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. . . Table 2. MRM-based calibration curves and sensitivity of four FTOHs and two FOSEs on LCMS-8050 (100.000) (100.000)
Overview 3. Results and Discussion .
" Compound : Quantifier | Reference ) Range | LOQ | LOD .o (a) Blank textile 1 (c) Post-spiked
- - .. - 3.1 MRM transitions and optimization e Abbr. rormua CASNo |RTimin MRM LR | (ng/mL) |(ng/mL) (ng/mL) s extract o : )
o A novel. methpd is developed for .screenl.ng and'quantlfymg six very less-polar FTOHs and = P L 4:2 ETOH CoHeEsO 2043.47-2 | 6.67 30325500 |323.25323.2| 0.9999 | 5-50 | 3.7 1o o
FOSEs in textiles on LCMS-8050 with ESI in negative MRM mode The six very less-polar compounds (4:2 FTOH, 6:2 FTOH, 8:2 FTOH, 10:2 FTOH, N-MeFOSE and N- P S i m
< LC/MS/MS quantitation method with calibration range, linearity, LOD/LOQ and repeatability was EtFOSE) are ionised effectively with ESI to form acetate adduct ion [M+CH,;COQ]" in negative mode 2 | 6:2FTOH CeHsF130 647-42-7 | 937 | 423.1>59.1 |423.1>4231/0.9999 | 2~50 | 17 | 06 w » 100 wmr A
established with mixed standards (I?g# re 1). The |on\7V.tehnd o fragmentdtcl)vlfslrvlm acetate lon or remain .mtﬁCtbgule fo the I\e/Ithzrl\e/zlme stability 3 | 82FTOH CioHsFi70 | 678-39-7 | 1157 | 523.2>59.0 |523.0>523.0( 0.9997 | 1~50 | 0.8 | 0.3 ‘ N e
+ Matrix effect and recovery were evaluated for a procedure of MeOH extraction of textile sample 0 ctl N struct'Fure%E 'th an batu'Fom datfe wo t op'gltmlsatlol\r/]l+pgngrélclf)n Om S aCHo(l:chg)n_s, g transmoni | N | &
with sonication at RT, matrix effect observed at 31~96% and recovery at 63% ~ 143%. and respective were obtained for two transitions, [ 3 I> [CH4 ] an [precursor] 4 10:2 FTOH Ci2HsF210 865-86-1 | 13.60 | 623.2>59.1 |623.2>623.2| 0.9994 | 1~50 | 0.5 0.2 ) Wl 3 Wi
[precursor]. These two MRMs for each compound were used, the former for quantitation and the latter MeFOSE | ComrNOS | 22448007 | 1213 | 61615501 |616.15616.4] 0.0995 | 0.02-1 | 0.005 | ©0.002 e I
. . - - > > ~ 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 min 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 min
: for confirmation to set up an LC/MS/MS method. > © e ' e ' i e ' ' ' oo
. ~ A~ 6 NEtFOSE | CiHioF17NO3S | 1691-99-2 | 12.81 | 630.1>59.1 |630.1>630.1| 0.9999 [0.02~1| 0.002 | 0.001 (b) Pre-spiked
"1 4:2 FTOH 50ppm, 10uL *1'° s At ] 6.2 FTOH 50ppm, 5uL  [M+Ac] /" °*% 8:2 FTOH 50ppm, 5uL 2yte 7
Perfluorinated compounds (PFCs) represent a large collective of chemicals, which have been used ] (M+Ac] [M+Ac] : o ucammeen  ema N
) : : . ) ) e oo The details of the quantitation method . 8:2 FTOH 150 8 2 . . .
widely in textile, leather and other consumer products for their unique water and oil repellent . ) o ) . 42FTOH ™ 6:2FTOH ] 1 oob I i Figure 5: MRM chromatograms of spiked sample (ii)
: : : including sensitivity are summarized in 1ppb 1ppb bp N 5, )
properties. However, PFCs including PFAS (per- and polyfluoroalkyl substances) also become X I - Table 2. Refer to Fig.3, LOD and LOQ ~ ~ SIN363 S/N 5.62 S/N12.16 R (@) Blank textile extract
environmental and health concerns. Some components like perfluorooctanesulfonic acid (PFOS) ST o] B ' 9g.5, L% UV W 197 N (b) Pre-spiked textile extract of 20 ng/mL each FTOH,
_ _ : _ _ _ _ - R N g ol e - a0 values were determined with the lowest ; i 0.4 ng/mL each FOSE
and perfluorooctanoic acid (PFOA) are regulated as restricted substances in textiles by industrial w1 Ly PN 006 | O .Y 7 Ny N P level standard using LabSolutions. with . W 0 ' . .
