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Abstract . Perfluorinated compounds ( PFCs) are persistent organic compounds. PFCs are arti-

ficially prepared hydrocarbons in which hydrogen atoms are completely replaced by fluorine.
PFCs have excellent thermal stability and chemical stability, high surface activity, and hydro-
phobic and/or oleophobic properties owing to their exceptionally strong C-F bonds, low polar-
izability, and weak intermolecular van der Waals interactions. Currently, PFCs and their pre-
cursors are widely used in textile production as finishing agents and surfactants. In recent
years, increasing attention has been devoted to PFCs and their precursors. In many countries
and regions, such as the European Union, Canada, Denmark, and the United States, directives
and regulations have been issued to restrict the use of PFCs and their precursors; the number
of these compounds in such lists is increasing continuously. Studies have shown that PFCs are
hepatotoxic, embryotoxic, reproductive-toxic, neurotoxic, and carcinogenic, and can interfere
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with the endocrine system, change animal instinct behavior, and potentially induce develop-
mental neurotoxicity in humans, especially in young children. However, there are few estab-
lished methods for the simultaneous detection of multiple PFC precursors, necessitating the
same particularly for textiles. In this study, a method was developed for the simultaneous deter-
mination of 11 volatile PFC precursors in textiles using gas chromatography-triple quadrupole
tandem mass spectrometry ( GC-MS/MS). The target compounds included four fluorotelomer
alcohols ( FTOHs ), three fluorotelomer acrylates ( FTAs), two fluorooctane sulfonamides
(FOSAs), and two fluorooctane sulfonamide-ethanols ( FOSEs). Studies have shown that
FTOHs and FTAs are precursors of perfluorocarboxylic acid, and FOSAs are precursors of per-
fluorooctanesulfonic acid. Some PFC precursors are converted into perfluorocarboxylic acid and
perfluoroalkyl sulfonic acid, which threaten human health and ecological security. In this study,
an effective ultrasonic-assisted extraction method for the 11 target compounds was established.
The effects of the extraction solvent, extraction temperature, and extraction time on the
extraction efficiency were investigated. The optimum extraction conditions for the developed
method were carrying out ultrasonic extraction at 70 C for 60 min with methanol as the extrac-
tion solvent. Separation was performed on a VF-WAXms capillary column (30 mx0. 25 mm X
0.25 pm) with temperature programming, following which the target compounds were detected
by GC-MS/MS in the multiple reaction monitoring (MRM) mode and quantified using the exter-
nal standard method. The matrix effects of three textile matrices were also investigated. The
calibration curves of the 11 volatile PFC precursors showed good linearity in the concentration
range of 10-500 pg/L with correlation coefficients not less than 0. 998 4. The limits of detection
were 0. 002-0. 04 mg/kg (S/N=3), and limits of quantification were 0. 006-0. 1 mg/kg (S/N=
10). The recoveries for the 11 analytes in different textile matrix samples at three spiked levels
ranged from 73. 2% to 117. 2% with relative standard deviations (RSDs) of 0. 1% -9.4% (n=6).
Through actual sample analysis, four PFC precursors were detected in the textile product sam-
ples. The method has the advantages of simple pretreatment, accurate qualitative and quantita-
tive analysis, high sensitivity, and good reproducibility. It can be effectively used for the simul-
taneous determination of 11 volatile PFC precursors in textiles. The establishment of this meth-
od has theoretical and practical significance for controlling PFC precursor levels in textiles. This
study offers a new testing method for mitigating risk to safety and controlling textile products. It
also provides a reference for establishing testing standards for PFC precursors in textiles and
other similar consumer goods.

