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Determination of 11 Perfluorinated Compounds in Children s Textiles by High

Performance Liquid Chromatography—Tandem Mass Spectrometry
Zhang Hui, Ma Hong—qing
(Shanghai Institute of quality Inspection and Technical Research CO.,LTD. Shanghai 201114, China)

Abstract: To achieve this analytical objective, an advanced analytical technique involving high—performance liquid
chromatography—tandem mass spectrometry (HPLC-MS/MS) was developed in the current study. This method enables the
precise quantification of 11 perfluorinated compounds present in children’s textiles. To implement the analysis, the samples
underwent a series of preparatory steps: ulirasonic extraction was applied to them, followed by centrifugation, and then
purification through a column before instrumental detection. The target analytes were separated on a Proshell 120 EC C18
column, scanned in negative ion mode using multiple reaction monitoring (MRM) , and quantified by the external standard
method. The analytical method demonstrated excellent linear relationships for the 11 perfluorinated compounds within the
concentration interval of 5-100 wg/L. The minimum detectable limits (LOD ) were measured between 0.000 1 and 0.001 5
mg/kg, while the minimum quantifiable limits (LOQ) spanned from 0.000 3 to 0.005 0 mg/kg. Additionally, the recovery
rates for these compounds fell within the range of 82.0%—98.2%, with corresponding relative standard deviations (RSD) of
0.5%-4.2%. This approach is characterized by strong reproducibility and high sensitivity, allowing for the concurrent
quantification of 11 perfluorinated compounds in children’s textiles, thereby demonstrating outstanding practical value.
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Tab.1 MS parameters

i et Wi TEENUREERE (V) F R 2/ ) 2RERREREY WY
1 29 T TR (PFBA) 212.9 168.9 8 96.8 8 63
2 ZFRILTR (PFPA) 262.88 219 6 68.8 46 65
3 AHUThEREER (PFBS) 298.9 79.9 36 98.9 32 138
4 LG C R (PFHXA) 313 119 16 268.8 4 65
5 S5 BER (PFHpA) 362.9 168.9 16 1189 20 81
6 A LEE R (PFHXS) 398.8 80 44 99 36 150
7 A HFIR (PFOA) 412.9 169.1 16 219 12 83
8 TR HHEEH R (PFHpS) 448.8 79.9 52 99 40 150
9 AFELEER (PFOS) 498.8 79.9 52 99 44 150
10 AR TR (PFNA) 462.9 219 16 169 16 83
11 SIS (PFDA) 512.9 218.9 16 268.9 16 96

1.2.3  HijbFE Tk

VEMCEL A R R RS W H B DI R 2 5 2
KLy /N B S TR IR A Y 5] . HERFRE [ id
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FE A LY 7 (2 Fn ) 1 Sk 37 Sl AH 1) 2% 1 ik
1T RGEMNES L. R R ER, R
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WP B, oS kB T 73%. FEXT& 50 il
Wi )57 4R K 5 5 B AT 25 5 VPN IS L i LA R B



20 MR TI BRI

2026,35(3)

5 5 mmol/L ZFRE WA A AN, 11 Rl fL &
Prety S I LA 1

PFOS/PFNA

PFHpS/PFOA

PFHpA/PFHxS

PFDA
f T T T T T T

0O 1 2 3 4 5 6 ; ééll()lllll21|31|41|51l6
4 B[] /min
1 REAI0 ny/LBItRAESE R TICE,
Fig. 1 Total ion chromatogram of PFAS standards(10 wg/L)
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Tab.2 Effects of extraction solvents on extraction efficiency

PR 1%
JPe AR
HEE CNif Wl Bk RO

1 PFBA 101 100 100 10 50
2 PFPA 102 101 87 5 30
3 PFBS 98 100 67 2 35
4 PFHxA 100 82 89 3 18
5 PFHpA 103 96 87 17 14
6 PFHxS 85 65 67 10 25
7 PFOA 100 67 35 15 5

8 PFHpS 99 86 86 20 30
9 PFOS 96 100 89 5 30
10 PFNA 103 100 100 11 10
11 PFDA 102 88 102 15 12

i1 60°C, Arllik#E T 30°C .40°C . 50°CHI60°CIiX JLA
PO R EN I g8 T 1R A Y
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g B 2 3 K T PFHXS . PROA DL & PFOS ) $2 B
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Py Joit 2 BOS0% B IiR B AR AL B e A 28  R S 4
P AR S 86 B 0 1 60°C oMy die i B YR BURE
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ST E F HLAE 60 min A E] T4 A
M SR AP IBOBCRAE . BRI, S 4R BT (]38 4 60 min
J& , PFBA . PFOA Fl1 PFHxS [ $& BUR R AN 5L PR 3 55
1y TR T 53 A0 JLAME G H  H BRUSCR I JEA
AR B R . LA AU B R S B [T FE , 1%
S B 4 5 60 min KR L B R ERAT K
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1 H HLB Fl1 WAX 33 79 5 DL 114 1 A6 26 B/
FE L IEXTEATTE AR S0 N R BT TR AR
o, DLW E A FRAR AR SR AR B 7 28 . SR ER R
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WAX /N, 8K J5 1 i B8 I AE i DL 4 mL/min 3 3
FE, 6 mL 457K F1 8 mL 50 mmol/L 2. B2 B /K T
Wk o g S5 R L A S Al BT e A A HBCRE
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WAEATVE o Bl K DE R AR 7E 25 mL 25008
WLk ARG ks 2E T, AR EER R
1 mL J5 FH TR £33 — R R B3 A 4G 437 o

