FTMAC <RL 31.6

PFHpS 0.071+0.034 0.017

PFOS <RL 3.01 n:2 FTOAc (V)

PENS <RL 0.035 8:2 FTOAC <RL 32.4

PFDS <RL 0.018 10:2 FTOAcC <RL 34.5

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) <RL 0.018 4:2 FTOH <RL 84.9

MeFBSA (SV) <RL 0.446 5:2 FTOH <RL 80.7

FHXSA (NV) <RL 0.018 6:2 FTOH <RL 85.4

FOSA (NV) <RL 0.020 7:2 FTOH <RL 84.4

MeFOSA (SV) <RL 0.444 8:2FTOH <RL 83.5

EtFOSA (SV) <RL 0.445 10:2 FTOH <RL 172

FASAA (NV) n:2 FTS (NV)

FOSAA No Value 4:2 FTS No Value

MeFOSAA <RL 0.018 6:2 FTS No Value

EtFOSAA <RL 0.018 8:2 FTS <RL 0.017
10:2 FTS No Value

FASE (SV)

MeFOSE <RL 0.446

EtFOSE <RL 0.440
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Table 73. Measured PFAS concentrations (ug-PFAS / kg-textile; mean + standard deviation of triplicate
measurements) and reporting limits (RL) for laundered TL-E.

PFAS Concentration RL PFAS Concentration RL
(Ha/kg) (Ha/kg) (ng/kg) (ng/kg)

PFCA (NV) PPEA (NV)

PFBA <RL 0.233 PFEESA <RL 0.019

PFPeA <RL 0.043 PF40PeA <RL 0.019

PFHXxA <RL 0.116 PF50HXA <RL 0.019

PFHpA <RL 0.096 3-6-OPFHpA <RL 0.017

PFOA <RL 0.124 HFPO-DA <RL 0.027

PFENA <RL 0.065 ADONA <RL 0.019

PFDA <RL 0.121 9CI-PF30ONS <RL 0.020

PFUNDA <RL 0.067 11CI-PF30UdS <RL 0.020

PFDoDA <RL 0.045

PFTrDA <RL 0.104 n:2 FTAcr (V)

PFTeDA <RL 0.021 8:2 FTAcr <RL 14.7
10:2 FTAcr <RL 14.1

PFSA (NV)

PFPrS <RL 0.060 n:2 FTMAC (V)

PFBS 0.0 +0.012 0.025 6:2 FTMAC <RL 63.0

PFPeS <RL 0.020 8:2 FTMAC <RL 64.5

PFHxS <RL 0.042 10:2 FTMAC <RL 34.0

PFHpS <RL 0.020

PFOS <RL 0.164 n:2 FTOAc (V)

PENS <RL 0.021 8:2 FTOAc <RL 14.5

PFDS <RL 0.028 10:2 FTOAcC No Value

FASA (NV, SV) n:2 FTOH (V)

FBSA (NV) 8;882,311' 0.021 4:2 FTOH <RL 72.2

MeFBSA (SV) <RL 0.814 5:2 FTOH <RL 141

FHXxSA (NV) <RL 0.021 6:2 FTOH <RL 73.9

FOSA (NV) <RL 0.021 7:2 FTOH <RL 80.1

MeFOSA (SV) <RL 0.341 8:2 FTOH <RL 75.4

EtFOSA (SV) <RL 0.342 10:2 FTOH <RL 73.4

FASAA (NV) n:2 FTS (NV)

FOSAA <RL 0.373 4:2 FTS <RL 0.108

MeFOSAA <RL 0.116 6:2 FTS <RL 0.222

EtFOSAA <RL 0.116 8:2 FTS <RL 0.223
10:2 FTS <RL 0.043

FASE (SV)

MeFOSE <RL 0.815

EtFOSE <RL 0.803
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Appendix A. Experimental Details
A.1l. Materials

A.1.1. Firefighter Turnout Gear Textiles

Table74 shows thearea density (kg/f)and an example image of each textile prior to stressing

Table 74. Area densities (mean + standard deviation of triplicate measurements; kg/m?) and images of
firefighter turnout gear textiles prior to stressing.

