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Abstract: Per- and polyfluoroalkyl substances (PFASs) are a collective term for various artificial
fluorinated organic compounds. PFASs not only have hydrophilic functional groups and hydrophobic
alkyl side chains, but also have fire resistance, high stability and durability, making them widely used
in various industries. PFASs have the characteristics of high toxicity, persistence, bioaccumulation,
and long-distance migration of persistent organic pollutants. Different types of PFASs have different
harmful effects on biological organisms, and health risks are mostly concentrated in the liver, immune

system, and reproductive system. At present, there are many detection methods reported for PFASs in
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the food and environmental fields, while few methods have been applied for the detection of PFASs
in cosmetics. In this work, a method for rapid detection of PFASs in cosmetics was developed by
QuEChERS (quick, easy, cheap, effective, rugged, and safe) pretreatment coupled with gas
chromatography-quadrupole/time of flight mass spectrometry (GC-Q-TOF MS). Firstly, the
extraction solvents, extraction methods, and purification agents were compared, the dosage of
purification agents was optimized, and the matrix effect was examined. Eight kinds of volatile PFASs,
including two perfluorooctanoic acid esters, four fluoro modified polyacrylates, and two fluoro
modified siloxanes in the samples were extracted with 10 mL ethyl acetate, dehydrated by 1 g
anhydrous sodium sulfate, and purified by 100 mg graphitized carbon black (GCB) and 50 mg silica
gel powder (Si). Target compounds were separated by DB-5SMS capillary column (30 mx0.25 mmX
0.25 pm), and the mass spectrum was acquired under full scan mode of EI ion source with using
external standard method for quantification. The result showed that the work curves of the 8
compounds have good linear relationship, and the correlation coefficient (R”) is greater than 0.997 6
in the range of 5.0-1 000 pg/L. The limits of detection are 20.0 and 200.0 ng/kg, and the limits of
quantification are 50.0 and 500.0 ng/kg. The average recoveries at three levels range from 81.4% to
112%, and the relative standard deviations are 1.09%-7.63% (n=6). In total, 105 cosmetic samples
purchased from Guangzhou supermarkets and online e-commerce were tested using this method,
8:2FTMAc in 2 samples are detected with 668, 1 004 pg/kg, respectively, indicating that cosmetic
samples pose a risk of PFASs contamination, should be taken seriously by regulatory authorities and
consumers. This method is high efficiency, sensitive and accuracy, which can provide important basis
for the rapid detection and quality control of PFASs compounds in cosmetics.

Key words: gas chromatography-quadrupole/time of flight mass spectrometry (GC-Q-TOF MS);
rapid detection; cosmetics; per- and polyfluoroalkyl compounds (PFASs)
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FEFERERE T, FERTEREFHER
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Fifi 35 [ CsH, 0,1 o 2 ol 5 I f S o i 7 ik 125 40 T
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R1 8T PFASs MEMEEBEFER
Table1 Qualitative and quantitative ions of

8 PFASs
ey ERET TETERS T
Compound  Quantitative ion (m/z)  Qualitative ion (m/z)
PFOAMe 130.9939 68.9953, 118.9924
PFOAEt 130.9928 68.9949, 168.9857,
118.9904
6:2FTAc 99.0444 68.9944, 130.9924,
418.0198
8:2FTAc 99.0445 68.9944, 130.9926,
455.9988
8:2FTMAc 68.9944 95.0106, 130.9923,
467.0259
8:2FTTriEtoSi 163.0792 119.0531, 98.9913,
388.9840, 68.9946
10:2FTAc 68.9943 99.0446, 130.9923,
480.9670
10:2FTTriEtoSi 163.0789 119.0532, 98.9909,

488.9779, 68.9947
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BRI N . AR SR B R, 216G
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Fig. 2 Effect of extracted solvents on recoveries of
8 PFASs
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Fig. 3 Recoveries of 8 PFASs cleaned by 6 absorbents
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126%; i Fil AL-N 1 NH2 75 Jy e fb 5 i, 164
Yy 4 181U 243 S AE 12.6%~ 142% ., 9.60%~ 136%
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AR FH i 25 e e K . LA 50 mg Si Al 100 mg
GCB 1E M Ak R4 A sF, #5464 4 0 il 3 L
TR AT, W0k FH AR R o

O 50 mg Si+50 mg GCB
3 50 mg Si+100 mg GCB
M 100 mg Si+100 mg GCB
140 m 100 mg Si+50

