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Abstract: Per- and polyfluoroalkyl substances (PFAS) are a large class of organic com-

pounds, in which all or part of the hydrogen atoms in the alkyl-chain are replaced by
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fluorine, and many PFAS are used globally in chemicals, leather textile, paper, packa-
ging and other industrial and consumer goods production fields. Many studies have
shown that PFAS possesses hepatic and metabolic toxicity, reproductive and develop-
mental toxicity, immunotoxicity, and so on. Therefore, the use of PFAS in textiles has
been restricted by lots of regulations or standards world widely, such as the Internation-
al Ecological Textile Standard (STANDARD 100 by OEKO-TEX®), the Restricted
Substances List (RSL) of the American Apparel & Footwear Association (AAFA) and
the REACH regulations of EU. However, there is still lack of simultaneous determina-
tion method for various volatile PFAS in relevant standards. In this study, a method of
gas chromatography-mass spectrometry (GC-MS) was developed for the simultaneous
determination of 12 volatile PFAS in infant and child textiles, including four fluorote-
lomer alcohols (FTOHs), three fluorotelomer acrylates (FTAs), three perfluorooctane
sulfonamides (FOSAs) and two perfluorooctane sulfonamidoethanols (FOSEs). The
redissolve solvent was optimized, and the extraction efficiencies for different extraction
solvents, extraction volumes, extraction times, extraction temperature and time were
compared. 20 mL Acetonitrile was selected as extraction solvent, and the sample was
extracted twice by ultrasonic at 60 ‘C for 30 min each time, then the combined superna-
tants were concentrated by rotary evaporation. Finally, the targets were separated by
DB-5MS column and detected at selected ion monitor (SIM) mode, and quantified by
external standard method. The results showed that 4 : 2 FTOH and the other 11
volatile PFAS had good linear relationship in the range of 20-5 000, 10-5 000 pg/L,
respectively, and the correlation coefficients (R?) were not less than 0. 998. The limits
of quantification (LOQs) were 0.03-0.07 mg/kg. The recoveries of 12 PFAS were
71.9%-113. 6% under the two spiked levels (levels at the LOQ and the limit content of
relevant standards), and the relative standard deviations (RSDs) were 1. 2%-12. 8% (n
=6). The method has the advantages of simple pretreatment, accurate qualitative and
quantitative determination, high sensitivity, and good repeatability. The actual samples
were divided into two groups and determined by this method. One group included 53
pieces of textile fabrics with certain waterproofness that were tested daily in the labora-
tory. Some of these textile fabrics have cartoon patterns, which may be used for making
children’s clothing. The other group included 26 pieces of infant and child clothes pur-
chased from online stores. The results showed that the positive rate of volatile PFAS in
textile fabrics was high. FTOHs and FTAs were detected, and their concentrations
were in the range of 0. 08-276. 41 mg/kg. FOSAs were not detected in the samples. The
textile fibers with PFAS detected were mainly polyester. Volatile PFAS were not detec-
ted in the randomly purchased infant and child cloth products, which might be mainly
because they didn’t have waterproofs. The skin exposure model proposed by the Euro-
pean Chemical Agency was used to assess exposure risks. The mixed exposure of vari-
ous PFAS in textiles was calculated by the relative potency factor (RPF), which was
converted into the equivalent of PFOA, and compared with the safety threshold given by
the US Environmental Protection Agency and the European Food Safety Agency. The
results showed that the risk of direct health hazards to infants and children from the