Key words: gas chromatography-tandem mass spectrometry ( GC-MS/MS); perfluorinated
compound precursors; textiles
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Fig. 1 Chemical structures of the 11 perfluorinated compound precursors
4:2FTOH: 1H,1H,2H ,2H-perfluoro-1-hexanol; 6 :2FTOH. 1H,1H ,2H ,2H-perfluoro-1-octanol; 6 :2FTA. 1H,1H,2H ,2H-perfluorooc-
tyl acrylate; 8 :2FTOH. 1H,1H,2H ,2H-perfluoro-1-decanol; 8:2FTA. 1H,1H,2H ,2H-perfluorodecyl acrylate; 10:2FTOH. 1H,1H,2H,
2H-perfluoro-1-dodecanol; 10:2FTA; 1H,1H,2H,2H-perfluorododecyl acrylate; N-Me-FOSA: N-methyl-perfluorooctane sulfonamide;
N-Me-FOSE: N-methyl-perfluorooctane sulfonamide ethanol; N-Et-FOSA: N-ethyl-perfluorooctane sulfonamide; N-Et-FOSE: N-ethyl-

perfluorooctane sulfonamide ethanol.



» FARL A A - = T DB R 4 o
11 4 11 R % P 4 AL S IR - 1243 -

R T B 448 7 =X 5 G b il 43 RE 1 AR A T B
F, B 2R T MRM A5 20 7 I 4 4 A7 7 A A€ i
o IR BUE SRR 1,

F1 U WLEAAWAAMRERE YUE T RAEEE

Table 1 Retention times, monitoring ion pairs, and
collision energies of the 11 perfluorinated
compound precursors

Compound CAS No. rrtlfn palﬁfl\(/[;)/r;) Cfs/
6:2FTA 17527-29-6  7.31  55.0>27.0" ;418.1>99.0  25;42
4 :2FTOH 2043-47-2 8.05 95.0>69.0" ;196.1>127.0 25;18
8:2FTA 27905-45-9 8.87 55.0>27.0" ;518.1>99.0  18;48
6 :2FTOH 647-42-7 9.01  95.0>69.0 ;296.1>127.0 25;35
8 :2FTOH 678-39-7 10.18  95.0>69.0 ;131.0>68.9  28;46
10 :2FTA 17741-60-5 10.76 ~ 55.0>27.0" ;618.0>99.1  20;58
10 :2FTOH 865-86-1 11.35  95.0>69.0 " ;131.0>68.9  30;42

N-Et-FOSA  4151-50-2 15.75 108.0>80.0 "
N-Me-FOSA 31506-32-8 16.23  94.0>30.0 "
N-Me-FOSE 24448-09-7 17.30 526.0>462.0 "
N-Et-FOSE  1691-99-2 17.36 540.0>169.0 *

;131.0>68.9  10;44
;131.0>68.9  22;48
;131.0>68.9 52539
;131.0>68.9 41,39

* Quantitative ion. CEs: collision energies.
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Table 2 Regression equations, correlation coefficients
(r), limits of detection (LODs), and limits of
quantification (LOQs) of the 11 perfluorinat-
ed compound precursors

Regression LOD/ LOQ/

Compound equation (mg/kg) (mg/kg)
6:2FTA Y=1514X-7845 0.9996 0.02 0.06
4:2FTOH Y=632.5X-3116 0.9992 0.01 0.04
8:2FTA Y=1062X-3652 0.9991 0.03 0.01
6 :2FTOH Y=812.3X-4550 0.9991 0.01 0.03
8 :2FTOH Y=740.1X-1409 0.9987 0.002 0.006
10:2FTA Y=833.2X-5348 0.9989 0.04 0.1
10 :2FTOH Y=642X-3177 0.9987 0.002 0.006
N-Et-FOSA  Y=1923X-12060  0.9986 0.004 0.01
N-Me-FOSA  Y=1179X-6168 0.9990 0.002 0.006
N-Me-FOSE  Y=2493X-17390  0.9987 0.003 0.01
N-Et-FOSE ~ Y=1557X-12250  0.9984 0.005 0.02

Y. peak area of the analyte; X. mass concentration, pg/L.
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*3 IWMHRAOHFEARERFRM 1 FHEFELESYITEYNEREREBNRERE (n=6)
Table 3 Recoveries and relative standard deviations of the 11 perfluorinated compound
precursors spiked in the three textile samples (n=6)

Recoveries/% (RSDs/% )