Textile Area Density (kg/nv) Image
MB-A 0.1672 + 0.0026

MB-B 0.1533 £ 0.0015

MB-C 0.2540 + 0.0011

MB-D 0.2049 + 0.0037

MB-E 0.1675 + 0.0012

MB-F 0.2128 + 0.0031
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Table 74. (Continued)

Textile Area Density (kg/n¥) Image

OSA 0.2244+ 0.0070

OSASC 0.2093 + 0.0027

0SB 0.2635+ 0.0055
0oSsC 0.2333 + 0.0093
OoSD 0.2619 + 0.0085
OSE 0.2461 + 0.0114

OSF 0.2574 +£ 0.0016
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Table 74. (Continued)

Textile Area Density (kg/nv)

OSFSC 0.2178 +£0.0073

0SG 0.2779 + 0.0046
TL-A 0.3428 + 0.0087
TL-B 0.3813 £ 0.0147
TL-C 0.3727 +£0.0019
TL-D 0.3533 + 0.0043

TL-E 0.3412 + 0.0106
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A.1.2. PFAS Analytical Standards and NIST Reference Materials

The selection of PFAS for inclusion in this study was based on previous reports in the scientific
literature, the professionakperience of NIST researchers related to PFAS and firefighter gear, as
well as conversations with subject matter experts outside NIST. Analytical standards were
obtained for 5 PFAS including 11 PFCAs, eight PFSAs, six perfluoroalkane sulfonamides
(FASA), three perand polyfluoroalkane sulfonamido acetic acids (FASAA), two perfluoroalkane
sulfonamido ethanols (FASE), eight PPEAS, six n:2 FTAWag,n:2 fluorotelomer acrylates (n:2
FTAcr), three n:2 fluorotelomer methacrylates (n:2 FTMAC), two n:2 fluéooter acetates (n:2
FTOAC), two n:2 fluorotelomer acrylates (n:2 FTAcand four n:2 fluorotelomer sulfonates (n:2
FTS).

Analytical standardélable75) and isotopically labeled standa(d@®ble76) for nonvolatile PFAS

as well as semivatile PFAS ([able77andTable78) wereobtained from Wellington Laboratories
(Guelph, Ontario, Canada). Analytical standards and isotopically labeled standards for volatile
PFAS ({Table79 and

NIST Reference Materials (RMs3446 Perfluorinated Carboxylic Acids and Perfluorooctane
Sulfonamide in Methanol (844@nd 844 Perfluorinated Sulfonic Acids in Methanol (844v@re
obtained for usas quality controbamplegTable81 andTable82).
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Table 80) were obtained from Wellington Laboratories and Synquest Laboratories (Alachua, FL).
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Table 75. Analytical standard solutions obtained from Wellington Laboratories for use in nonvolatile PFAS
analysis, with full analyte names, CAS RN, and abbreviations (bold), as well as analyte concentrations
with expanded maximum combined percent relative uncertainty. PFHxS, PFOS, MeFOSAA, and
EtFOSAA in PFAC30PAR were present as a mixture of structural isomers.

Standard Contents

Concentration

PFAC30- Perfluoren-butanoic acid (3722-4; PFBA), Perfluoren-

PAR pentanoic acid (27080-3; PFPeA), Perfluoren-hexanoic acid
(307-24-4; PFHxA), Perfluoren-heptanoic acid (3785-9;
PFHpA), Perfluoren-octanoic acid (3357-1; PFOA),
Perfluoren-nonanoic acid (37#95-1; PFNA), Perfluoren-
decanoic acid (3336-2; PFDA), Perfluoren-undecanoic acid
(2058-94-8; PFUNDA), Perfluoren-dodecanoic acid (3635-1;
PFDoDA), Perfluoren-tridecanoic acid (726294-8; PFTrDA),
Perfluoran-tetradecanoic acid (037@6-07; PFTeDA),
Perfluora1-butanesulfonamide (3033B-1; FBSA), Perfluore
1-hexanesulfonamide (41994.3-1; FHxSA), Perfluorel-
octanesulfonamide (75891-6; FOSA), Tetrafluore2-
(1,1,2,2,3,3,5heptafluoropropoxypropanoic acid (132523-6;