Standards and regulations[l]. LC/MS/MS and GC_MS have used in anaIySeS Of Various PFCS or goﬁzn(moooog? 200 250 300 350 N mz 42[:;[2“(“207050200) 300.0 3250 350.0 /3:0 400.0 4250 mz 403;2:(“030;5Dg0) 400.0 4250 450.0 4';!\ 500.0 525.0 mwz S/N >/_ 3 and 1Og res eCtiveI [] The ZE:% zz:é ::::NWA’\‘LWW 0'257; : (C) (P)04.S:]-S/pr:1kl_ega‘.t§ﬁtlF|%§EtraCt Of 20 ng/mL ea.Ch FTOH’
PFAS in various environmental samples and consumer products. A LC/MS/MS method was reported :2{10:2 FTOH 50ppm, 5ul e 353 -MEFOSE, Tppm, L /BRI [M+Ac]- o N-EIFOSE, fppm, ful /15 p oo - : P Y 000 4 Ng '
) . : . o ) [M+Ac]- z S/N of each compound was calculated
pl‘eVIOUS|y fOI‘ S|mUItaneOUS|y a.na.lyS|S Of 24 PFCS N '[eX'[IleS[ ] PeI‘ﬂUOI‘OOC'[ane SUIfonam|deS 6.0 7 302 accordm '[0 ASTM method W|th an QEB?")“‘S(" 12"830615!")5915“ ‘“53“3010””’(” 22222 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 min
(FOSEs) and fluorotelomer alcohols (FTOHSs) belong to less-polar PFCs and may degrade to form . ] interval gf 0.5 min for the whole fime ™ b | = R ot | | | o |
PFOS and PFOA. Normally, they are analysed using GCMS with chemical ionisation (Cl) due to canae. For the four FTOHs. auantitation S/N16.46/ > S/N 46.40 .. S/N 103.62 Across all three concentrations, it was observed that the textile extracts resulted in ion suppression for
their non-polar propertiesi®4l, In this study, an alternative method using LC/MS/MS was developed N ) 15 Iimi? (.LOQ) and detection’ ?imit (LOD) ’ a_II the_ six PFCs. Most PFCs_dlspIayed matrix eff_ect ranging from 46.2% to 95.7%.10:2 FTOH was more
for the analysis of four FTOHs and two FOSEs in textiles to respond the recent demands in testing % M A 7 N N/ / 4 0915 significantly affected by the interferences, resulting in matrix effect of 30.5%~56.2% across. As shown
analysis for textile and consumer products. ' T e e e e e e are at 0.5~3.7 g mL an - _'”1- in Figure 5, significant interference peaks appeared for every compound. This indicates that further
Figure 1: MS Spectra and precursors of individual FTOHs and FOSEs in negative ESI mode on LCMS-8050 ng/m.l_., N I’eSpeCtIVe|)r/].. MdU?h hh|gher B i P PR YR T e W sl e [ P P P A i clean up Step may be needed for the MeOH extract before analysis to quantitate trace levels of FTOHs
. sensitivities were achieved for the two
i - Indivi and FOSEs by ESI-LC/MS/MS method.
2_ EX errm ental . . . g : : Figure 4: Individual MRM chromatograms of four FTOHs at 1
P 3.2 Establishment of LC/MS/MS method for detection and quantification EgsES SSL?)O[;np?rgdoég STO%I;S, \;vmlj ng/mL and two FOSES at 0,02 ng/mL in mixed standards
(<1.000) an at 0.002~0. ng/m : :

F FTOH dards. i 2.-perfl butvl ethanol (4:2 ETOH). 2-perfl hexvl ethanol (6:2 Fig.2 shows the MRM chromatograms of the : w1y Q g N Recovery of the sample preparation was also evaluated. Overall, good recovery was obtained for all
our standards, i.e., 2-perfluorobutyl ethanol (4: ), 2-perfluorohexyl ethanol (6: '9g . g 30] T o 3 and 0.001~0.002 ng/mL, respectively. Table 3. Repeatability for FTOHs and FOSEs (n=6) of standards : : - 0
FTOH), 2-perfluorooctyl ethanol (8:2 FTOH) and 2-perfluorodecyl ethanol (10:2 FTOH) were six compounds, which are well separated and 5 0 i} _% g targets across the three spiked concentrations. The four FTOHs achieved a recovery of 62.8 ~ 107.6%,

. . . . 2.5 = I I ~
purchased from Apollo scientific, while two FOSE standards, 2-(N-methylperfluoro-1- sharp peaks using a C18 column and ] g E E zl 2| Repeatability of the method was No | Compound Conc. Area RSD Conc. Area RSD while the two FOSEs achieved a recovery of 98.2 ~ 142.9%.