Compound Cotton fabric Synthetic fabric Synthetic leather
0.2 ng 1 pg 8 pg 0.2 png 1 pg 8 pg 0.2 pg 1 ng 8 pg

6:2FTA 85.2 (8.3) 784 (6.3) 713 (54) 99.6 (6.2) 80.7 (6.4) 75.5(6.2) 81.7 (4.5) 75.8 (6.7) 87.3 (9.3)
4 :2FTOH 99.8 (5.2) 99.8 (3.8) 112.6 (8.4) 98.1 (5.6) 96.0 (1.3) 95.2 (2.0) 93.7 (7.4) 90.7 (1.6) 94.4 (6.0)
8:2FTA 114.0 (3.5) 115.2 (1.2) 114.6 (6.4) 108.3 (7.0) 115.3 (9.1) 105.9 (3.2) 73.2 (5.4) 81.5(1.7) 76.0 (5.2)
6:2FTOH  105.2 (3.5) 99.6 (2.5) 103.3 (1.5) 100.7 (1.4) 95.7 (2.4) 932 (1.3) 100.6 (1.7) 117.2 (9.2) 101.0 (2.0)
8 :2FTOH 106.5 (2.1) 94.4 (5.8) 105.4 (3.6) 111.7 (4.3)  90.6 (4.6) 93.5 (2.1) 92.5 (4.4) 954 (4.2) 101.3 (5.0)
10:2FTA 99.7 (3.8) 97.3 (3.7) 102.6 (5.9) 101.8 (3.8) 100.9 (4.1) 101.3 (3.3) 95.6 (2.5) 98.6 (3.0) 98.0 (5.2)
10:2FTOH 1162 (4.0) 963 (6.5) 100.1 (4.0)  99.1 (0.1) 90.8 (5.4) 90.4 (3.5)  78.8 (4.1) 86.5(3.7) 99.3 (5.4)
N-Et-FOSA  92.8 (7.8) 84.7 (6.3) 91.0 (8.7) 953 (7.0) 81.3(5.6) 90.2(3.4) 1059 (8.2) 92.5(7.3) 98.5 (1.0)
N-Me-FOSA 94.5 (7.4) 80.5 (6.3) 87.4 (6.2) 86.6 (9.0) 79.4 (5.9) 91.7 (4.8) 96.4 (7.0) 90.3 (4.7) 101.9 (2.6)
N-Me-FOSE 114.6 (3.3) 102.5 (7.7) 104.8 (7.9) 95.1 (8.5) 93.0 (7.6) 99.6 (8.9) 110.1 (6.3) 94.5(9.2) 100.5 (9.4)
N-Et-FOSE  103.6 (6.5) 102.3 (8.3) 105.9 (9.1) 100.5 (5.5) 97.4 (9.2) 98.7 (8.9) 107.4 (8.7) 97.8 (4.2) 101.8 (5.8)

F4 HAKERT N FHEFLSUHEIHITER (T HEKRE BRYONER)
Table 4 Analytical results of the 11 perfluorinated compound precursors in textile samples ( only samples
with at least one target compound detected are listed)
Contents/ (mg/kg)

Uncoated textile samples Coated textile samples Synthetic leather samples

1* 2* 3* 4% 5% 6" 7* 8* 9* 10* 11* 12% 13*
6:2FTA - - - - - - - - - - - - -
4:2FTOH - - - - - - - - - - - - -
8:2FTA - - - - - - - - - - - - -
6:2FTOH - - 26.3 0.38 - - - 3.63 6.72 3.68 3.81 3.34 2.94
8 :2FTOH 0.24 - - 0.72 0.61 26.2 196 1058 1745 1398 1269 1421 347
10:2FTA - - - - - - - - - - - - -
10:2FTOH - - - 0.34 2.83 100 41.1 327 572 497 405 1837 386
N-Et-FOSA - - - - - - - - - - - - -
N-Me-FOSA - - - - - - - - - - - - -
N-Me-FOSE - 0.02 - - - - - - - - - - -
N-Et-FOSE - - - - - - - - - - - - -

—: not detected.

Compound
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