RIS ANZE 3 FR , WAX ZEHURE7E H by
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HLB A A AE UK . WAX A H0H: 3 2R 5 3 728
8 F 5% ACRH E AR FH S 80X 4 Ak 5 40 198 i 2 Bf
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Tab.3 Recoveries of two SPE columns

e BIBCR%(WAX ) [ 5 /% (HLB 1)
PFBA 80 61
PFPA 82 71
PFBS 89 65

PFHxA 87 72

PFHpA 92 67
PFHxS 96 62
PFOA 92 80
PFHpS 90 75
PFOS 97 60
PFNA 90 79
PFDA 92 81

2.5 ZMEHEMKHR

il & e B R 5 /L. 10 pe/L. 20 e/l 50 wg/L
F1100 pg/L B4R HE T AR W, M40 15 MR H (S/NV) =3
A B (50 L (S/N) =10 315 8 R . 1B %
i on (2 4) 16 5~100 wg/L ¥ FE X B N, 11 Fh 4
FAL G IR R AR MR, LA OC R (R
Bkt 0.995, [FIWF, 2007 2 A9 K H FR 4L 5 0.000 1
~0.001 5 mg/kg 1470 F , 7 5 BRI 2 0.000 3~0.005
0 mg/kg, XL bR R E Z A 7 vk B AR S
R, et R R T T oK
2.6 1BEEZEME KRS

Shy S R ARG Ty % B AT SR X8 B R R AT

®4 2RLEMEMFEKRHRMESR

Tab.4 Linear equation, limit of detection and limit of quantitation of perfluorinated compounds

waw PRI R R ZR L (r) Kt BR/ (mg-kg™) R/ (mg-kg™)
PFBA y=3353.1x-3 974.1 0.996 7 0.001 5 0.0050
PFPA y=2 594.6x—1 546.8 0.999 8 0.000 1 0.000 3
PFBS y=1039.2x-3 106.8 0.998 9 0.001 1 0.003 8
PFHxA y=3240.1x—4 919.1 0.998 1 0.000 8 0.002 8
PFHpA ¥=816.27x+703.68 0.999 7 0.000 2 0.000 7
PFHxS y=1771x-893 0.999 6 0.000 5 0.001 7
PFOA y=1007.9x+3 825.8 0.998 3 0.000 2 0.000 6
PFHpS y=1267x+515.48 0.999 8 0.000 2 0.000 5
PFOS y=1544.7x-116.3 0.999 5 0.000 1 0.000 3
PFNA y=623.89x+2 315.3 0.998 8 0.000 1 0.000 3
PFDA ¥=3 536.8x+200 0.999 5 0.000 2 0.000 6
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D21 7y G 1 s s e SO S 1 = Sy | e e N
WV 1 4 AL B P AR HE TR T, MR K AR R
0.01 mg/kg.0.05 mg/kg. 0.1 mg/kg, 45>k JiE A 5 S
FFMGE 7R WNEE 5 FoR, 11 Rl 2 540 A 9 i Tl )i
FI A 82.09%~98.2% , FH X A E i 22 7E 0.5% ~
4.2% 2 [a] .
F=5 ANEMERKEF EREWEMERE

Tab.5 Recoveries and precision of the method at different spik-

ing levels

&Y W/ (mg/kg) [F1 R /9%
PFBA  0.01 0.05 0.1]84.0 89.2 96.8|3.4 2.6 1.3

RSDI%

PFPA  0.01 0.05 0.1|84.6 8.2 96.6 (42 2.6 1.2
PFBS 0.01 0.05 0.1]82.6 89.2 952|2.8 2.0 0.5
PFHxA 0.01 0.05 0.1[82.8 924 96.6|13 1.8 0.6
PFHpA 0.01 0.05 0.1]83.6 91.2 97.6 |23 2.0 0.6
PFHxS 0.01 0.05 0.1]82.0 924 94624 1.0 0.6
PFOA  0.01 0.05 0.1]852 91.2 96.6(29 2.0 0.9
PFHpS 0.01 0.05 0.1]86.0 91.2 972|133 1.2 05
PFOS 0.01 0.05 0.1]83.8 920 95.0(3.0 1.5 0.7
PFNA 0.01 0.05 0.1]83.2 91.2 982|1.6 2.0 0.5
PFDA  0.01 0.05 0.1]854 932 98.0|34 19 0.7