HFPODA), N-methylperfluorel-octanesulfonamidoacetic acic

(235531-9; N-MeFOSAA), N-ethylperfluorel-
octanesulfonmidoacetic acid (29950-6, N-EtFOSAA),
Potassium perfluorobutanesulfonate (29423; PFBS),
Sodium perfluoropentanesulfonate (6304221; PFPeS,
Potassium perfluorohexanesulfonate (38846; PFHxS),
Sodium perfluoroheptanesulfonate (219849; PFHpYS),

Potassium perfluorooctanesulfonate (2-8%63; PFOS), Sodium

perfluorononanesulfonate (987%89-2; PFNS), Sodium
perfluorodecanesulfonate (2806-7; PFDS), Sodium
1H,1H,2H,2H;perfluorc 1-hexanesulfonate (276498-8; 4.2
FTS), Sodium 1H,1H,2H,2Hpelfluoro-1-octanesulfonate
(2761994-9; 6:2 FTS), Sodium 1H,1H,2H,2Hperfluorc 1-
decanesulfonate (2762%5-1; 8:2 FTS), Sodium dodecafluoro
3H-4,8-dioxanonatoatdaDONA), Potassium9
chlorohexadecafluor8-oxanonanel-sulfonate (73608.9-6;
9CI-PF30ONS), Pdassium 1ichloroeicosafluores-
oxaundecand-sulfonate (833289-9; 11CI-PF30UdS

(1.00pg/mL
0.05ug/mL) in
methanol/isopropanol
(6%) /water (< 1%)

PFAC-
MXG

Perfluora4-oxapentenoic acid (3773-1; PF40OPeA), Perfluore
5-oxahexanoic acid (863098-5; PF50HXA), Perfluore3,6-
dioxaheptanoic acid (1517%58-6; 3,6OPFHpA), Potassium
perfluoro(2ethoxyethane)sulfonic aciPFEESA)

(2.0pg/mL
0.1pg/mL) in
methanol/water (<1%)

L-PFPrS Sodium perfluoropropanelonate (3598682-9; PFPrS)

(50.0pug/mL £
2.5ug/mL) in
methanol

FOSAA  Perfluorooctane sulfonamidoacetic acid (2&8%66; FOSAA)

(50.0pg/mL
2.5ug/mL) in
methanalwater (<1%)

10:2FTS Sodium 1H,1H,2H,2Hperfluorc1-dodecanesulfonatd (:2

FTS)

(50.0pg/mL
2.5ug/mL) in
methanol

119



Table 76. Isotopically labeled internal and injection standard solutions obtained from Wellington
Laboratories for use in nonvolatile and semivolatile PFAS analysis, with full analyte names, and analyte
concentrations with expanded maximum combined percent relative uncertainty where provided.

Standard

Contents

Concentration

MPFAC-24ES

Perfluoren-[13C4}butanoic acid, Perfluoro-
[13C5}pentanoic acid, Perfluone-[1,2,3,4,6
13C5}hexanoic acid, Perfluorn-[1,2,3,4
13C4}heptanoic acid, Perfluomo-[13C8}
octanoic acid, Perfluora-[13C9}nonanoic
acid, Perfluoren-[1,2,3,4,5,613C5]de&anoic
acid, Perfluoren-[1,2,3,4,5,6,7
13C7]undecanoic acid, Perfluers[1,2-
13C2]dodecanoic acid, Perfluerng[1,2-
13C2]tetradecanoic acid, Sodium perfludro
[2,3,413C3}butanesulfonate, Sodium
perfluorc1-[1,2,313C3}hexanesulfonate,
Sodium perfluoo-1-[13C8}octanesulfonate,
Perfluore1-[13C8]octanesulfonamide,-N
methytd3-perlfuoro1-octanesulfonamid acetic
acid, Nethytd5-perfluore1-octanesulfonamido
acetic acid, Sodium 1H, 1H, 2H, 2berfluorc
1-[1,2-13C2}hexane sulfonat&odium 1H, 1H,
2H, 2H-perfluore1-[1,2-13C2}octane
sulfonate, Sodium 1H, 1H, 2H, 2perlfuorc 1-
[1,2-13C2}decane sulfonate

(1.00pg/mL £
0.05pg/mL) in
methanol/
isopropanol
(2%)/water (<1%)