exposure of detected target substances was low. The method has reference value for the
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control of volatile PFAS risk substances in baby textiles.
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Table 1 Chemical information, retention time, qualitative and quantitative ions of 12 volatile PFAS
o %)‘C%ﬁ? 7T ﬁﬁﬁﬁﬂ‘ll‘bﬂ ET&E%F«%?‘ -
No. English Molecular Retention Quantitative and Lon abundance ratio
abbreviation formula time/min qualitative ion (m/z)
1 4+ 2 FTOH CiH; FyO 3.12 95%,69,169,244,263 100 : 80 ¢ 25 25+ 10
2 6: 2 FTOH CsHsFi50 4. 67 95" ,69,65,127,119 100 : 82 : 41 : 29+ 20
3 8: 2 FTOH CioHsF170 7.02 95*,69,65,127,119 100 ¢ 74 : 38+ 24+ 22
4 6:2FTA CiiHFi50; 8. 74 55%,99,69,77 100 16 : 12 : 10
5 10 : 2 FTOH Ci2Hs5F2, 0 9.79 95" ,69,65,131,127 100 ¢ 67 : 33+ 37+ 24
6 8:2FTA CisH7Fi7 02 11. 67 55%,99,69,77 100:15:12:9
7 10: 2 FTA Cis H7For1 Oy 13.59 55%,99,69,77,131 100 : 22+ 18+ 12+ 16
8 N-Me-FOSA CyH,Fi7NO; S 13.59 94" ,69,131,119 1002 27+ 11 : 7
9 N-Et-FOSA CioHgF17NO2 S 13. 87 108* ,80,69,131 100 : 33 : 26 : 18
10 PFOSA CsHFi7NO, S 14. 25 80*,69,131,119 100217+ 11: 8
11 N-Me-FOSE Ci HsFi7NOs S 15. 55 69*,169,131,219,462 100 : 58 : 50 : 18 = 16
12 N-Et-FOSE Ci2Hi0F17NO3 S 15. 88 69*,169,131,540,448 100 ¢ 53 : 53+ 36 : 19
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Fig. 1 Extraction efficiency of different

extraction solvents (n=3)
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Table 2 Linear equations, correlation coefficients,
limits of detection and limits of quantification of 12 volatile PFAS
& LT wﬁfiﬁ £ i BR JE 1 R
Compound Linear equation Correlation LOD/(mg/kg) LOQ/(mg/kg)
coefficient (R?)
4:2 FTOH y=233578. Tx—104617 0.9991 0.02 0.07
6: 2 FTOH y=27256.4x—667. 634 0. 9995 0. 01 0.03
8+ 2 FTOH y=28279. 94— 125452 0. 9990 0.01 0.03
6:2FTA y=15752. 3x+36682. 4 0. 9995 0.01 0.03
10+ 2 FTOH y=12648. 22—8254. 29 0.9992 0.01 0.03
8+ 2 FTA y=236189. 50—61457. 8 0. 9991 0.01 0.03
10: 2 FTA y=19577. 1x— 132657 0. 9990 0.01 0.03
N-Me-FOSE y=28808. 20 —454445 0. 9986 0.01 0.03
N-Et+-FOSE y=41112. 92 —397124 0. 9988 0.01 0.03
PFOSA y=125472—82877. 4 0. 9990 0.01 0.03
N-Me-FOSA y=8226.612x—52979. 7 0. 9985 0.01 0.03
N-Et-FOSA y=1748. 5x—35011. 7 0. 9988 0.01 0.03

R3 IFMMELGARPHFEMI2 MIFEL M PFAS B O R R BX R AR E (n=6)

Table 3 Recoveries and relative standard deviations of 12 volatile PFAS spiked in three material textiles (n=6)

M3 Recovery/ Vo CREX AR #E i 2 RSD/ %)