octanesulfonamido)-ethanol (N-MeFOSE) and 2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol (N- gradient elution program (Table 1). 2.&% N E evaluated at two concentrations, (i) 2 (ng/mL) (%) (ng/mL) (%) _
EtFOSE) were purchased from Wellington Laboratories. Stock standard solutions were prepared Calibration curves of the six compounds were " o ng/mL for FTOHs and 0.04 ng/mL for 1 4:2 FTOH ND 6.7 4. COnCI usions
individually in me_thanol. Th_e Six compounds stqdled were rr_uxed t(_)gether and a callbrgtlon series Constructeq in different goncent.rgt.lon ranges . FOSEs and (ii) 5 ng/mL for FTOHs and 5 6:2 FTOH 6.1 17
was prepared using acetonitrile and water as diluent. A white textile sample was cut into smaller due. tp thelr_dlﬁerence§ in §en5|t|V|ty. FOSEs | I 0.1 ng/mL for FOSEs. The results were ; p— 2.0 - 5.0 i1 A MRM based LC/MS/MS method for quantitation of very less-polar PFCs, i.e., two FOSEs and four
pieces and 1 gram of the sample was weighed into a 50mL polypropylene centrifuge tube. 20mL of exhlblted .hlgh'er sensitivities than .FTOHfs. °s tabulated into Table 3. Good : : : FTOHs in textiles was developed on LCMS-8050. Linear calibration curves were established with MRM
pure methanol was subsequently added. The samples were sonicated for 30 minutes, followed by Linear calibration curves were established in oof e repeatability was obtained for all the 6 4 | 10:2FTOH 4.4 2.6 transition of acetate adduct ion to acetate ion in ESI negative mode. High sensitivity were achieved with
centrifugation at 10,000 rpm for 5 min. The supernatant was filtered using 0.22um Nylon filter. 2 mL ranges of 1~50 ng/mL for FTOHs (except for 50 60 70 80 90 100 110 120 130 140  mn compounds with peak area RSD < 10% 5 NMeFOSE 0.0 3.8 01 2.1 mixed standards, The LOQs and LODs for four FTOHSs are in the range of 0.5~3.7 ng/mL and 0.2 ~ 1.2
of supernatant was blown to dryness under a gentle stream of nitrogen gas. The obtained sample 4:2 FTOH) and 0.02~1 ng/mL for FOSEs, Figure 2: MRM chromatograms of four FTOHs (1 ng/mL at both concentrations. 6 | NEtFOSE ' 42 ' 1.1 ng/mL, respectively. While much lower LOQs and LODs for two FOSEs were obtained at 0.002~0.005
was re-constituted with 1 mL of diluent (A CN : water (50/50)) and analysed on a Shimadzu LCMS- respectively. Excellent linearity was obtained each) and two FOSEs (0.02 ng/mL each) in a mixed ng/mL and 0.001~0.002 ng/mL, respectively. lon suppression due to interferences in textile MeOH
3.3 Matrix effect and recovery of FTOHs and FOSEs in textiles was obtained with 62.8~142.9%. However, further study is needed in sample clean-up method to
Table 1. Analytical conditions of four PFOH and two FOSE on LCMS-8050 with ESI o e g (ot s 2 warars _ _ _ _ _ reduce interferences and ion suppression to achieve high sensitivity of the method.