M3HFPO-DA

Tetrafluoro(heptafluoropropoxy)iCs]-
propanoic acid

(50.0pg/mL £
2.5ug/mL) in
methanol

MPFAC-C-IS

Perfluoren-[2,3,413C3}butanoic aciqPFBA-
INJ), Perfluoren-[1,2,3,413C4}octanoic acid
(PFOA -INJ), Perfluoren-[1,2-13C2]decanoic
acid (PFDA -INJ), Sodium perfluorel-[1,2,3,4
13C4}octanesulfonat@PFOS-INJ)

(50.0pg/mL £
2.5ug/mL) in
methanolvater
(<1%)
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Table 77. Analytical standard solutions purchased from Wellington Laboratories for use in semivolatile
PFAS analysis including full analyte names, CAS RN, abbreviations (bold), and analyte concentrations
with expanded maximum combined percent relative uncertainty where provided.

Standard Contents Concentration
N-MeFBSA-M NonafluoreN-methylbutancesulfonamide (50 pg/mL £

(682912-4; MeFBSA) 2.5ug/mL) in methanol
N-MeFOSA-M HeptadecafluordN-methyloctancesulfonamide (50 pg/mL +

(3150632-8; MeFOSA) 2.5ug/mL) in methanol
N-EtFOSA-M HeptadecafluordN-ethyloctancesulfonamide (50 pg/mL £ 2.5ug/mL

(415150-2; EtFOSA) in methanol
N-MeFOSE-M 2-(N-methylperfluorel-octanesulfonamide) (50 ug/mL £

ethanol (244489-7; MeFOSE) 2.5ug/mL) in methanol
N-EtFOSE-M 2-(N-ethylperfluorel-octanesulfonamide) (50 pg/mL £

ethanol (169199-2; EtFOSE) 2.5ug/mL) in methanol

Table 78. Isotopically labeled internal standard solutions obtained from Wellington Laboratories for use in
semivolatile PFAS analysis, with full analyte names, and analyte concentrations with expanded maximum

combined percent relative uncertainty where provided.

Standard Contents Concentration
d-N-MeFOSA-M  N-methyd3-perflourc1l-octanesulfonamide (50 ug/mL £ 2.5ug/mL)
in methanol
d-N-EtFOSA N-ethytd5-perfluore1-octanesulfonamide (50 pg/mL + 2.5ug/mL)
in methanol
d7-N-MeFOSE-M  2-(N-methytd3-perfluorc 1- (50 pg/mL £ 2.5ug/mL)
octanesulfonamido)ethai-ol in methanol
d9-N-EtFOSE-M  2-(N-ethytd5-perfluoro1- (50 pg/mL £ 2.5ug/mL)
octanesulfonamido)ethai-ol in methanol
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Table 79. Analytical standards solutions obtained for volatile PFAS analysis with supplier (WL =
Wellington Laboratories, S = Synquest Laboratories), full analyte names, CAS RN, abbreviations (bold),
and analyte concentrations with expanded maximum combined percent relative uncertainty where

provided.

Standard

Contents

Concentration

8:2FTAcr (W)

1H, 1H, 2H, 2HPerfluorodecyl acrylate
(2790545-9; 8:2 FTAcr)

(50.0 pg/mL
2.5pg/mL) in isooctane

10:2 FTAcr 1H, 1H, 2H, 2HPefluorododecyl acrylate (47.9pg/mL =
(W) (1774160-5; 10:2 FTAcr) 2.4pug/mL) in isooctane
FBET (W) 2-Perflourobutyl ethanol (20487-2; 4.2 (500 pg/mL

FTOH) 2.5pg/mL) in methanol
5:2sFTOH (W) 1-Perfluoropentyl ethanol (9146335-1; 5:2 (50.0 pg/mL

FTOH) 2.5ug/mL) in methanol
FHET (W) 2-Perfluorohexyl ethanol (6442-7; 6:2 (500 pg/mL

FTOH) 2.5ug/mL) in methanol
7:2sFTOH (W)  1-Perfluoroheptyl ethanol (240183-6; 7:2 (500 pg/mL

FTOH)

2.5 ug/mL) in methanol

FOET (W) 2-Perfluorooctyl ethanol (6789-7; 8:2 (50.0 pg/mL £
FTOH) 2.5ug/mL) in methanol
FDET (W) 2-Perfluorodecyl ethanol (86586-1; 10:2 (50.0 pg/mL £

FTOH)

2.5ug/mL) in methanol

8:2 FTOAC (W)