e E£ Wool ## Cotton %4 Polyester
Compound

0. 03 mg/kg 0.5 mg/kg 0.03 mg/kg 0.5 mg/kg 0. 03 mg/kg 0.5 mg/kg
4+ 2 FTOH 72.3C4.7) 81.1(6.5) 74.209.7) 77.509.3) 78.9(7.8) 82.2(6.2)
6: 2 FTOH 79.4(6.9) 78.2(2.7) 86.5(12. 8) 85.4(4.6) 84.1(4. 4) 79.7(5.7)
8: 2 FTOH 83.4(2.2) 78.0(5. 1) 72.4(1.9) 88.0(5.5) 87.6(3.8) 80. 6(6.6)
6:2FTA 74.4(2.8) 86.0(4.0) 72.6(4.9) 97.6(4.6) 73.9(5.0) 92.8(2.7)
10+ 2 FTOH 93.5(5.2) 81.9(3.2) 74.7C7.7) 84.5(6.4) 99. 0(4.5) 82.0(8.8)
8: 2 FTA 90. 1(3.2) 88.9(3.7) 91.0(3.2) 101. 3(1. 8 91.9(1. 4) 86.9(3.9)
10: 2 FTA 71.9(2.9) 94.0(3.9) 75.1(6.3) 84.0(5.3) 91.4(3.5) 91.6(3.8)
N-Me-FOSE 90. 6(3. 1) 96.3(1.7) 92.5(3. 1) 99.9(3.0) 108. 2(3.0) 92.3(3. D
N-Et-FOSE 93.4(3. 1) 99.3(1.2) 95. 1(4.4) 91.3(4. 4) 99.2(1. 7) 99.6(4.0)
PFOSA 92.5(6.6) 102.9(1. 4) 95.3(3.5) 97.6(2.8) 98.0(2. 6) 94.9(4.8)
N-Me-FOSA 112.8(5.9) 102. 2(4. 1) 113.6(4. 5) 96. 9(5. 8) 111.0(4. 3) 101. 3(2. 4)
N-Et-FOSA 106. 4(3.0) 96.5(4. 6) 105.9(3. 5) 100. 3(3. 5) 108.0(2. 8) 102. 3(4.5)

OEKO-TEX(2022 B0 ZR 24 L7 fh SUR B 1 /9 10 ¢+ 2 FTOH & & fx & . 1% 5
4 FTOHs #1 3 # FTAs BRI GWIA 276,41 mg/kg. ZZUHDRF RS H 5805 & AR T b
AEf S 0.5 mg/kg. SMRILIE R, TA KIS BOAURES I F 5 LA R4 B8 5 SC By

Gy QUi A

K BTGRP 5 W3R 1 26 1F22 56 i

Kot HAR i 5 AR B X TR G, 2 Rt » 0 276 B a8 sl e I 20 A, b Jot 32 22
BONSE 12 RS = BEah IR IZ AR H A i PR IR 27 . X BB A 5 R Kt PFAS H
PN T E SRR B BAR R IR RIS AR AT RE S I L B AL 3K Y IR 2 B A ] A B
AR I AR BY R KRS 2 IR)Z2Y KBTS UIRE . EGT R R R ARG
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Table 4 Analytical results of 12 volatile PFAS in textile samples
o Ff i 7 it Content/(mg/kg)
Compound 14 24 34 12 54 6% T4 8z 9% 10#
4+ 2 FTOH — — — — — — — — —
6: 2 FTOH — 7.90 3.23 3.67 1. 30 6.18 0.08 11. 43 3.50 4.77
§:2 FTOH 27.21 11.93 17.81 74. 66 13.28 0.17 15.40
6:2FTA — — 0.13 — 0.11 — — — —
10+ 2 FTOH — 6. 83 5.00 1. 68 276. 41 1. 95 0. 35 — — 5.83
8:2FTA 37.87 26. 43 35.71 0.21 31. 88 1.02 50. 52
10+ 2 FTA 4.03 19. 39 50. 34 19. 68 0.56 38. 96 0. 80 7.94 8.82 28. 60
N-Me-FOSE — — — — — — — — —
N-Et+-FOSE
PFOSA — — — — — — — — —
N-Me-FOSA — — — — — — — — —
N-Et-FOSA

TE "R AR s AUH) ARG L B 0 R

2.8 FEETM

27 2 {5 E AR A W I B R B R —
Tkl A 4 % 1T ) A 2 R B O B 8 B Bz JER SR
fli 2B &, X PFAS 2 %1744, HaT 2
X AIF 5% 45 B 1 TURN 0 o3 LA B3 I vk R o 3
18 3 B2 K i AR W 90 M R $E R 1 PEAS
B R ARAT 5E B PP B L R U, TEVR AR
ghit ., Bil VR T —Fh PFAS IR & W) 5 5%
PEAG 108 7 i —— A R0 B 7 i, o o 7 2
AW E B S EWHN TR ED
(PFOA) R 1 TR 75 3R 77 488 55 10 IO 17 A X 54
JIHEF(RPF) <1, 8 S B ¥ i i) RPE>1,
BIR AW A G Wi 2 8 5 H O R Y
RPF A3 F A, BT 54 36 R 2R 51465 90 11 6
PR G o R TS Y Y S A G
B E . BETTPEAG PFAS IR &) % 8 XK. {Hi%
FEHRGH T H5AMEMKH 6 : 2 FTOH #1
8: 2 FTOH # RPF, 4341 0. 02 f1 0. 04, A
SO A 4 FRRS B4k A P S X 2 Rl
BIARK K RPF ¥k 0. 04 LU 55 B &y o
PFAS IR £ 2% 85 1 XU