2.7 BERHI

R AT 1.2.3 B RN 7 3, %R 4R B Y
20 {74 b BOL B T JR T 2 AL 9
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— LRI, JLH NG U A TE—E B R A2 AL
BTG R ERE, — 2 R T A RIB BB KR
ST RCRE AR, SR G W AR T Ak 5
ST it 18 RIS M 00 3

R6 BARGNEE

Tab.6 Analytical data of samples

FEA G K th s HeJE/(mg/kg)
FEACS PFHxA 0.012
kA 10 PFHxA 0.010
3 %

SR H v 0B €3 — ER BB IR B, XL

Y78 & I 1 Fh AL S TR TR 2
RUUES TR e U e S N O S R DO P R R
AL S Py EA T G I I T 5 1) (3 BV R S H BE o)
v 25 LA B 36T RH 26 BORE #9 BRSS9 . 1207k
AN it e v R B 5 5 A ek o A L [R] e R
F AR ARG H BRAEL, I HAESE PR B BE 52 B R 4
IR Tl A 250 5 0 R 8 o ARG T ek RS ST
AU LE 95800 T a2 A a W i o e it 1
AR BOR AR, R Ay B TR R e L #E I 25
Ui P I SIS e 19 e AR B S e 2 2 8, A
5 A AR SCAI T 4R HE R A R0 AR A6 B 5 R AL
R B BB R BOE AR 2 A S kil B
o R ABURE B L B, SR TZ T EEATY SR A AEFE M LA
75 BT AR BEACRAR A PR . AR Z T U AR Y
F1% WRZ A A ok i 1 e A 45 0 O RS 2803 I ] R
AT A B A DL ARAG I AR

(1] ZEIEWS . 30k A P T Yo iR B A 25 s P 55 0F J2 (1.
YR T, 2024,10(06) : 254-256

[2] 22 e Je0g XM, 45 . 2 RUL & WY fEE RGBT
MRS ,2022,38(04) :5-8

[3] 7 30, R BRI, 45 B EE AT & Y5 e
FONTE R £ R U PEAS A 78 0 R (T, b 5 Il = 2
2025,42(01):30-37.

[4] T3 2% akiEkE AR, 25 . SO (i - = 5 DUARCFT o ik
[ RS0 52 25 280 v 11 D R P e UL S W BT A1),
##,2021,39(11) :1239-1246

[5] VTt 4 e, S EHAE % LAY AR TR SR
I G IR K R e (KR ()], BB T AR A ek, 2025, 15
(07):569-579

[6] 7+ i3k, b m iy, W 52 o 45 . IR B IR B P R
A6 i e A e XUBS PEAL (D], 1 TRy 1S %, 2025, 37
(07):556-561.

(7] RE4ETT, BERAUR , W5 A 58, % . 25 [E EPA X T PFASIR G
A 350 g e B XU DA AF 9 328 R (D). A TR TR, 2025,
33(05):97-105.

[8] BHUbH , B2 4k, XA, 45 . PFCs W48 & J 5 B kil Jy 12
BT E LK, 2024, (11) :68-73.

(9] i o, 2R, B/INIR A5 L /K - 3RS b SO R A 4 i
B P is Y Btk IR SEA Tl B B M 0y A 5 3 e (D). A5
V5Y 76 ,2025,47(06) :20-28.

[10] RTEAR AT SO, T30, 55 L A 0R 22 9ot L0 I 7 4



2026,35(3) KR A5« [BAR AR BORE S RO G - BRI B i L FH 25 4L 11 M s e & 23

BREEW AR N I 53 AR FRAE AN YR IR IR ST kR (1], AR
FE224R,2025,20(05) :22-38.

[11] T &, sk BEG , TREVE, 5. Biis Je ). fhezik e,
2024,36(11):1607-1784.

[12] 75 SCF, TR, R, 2 KA rha A Rl 4 5 &

SR LA B W o BT R 9 B i AL R R AR, AT
Mk, 2025,44(04) : 598-611.

[13] PNV R . S T i ORAR € 135% — B B e 0 JE B HoR 1Y
R BACE W AT i SO R A ). A2 5T
5, 2025,37(06) : 1551-1562.

R R S R SR R R S S SR R S SR s SR SR SR SR D SR SR SR SR D SR SR SR SR D SR SR SR SR SR S SR SR SR SR SN SR SR SR SR SR SR SR SR SR SR SN SR SRR SR D

(E#EFH1R)
e ZEL 2.139 3 AR IEAS € BE 0.000 2) o A AR
J& u,,, M 0.26 wg/mL (100 wg/mL) fl 1.75 wg/mL
(500 pg/mL) .
242 HAPESREEATE

5T PN A2 BE < RO DA T s 25 3103, w, =5,/
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