1H, 1H, 2H, 2HPerfluorodecyl acetate
(3785804-1; 8:2 FTOAC)

(48.5pg/mL+ 2.4
pHg/mL) in isooctane

10:2FTOAC
(W)

1H, 1H, 2H, 2HPerfluorododecy! acetate
(3785805-2; 10:2 FTOACQ)

(50.0 pg/mL £
2.5ug/mL) in isooctane

8:2 FTAcr (W)

1H, 1H, 2H, 2HPerfluorodecyl acrylate
(2790545-9; 8:2 FTAcr)

(50.0 pg/mL £
2.5pug/mL) in isooctane

10:2 FTAcr 1H, 1H, 2H, 2HPerfluorododecyl acrylate (47.9ug/mL £ 2.4

(W) (1774160-5; 10:2 FTACcr) pg/mL) in isooctane

23243-46 (S) 1H, 1H, 2H, 2HPerfluorooctyl methacrylate (97 % Purity)
(214453-8;6:2 FTMAC)

23243-42(S) 1H, 1H, 2H, 2HPerfluorodecyl methacrylate (97 % Purity)

(1996:88-9; 8:2 FTMAC)

23243-Y5 (S)

1H, 1H, 2H, 2HPerfluorododecyl
methacrylate (214%54-9; 10:2FTMAC)

(97 % Purity)

NIST Reference Materials (RM$446 Perfluorinated Carboxylic Acids and Perfluorooctane
Sulfonamide in Methanol (844@hd 844 Perfluorinated Sulfonic Acids in Methanol (844vgre
obtained for usas quality controbamplegTable81 andTable82).
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Table 80. Isotopically labeled standard solutions purchased from Wellington Laboratories for volatile
PFAS analysis, including full analyte names, and analyte concentrations with expanded maximum
combined percent relative uncertainty where provided.

Standard Contents Concentration

MFBET 2-Perfluorobutyd[1,1,2,2?Ha]-ethanol (48.5ug/mL £ 2.4
pug/mL) in methanol

MFHET 2-Perfluorohexy[1,1-2H2]-[1,2-13C2]-ethanol (50 ug/mL * 2.5ug/mL)
in methanol

MFOET 2-Perfluorooctyd[1,1-2H2]-[1,2-13C2]-ethanol (50 ug/mL * 2.5ug/mL)
in methanol

MFDET 2-Perfluorodecy{1,1-Hz]-[1,2-13Co]-ethanol (50 ug/mL * 2.5ug/mL)

in methanol

Table 81. Reference mass fractions for NIST Reference Material 8446 including mean value and
expanded uncertainty with 95 % confidence.

PFAS Mass Fraction
(mg/kg)
PFHXA 59.1+1.4
PFHpA 76.0+7.2
PFOA 548 +2.2
PFNA 63.0+1.4
PFDA 58.1+4.0
PFUdA 62.8+6.5
PFDoDA 59.5+7.0
PFTrDA 62.9+2.8
PFTeDA 58.0 +3.8
PFBA 43 +11
PFPeA 60.9+0.9
FOSA 66.9+1.7

Table 82. Reference mass fractions NIST Reference Material 8447 including mean value and expanded
uncertainty with 95 % confidence.

PFAS Mass Fraction (mg/kg)
PFBS 42.3+2.3
PFHxS 55.2+1.7
PFOS 56.6 + 2.5
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A.1.3. Method Reproducibility Material (OS-FRM)

As described in NIST TN 2248100 cuttings ofouter shell textileOS-F were prepare@dnd
designate@©S-FRM. Once PFAS concentrations in @M were determinediéble83), a single
section of OS-RM was extracted and analyzed with each batch of 11 textile saraples
nonvolatile, semivolatile, and volatile PFAS analysis

Table 83. PFAS concentrations (mean * standard deviation) determined from analysis of twelve
replicates of OS-FRM. Measured concentrations that were below the reporting limit in individual replicates
were not included in average and standard deviation calculations.