IR 25 25 41 1) 2 BRI AR B T 5 A R I R R
R AR FEY IR S G WA R
72 DL S B R A O R R S . X T
il SR U TR A R R R I s R ) A M A A T

ELR I 2% 75 5 D AR B 9 AN o Bz ok 2% R i
BT . B Ak 2% 54 3R (ECHAD Y 45
o B2 K 2 R R X A ik 2 K 2% R 2% T ) 5T = 1Y
it I 2 8 1 B 1A 3% T 4% 9 4 2 o Al T Y
ST, 0T ol A R U R R R R Y T R LA
T 58 V1 R R] R 25 8 2 5 ) Bz Jok X 5 b 4 It
S5 B 2% B 0L o AS B 58RI (D A B 3
Y4 R PE PEAS 1 F2 ik 58 85 7 1
EXPym = CX DX SA X F,;, X
F s X Fpow X T X N/BW (D
KAV EXP o 78 B2 RN, C FRoR G5 810
AL 2 ) I MR BE L D 3R OR 97 25 1Y 9 BE L SA
FoR B R i R E R FL RN LG W B R )
FE IR B B Foone 22718 B2 IR B2 il 1801 FL A 43
B F oo o ALE D) T NRIB 3B RE T £
N RS 5 20 8 G 5 fl i R) N SRR S 3 4 R
KA F AR BW RoR R E T ]
1, SA I BW #3648 2~3 & B4 )L S50
B, Ho¥s 25 2L m B E o B A % . SA HU(E T
K AT SRR S AR w7 205510 T 1 2 58 1
KRR EAGIHERAARDITE
EXP i - FEfhH PFAS B9IR & 97 4% 18 RPF
B PFOA (24 . 52 Mk Hir 9 & &t i
o TR B Y Bz BRI S R A AR S
IRGRE MY T 3.52X10" pg/kg/d PFOA,
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I T B £ 5 22 42 7y (EFSA) MUE B9 PFOA
H AT 52 48 AR 1.5 X 10° pg/kg/d*" F1 3 [ 31
Bl (US EPA) 44 10 2 % it 3. 33 X
10° pg/kg/d™,

A bR TR A 30 B Y B K 2R R R
SREAR H Hy A R T 1 H AR A 2R 80
B A1) 2 88 PP AL B R AT REY 78 W 2R AL &
(R 0B [R) s 2 P LAl PR 2L n B AR R T X
/B Ai0E A IS NI E ) I B
S5 JT LA H H A TR ik A< ) A ok 0 AE Bt
g KU I8 A R IR ABESE . BL A AT 58
WML A Y R R Ok B EPA BLE BRE
10%  #5E5 A B 2 R0 2 PFAS DL £ 5 (i
JRE B 5 N A AR 1Y R o WA T A
HRY AT RE . PRt B8 25 415 b PFAS {5 1€
— i 1) % E KRS A E R TR )z IR T LA AT X
P b B S 5T 7 1 A

3 it

N R = ARV AR G 1 1 2 B AR L
PFAS By 753 HA R4 00 5 805 ROk % B, ]
J G A TR R M PEAS (1 XU W 42 4k e
AL AT R AR AT T B, E X 2 A3k 79
1 S B A I % B A 5 0 47 4T R PR
LR R PFAS, H& B m . Wk, JrRT
W20 1 2 58 DEAl 20 A o A 0 A it X B B ft B
i 6 B KU 841G {H 38 12 OEKO-TEX %}
L)) L 25 2 B R B AR, G A 2 R XU A
Al 4
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