100 |
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60 |

20 HE
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Fig. 4 Effect of dosage of GCB and Si on recovery of
8 PFASs
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Ph 1 g T FE ML, BN 8 4 500 pg/kg PFASS,
2 S T HE L R R I B IR K ST IR 3 2 K
3 PRI, 25 AR TR 5. AT I, SR AT
T B EC . HE 7 kB ORI E R, Sk A
B [T 25351 83.6%~96.3% ., 79.6%~93.2%Fl
89.5%~102%. 3 My 23915 3] T B b7y |
WSRO, e i 25 ST 42 Ak 6 0 1) [l AC 8, AR S 06
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Fig. 5 Effect of extracted methods on recovery of
8 PFASs

PERT 2, #2 1.2 735 2510 a2 , 15 31 35 5 th e Fn i
F 2 o R B BTl Ze AR Ky FDE ) it 2k R R
ke fOA K=(l/ly—1) x 100%3E 473540, 15 H JE 5 &k
N KAH . VL KAAAE BB ZA8 5, 457 KAE-10%~
10%:2 0], 2% B o 300 AN B I s K<<—10%, 2 30
AR AN R0 5 K> 10%, 5 PRASR A 50 8500 o
4 Fp bt s B, 8 Fh AR G IR K (5 F
2. BR 8:2FTMAc 7543 I AL it v 52 B Aok (1) 417
T80 A1, H At Ak 4 15 2 A i 1 3 R AR
AR S SR FH 25 1 Akt it 25 5 4 B 1 o) A o it
2R, AT IR B R B RO 1 H Y
2 87 PFASs FAE RN
Table 2 Matrix effects of 8 PFASs

K18 K value/%

[lazy -

Compound & T FH IR FEkoK
Lipstick Cream Liquid foundation Toner

PFOAMe 61.1 139.2 49.3 40.3

PFOAEt 57.7 146.9 118.2 29.9
6:2FTAc 179.7 2074 119.8 111.2
8:2FTAc 187  203.7 235.6 232.9

8:2FTMAc 1734  200.1 -39.0 67.2

8:2FTTriEtoSi 102.3  256.5 59.9 44.1
10:2FTAc 2348 1733 200.1 173.4

10:2FTTriEtoSi 188.2  181.9 38.8 60.9

27 FERBE RKRRSEREE

e B A IS 1 10 Ak P 4% 14 Ak B 25 1 bt b
SEIT, A5 B AH N LT A 23 (BT . S
Jo YT B AR o L R 12 AT
Hr, 8 Fi PFASs 1Y 42 JC 25 ¥ Ui €2 3% ¥ 7R T4 6.
PASE S B - 0 TR p R AR R x IR AT 4 Il
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Fig. 6 Extracted ions chromatogram of
8 kinds of PFASs

14, 8 Fit PFASs A% 2 it 28 E Jr #2 AT AR 5¢ R 503 1
F3. A0, 8L AR NS HIREE R
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R B 3 K, 5E 6 41475056, 45 391 T
F 4, Al UL, 8 Ff PFASs (1 ML F A+ T 81.4%~
112%Z 8], A5 X F5 1 i 224 1.09%~7.63%, [E
RS % B 36 2 GB/T 27404—2008 %5k
¢ 3 5 A1 10 %5 W 3155, PFOAMe, PFOAEL,
8:2FTTriEtoSi 1 10:2FTTriEtoSi Ay H BR Al & &
FR 43 51 A 20.0 F11 50.0 pg/kg, 6:2FTAc, 8:2FTAc,
8:2FTMAc 1 10:2FTAc 4 6 Hi B A5 1 BR 43 1]
“} 200.0 £ 500.0 pg/kg.
2.8 LEREMUE

SR 1.2 5 5 X B ) T R R R R 4%
T 14105 4 Akt R tE AT I o A 2 AN
H i 8:2 FTMAG, Mk 53301 4 668, 1 004 ng/kg,
e WA ot 5 FE B EL AT PFASSs 15 42 i KU, I 24
SRR S SR R E A
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Table 3 Matrix regression equation, correlation coefficient and retention time of 8 compounds