PFAS (Hg/kg)
Nonvolatile PFAS

PFBA 11.69 +0.48
PFPeA 12.81 +0.73
PFHXA 38.1+3.2
PFHpA 5.37 £ 0.43
PFOA 0.369 £ 0.075
PFNA 0.214 £ 0.048
PFDA 0.316 £0.051
PFBS 1.38 +0.29
FBSA 0.333+£0.018
FHxSA 0.0345 = 0.005

Semivolatile PFAS

MeFOSE 0.53+0.12
Volatile PFAS

6:2 FTOH 273+ 39
6:2 FTMAC 613+ 107

A.2. PFAS Analysis

PFAS analytical methods, including quality control limits, for-GIS analysis of volatile PFAS
as well as L&MS/MS analysis of semivolatile and nonvolatile PFAS wedormed as
describedn NIST TN 224822].

A.3. Quality Control Results

With each analytical sequence a range of quality cb(@@) results were obtained. Reporting
limits determined with each measurement (Secidh4), NIST RM 8446 and 8447 recovery
(SectionA.3.5), as well as O%RM recovery (Seabin A.3.6) are detailed below.
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A.3.4. Reporting Limits

Reporting limits determined for ea@tFAS measuremenh stressed firefighter gear textiles are
above inTables5 - 73. Histograms of the reporting limits for measurements made with each of the
three analytical methods are shownHFigure 17. Most of the determinedeporting limits for
nonvolatile 2084 out of 2194 and semivolatile 465 out of 328 PFAS measurements were

< 0.5ug/kg. Reporting limits for volatile PFAS were much higheut of a total of 858eported
volatile GC measuremés, no reporting limit was under 8&/kgand 71 wer@ver 100ug/kg.
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Figure 17. Histograms of reporting limits for individual measurements of (NV) PFAS determined with
nonvolatile analytical method (binwidth = 0.125 pg/kg), (SV) PFAS determined with semivolatile analytical
method (binwidth = 0.1pg/kg), and (V) PFAS determined with volatile analytical method (binwidth = 25

Hg/kg).

A.3.5. NIST Reference Materials 8446 and 8447

Nonvolatile PFAS concentrations in extracts of firefighter turnout gear textiles were determined
across 16 analytical sequences. Gravimetric dilutions of NIST RMs 84#4&fluorinated
Carboxylic Acids and Perfluorooctane Sulfonamide in Mebhas well as 844 Perfluorinated
Sulfonic Acids in Methanolwere prepared and analyzed with each sequence and measured
concentrations wereetween 8.4 % - 119 % of the reference values for all analytEgy(ire18).

The recovery of all NIST RM 8446 and 8447 analytes suggests that calibration regressions
determined with each nonvolatile analytical sequence were consistent and accurate.

125



150

B0 o

=]
—

Recovery (%)
~
o

PFBA
PFPeA
PFHXA
PFHpA
PFOA
PFNA
PFDA
PFUNDA
PFDoDA
PFTIDA-
PFTeDA
PFBS
PFHXS
PFOS
FOSA

Figure 18. Recoveries of reference PFAS in NIST reference materials 8446 and 8447 across 16
analytical sequences. 100 % recovery is indicated with a solid line while 70 % and 130 % recoveries are
indicated with dashed lines.

A.3.6. Method Reproducibility Materials (OS-FRM)

Extraction batches included a single cuttingGf$FRM to determine extraction consistency.
Recovery acrossinenonvolatile,eightsemivolatile, and 10 volatile extraction batches are shown
in Figure19. Some analytes were not quantified in all batches due to reportingbienmg above

the measured or nominal PFAS concentratiétecoveries ranged from 819 to 128 % for
nonvolatile PFAS, 59.% to141 % for semivolatil®FAS, and 38.8 to 132 %for volatile PFAS.
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Figure 19. Recovery of PFAS in OS-FRM that had a previously measured concentration over 0.5 pg/kg
across 9 nonvolatile, 8 semivolatile, and 10 volatile PFAS extraction batches. 100 % recovery is indicated
with a solid line while 70 % and 130 % recoveries are indicated with dashed lines.

127



A.3.7. PFAS Concentrations in Unstressed Firefighter Gear Textiles

PFAS concentrations imnstressedirefighter gear textiles were previously reported in NIST TN
2248[22]. The summed PFAS concentrations determinednsiressedirefighter textiles are
shown inFigure20.
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Figure 20. Summed PFAS concentrations in unstressed firefighter turnout gear textiles according to
textile type (MB = moisture barrier, OS = outer shell, SC = scoured outer shell, TL = thermal liner). Error
bars indicate the combined standard uncertainty of the summed PFAS concentrations. Bar shade
indicates PFAS class. This figure was previously Figure 2 in NIST TN 2248 [22].