st D s s o ey A simple extraction procedure of textile ~ Table 4. Matrix effect and recovery of FTOHs and FOSEs spiked
' Zero: Default (Not Forced) DDDM? Zero: Default (Not Forced) :zz Zero: Default (Not Forced) . . . I n Wh Ite teXtI I e Wlth M eO H eXtraCtI O n (n =3)
Shim-Pack GIST C18 2um, (2.1 mm 1.D. x Interface ESI (heated) s 42FTOH ] 6:2 FTOH 1z 8:2 FTOH sample with UItraSOnlcatlon at RT was Referen ces
Column N o : . 5~50ppb 2~50ppb 1~ 50 ppb employed. The matrix effect (M.E.) and No| Compound Conc. (i) Conc. (ii) Conc. (iii)
100 mm L) MS Mode Negative mode o . o recovery (R.E.) of the method of the six P ME | RE | ME | RE | ME | RE 1. Renner, R. PerfluorinatedSources Outside and Inside. Environ. Sci. Technol., 2004, 38(5), 80A
. CID gas Argon, 230 kPa - L s compounds were evaluated at three _ 2. Jun Xiang Lee, Zhe Sun, Jie Xing, Jia Yi Tan and Zhaogi Zhan, A Fast LC/MS/MS Method for High Sensitivity Determination of
Flow 0.3 mL/min 2 2 TR TR R R TE R TR B e M R e e concpentrationS' 1 4:2 FTOH /1.1 11076 | 357 68.7 83.8 68.7 Twenty-Six Perfluorocompounds in Textiles, ASMS poster session, TP 585
Block Temperature 100 °C . . : : SR : -
Mobile A : 5mM Ammonium Acetate in water P ()10 ng/mL for FTOHs and 0.2 ng/mL 2 6:2 FTOH 59.0 | 97.0 | 759 | 62.8 | 70.8 | 67.2 3. ;?choer?&gamkzlr;?a{ti' l:/s\,/i'ngE'frﬁgrg{J;irj(ho%’GJS%IS} |\;|]§ ig?\;‘g'p(;-st'\é'rws:g;’oh 2%-1';3%";‘% 6A°°“fate Analysis of Fluorotelomer
. H (o] y= 2% + ssooes ] 7 363.0925x +330.8358 60065 Jy = 586.3363x -30.38344 ' ' ' '
phase B : Acetonitrile DL Temperature 100°C S AN I A R My Figure 3: MRM for FOSEs, 3 8:2 FTOH 462 | 910 | 701 | 709 | 67.8 | 745 4. Yeong, H. X.; Olivia, S.; Lahey, C. M.; Ting, G. W. E.; Loo, L. C. Fast Screening and Quantitation of PerfluorinatedSources from
Oven Temp |40 °C Interface Temp. 250 °C e e bl et Frce Ot et o i calibration curves of (i)20 ng/mL for FTOHs and 0.4 ng/mL Textiles using Chemical lonization GC-MS. ASMS poster session. 2017, TP295.
Injection vol |20 pL Nebulizing Gas Flow | Nitrogen, 3.0 L/min e - = four FTOHs and two for FOSEs and 4 10:2 FTOH 305 | 1041 451 | 63.0 | 56.2 | 717
’ o 102 FTOH s N-Me FOSE  ° N-Et FOSE FOSEs in pure : : _ L , , : :
Elution B% : 30% (0.0 min) = 95% (15.0 to 18.5 Drying Gas Flow Nitrogen, 3.0 L/min e 1TO0RRE e 20 100wt o solvent oanCMS ()50 ng/mL ppb for FTOHs and 1 > N-MeFOSE >68 | 14291 73.5 | 1069 | 679 | 1105 ?RI’TJCCI)?Inlll?)ilfgrﬁsper?ndgicat;n%ns?i?g?ggggspssm IS poster preseniation are intended for Research Use Gnly
(VI 0 (U. 0 . . P somet 10 | - . .
’ : - o ] ng/mL for FOSEs.
mode mm) = 30% (18-6 to 22 mm) Heating Gas Flow Zero Ail’, 17.0 L/min m:‘mél”‘5'"”1‘0“”1'5““2‘0””2'5””3'0'”'3'5'”'Ab'”'a'slc‘w“;sl'g;;] Mcmbl”'160””25'”360”')@””560””55"'ﬁ""aéo“"sdoléulni?‘?gp; °°°°°“_"‘Aao"”zaa“s.ea"aao““san""saa“;ao""aao""gao';u'nig‘?s‘n; 8050 T?]e resuItS are Shown in Table 4 6 N-EtFOSE 594 135.3 75.0 98.2 70.6 107.7