19511 EY LT LIS i 15 5 s )
Matrix Compound Matrix regression equation Correlation coefficient (R°) Retention time/min
B PFOAMe »=3003.28x+23619.2 0.9989 2.449
g y=3236.11x+15231.5 0.9991
K =2896.68x+24331.2 0.9993
FEkoK y=3541.20x+10211.1 0.9988
B PFOAEt y=2257.34x—25558.2 0.9991 2.946
T y=2436.87x—23224.6 0.9979
K y=2098.43x—26546.8 0.9983
FEkoK y=2654.33x-12435.3 0.9996
B 6:2FTAc y=1941.81x-22123.6 0.9976 4.977
T y=1979.36x—24553.2 0.9994
K y=1775.65x—26554.2 0.9992
FEkoK y=2344.21x-18667.1 0.9985
B 8:2FTAc y=782.925x—22733.5 0.9996 5.862
g y=811.654x—21886.3 0.9979
K y=708.337x—24533.1 0.9995
FEkoK y=856.118x-16557.3 0.9997
B 8:2FTMAc y=2074.82x—45083.6 0.9988 6.462
T y=2236.65x—34551.3 0.9993
K y=1879.33x—48776.0 0.9994
JEkK y=2365.87x—28976.1 0.9999




688 Bt i M W5k
T EY LA A REL LR A R]
Matrix Compound Matrix regression equation Correlation coefficient (R%) Retention time/min
=254 8:2FTTriEtoSi y=1306.12x—37580.3 0.9993 6.582
[GE 1=1433.65x-35441.3 0.9980
IR y=1189.58x—38976.2 0.9990
E/7 y=1766.81x—19897.2 0.9991
=251 10:2FTAc v=902.772x—-33267.3 0.9979 6.633
[E 3=1008.79x—26754.8 0.9996
IR y=872.431x—16553.2 0.9994
E/7S y=1442.18x—26879.0 0.9983
=254 10:2FTTriEtoSi y=4715.12x—14235.1 0.9999 7.251
[GE 3=5117.98x-8993.21 0.9995
IS y=4115.22x-18776.2 0.9991
oK =5989.48x—8886.12 0.9986
x4 STUSYHINREKERREZE
Table 4 Recoveries and precisions of 8 compounds
E 9 ey Jnbr SE Il AEXT s Dt 25 e i B FE R
Matrix Compound Spiked/(ng/kg) Average recovery/% RSD/% LOD/(ng/kg) LOQ/(ng/kg)
=257 PFOAMe 50.0, 100, 500 102, 106, 104 5.10,3.34, 2.07 20.0 50.0
PFOAEt 50.0, 100, 500 105, 104, 103 7.63,4.53,3.29 20.0 50.0
6:2FTAc 500, 1000, 5000 105, 106, 106 2.13,2.64,2.87 200.0 500.0
8:2FTAc 500, 1000, 5000 85.9, 84.6, 83.9 2.80,3.51, 1.78 200.0 500.0
8:2FTMAc 500, 1000, 5000 104, 103, 106 3.37,1.88,2.34 200.0 500.0
8:2FTTriEtoSi 50.0, 100, 500 103, 101, 103 3.80,4.48,2.12 20.0 50.0
10:2FTAc 500, 1000, 5000 106, 103, 105 2.80, 2.46, 2.53 200.0 500.0
10:2FTTriEtoSi 50.0, 100, 500 101, 103, 101 6.35,5.31,2.48 20.0 50.0
[F] PFOAMe 50.0, 100 500 93.8,95.4,92.9 4.54,4.07,4.92 20.0 50.0
PFOAEt 50.0, 100, 500 94.9,90.4, 95.8 5.06, 5.70, 3.07 20.0 50.0
6:2FTAc 500, 1000, 5000 92.2,93.5,93.0 3.26,5.46,2.42 200.0 500.0
8:2FTAc 500, 1000, 5000 93.3,89.9,91.3 4.74,3.54,3.35 200.0 500.0
8:2FTMAc 500, 1000, 5000 83.8,81.4,81.6 1.95,1.69,3.97 200.0 500.0
8:2FTTriEtoSi 50.0, 100, 500 90.2, 89.4, 90.7 2.48,4.51,2.12 20.0 50.0
10:2FTAc 500, 1000, 5000 92.0, 89.4, 90.7 3.65,2.57,2.62 200.0 500.0
10:2FTTriEtoSi 50.0, 100, 500 92.0, 90.0, 88.6 3.68, 3.66, 2.68 20.0 50.0
K PFOAMe 50.0, 100, 500 90.2, 90.1, 92.5 5.02,4.17,3.08 20.0 50.0
PFOAEt 50.0, 100, 500 98.2,99.3, 102 7.53,6.00, 2.83 20.0 50.0
6:2FTAc 500, 1000, 5000 90.3, 89.0, 92.1 4.25,4.04,3.87 200.0 500.0
8:2FTAc 500, 1000, 5000 104, 106, 104 3.27,4.18,2.09 200.0 500.0
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