A.3.8. PFAS Concentrations in Stressed Firefighter Gear Textiles

The neasuredPFASconcentrationsleterminedn unstressedéirefighter gear éxtilesin NIST TN
2248[22] aswell as the same firefighter gear textiles following exposure to each stressing process
are shown irFigure21 - Figure27. Scatter plots comparing summed nonvolatile or volatile PFAS
concentrations before and after each stressing processFageiia28 - Figure35.

128



PFBA 1
PFCA PFPeA
PFHXA -
PFHpA -
PFOA -
PFNA
PFDA -
PFUNDA -
PFDODA -
PFTrDA 1
PFTeDA 1

PFPrS
PFSA PFBS
PFPeS

PFHxS

PFHpS

PFOS

PFNS

PFDS

FBSA

FASA MeFBSA
FHxSA

FOSA

MeFOSA

EtFOSA

FOSAA
FASAA MeFOSAA
EtFOSAA
MeFOSE
FASE e HHAH
PFEESA
PFEA PF40PeA
PF50HxA
3-6-OPFHpA
HFPO-DA
ADONA

9CI-PF30ONS
11CI-PF30UdS

n2FTAcr  2iaeHHH

n2 FTIMAC 93 ngg @
10:2 FTMAC

n2FToAc  220%HHEHH

n:2 FTOH 2FToH E
2 FTOH
2
2
2

LTI TTTTT]

. > 1,000 pgrkg

. 300 - 1,000 pg/kg

. 100 - 300 pg/kg
E I:I 0-100 pg/kg
[:] <RL

|

]
i

ve-crnew{ T T TT IO OOT I I T MO OOOI T OO T IO T I TTTITTT]

FTOH
FTOH
FTOH

4:
5:
6:
7:
8:
0:

1

veBrew{ T T T T [ OO IO T TOMOO O TOOI T I T OO I I

MB-A new

MB-A Abr. -
MB-A Heat 4
MB-A Lau. 1
MB-B Abr. 4
MB-B Heat 4
MB-B Lau. 4
MB-C Abr. 1
MB-C Heat -
MB-C Lau. A

Figure 21. Mean PFAS concentrations determined from triplicate analysis of MB-A (left), MB-B (center),
and MB-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to elevated
temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade. Measurements not
reported due to unmet QC standards are in white.
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Figure 22. Mean PFAS concentrations determined from triplicate analysis of MB-D (left), MB-E (center),
and MB-F (right) either prior to stressing (new) or following abrasion (Abr), exposure to elevated
temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade. Measurements not
reported due to unmet QC standards are in white.
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Figure 23. Mean PFAS concentrations determined from triplicate analysis of OS-A (left), OS-B (center),
and OS-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to elevated
temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV). Concentrations indicated by
shade. Measurements not reported due to unmet QC standards are in white.
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Figure 24. Mean PFAS concentrations determined from triplicate analysis of OS-D (left), OS-E (center),
and OS-F (right) either prior to stressing (new) or following abrasion (Abr), exposure to elevated
temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV). Concentrations indicated by
shade. Measurements not reported due to unmet QC standards are in white.
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Figure 25. Mean PFAS concentrations determined from triplicate analysis of OS-G (left), OS-ASC

(center), and OS-FSC (right) either prior to stressing (new) or following abrasion (Abr), exposure to

elevated temperatures (Heat), laundering (Lau.) or exposure to UV radiation (UV). Concentrations
indicated by shade. Measurements not reported due to unmet QC standards are in white.
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Figure 26. Mean PFAS concentrations determined from triplicate analysis of TL-A (left), TL-B (center),
and TL-C (right) either prior to stressing (new) or following abrasion (Abr), exposure to elevated
temperatures (Heat), or laundering (Lau.). Concentrations indicated by shade. Measurements not

reported due to unmet QC standards are in white.
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Figure 27. Mean PFAS concentrations determined from triplicate analysis of TL-D (left) and TL-E (right)
either prior to stressing (new) or following abrasion (Abr.), exposure to elevated temperatures (Heat), or
laundering (Lau.). Concentrations indicated by shade. Measurements not reported due to unmet QC
standards are in white.
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