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HEEWH: EEHE AL HQ018YFC1602300), %7 1 # A HF & %5 H(2022ZDZP015)
Fund: Supported by the National Natural Key Research and Development Program of China (2018YFC1602300), and the the Key Research and
Development Program of Jining (2022ZDZP015)
HEEEE: A—, ML, TR, ERRISr N e AR . E-mail: sfdazyr@163.com
TS, 1L, #Bb2, WA S0, EEWR R E ML A S FREER . E-mail: mlwang@sdau.edu.cn

*Corresponding author: ZHOU Yi-Ran, Ph.D, Senior Engineer, Jining Institute for Food and Drug Control, No.16, Haichuan Road, High-tech
District, Jining 272025, China. E-mail: sfdazyr@163.com

WANG Ming-Lin, Ph.D, Professor, College of Food Science and Technology, Shandong Agricultural University, Tai’an
271018, China. E-mail: mlwang@sdau.edu.cn



LERE U FIFHE, % Sin-QuEChERS HHEHARZE SR (3 - R IR BOE A A MBS 13 Fh 2 e SR 91

chromatography-tandem mass spectrometry (LC-MS/MS). Methods Targets were extracted by acetonitrile added
with 0.5% formic acid, following salting out and dehydration by anhydrous MgSO, and NaCl, then a Sin-QuEChERS
purification column filling with 100 mg primary secondary amine (PSA), 80 mg Cg, 50 mg graphitized carbon black
(GCB), 50 mg multi-wall carbon nanotubes (MWCNTs) and 800 mg anhydrous MgSO, was employed to remove the
interferent substances, and analyzed by LC-MS/MS after concentrated and redissolved at last, while isotope internal
standards were used for auxiliary quantitative analysis. Results The linear equation correlation coefficients of 13 kinds
of substances were all greater than or equal to 0.997, while the limits of detection and the limits of quantitation were
in the range of 0.004—0.008 pg/kg and 0.009-0.023 pg/kg, respectively. The recoveries for various kinds of vegetable
matrix were in the range of 75.4%-104.1% and the relative standard deviations were no more than 8.1%, meeting the
requirement of trace analysis. Matrix effect evaluation showed that the substances were slightly affected, reflecting
satisfactory purification process of this method. Compared with other methods, the time of purification process had
been decreased by more than half in this method, leading to significant improvement of pretreatment efficiency.
Conclusion Compared with existing analytical methods, this method has advantages of simple operation, time
consuming, excellent repeatability and accuracy, and strong matrix applicability, which is suitable for the efficient
analysis of PFAAs in greenhouse vegetables with large scale, and has certain practical significance.
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Table 1 Analysis parameters of the targets for MRM
Sy BT R EERENV FE R X (m/z) Tl 1 R/ V FEME B TR (m/2) Till 2 B =/ V puEEd A
PFBA 20 213/169 10 / / 3C,-PFBA
PFPeA 15 263/219 10 / / 3C,-PFBA
PFHXA 15 313/269 10 313/169 20 13C,-PFHxA
PFHpA 25 363/319 10 363/169 20 13C,-PFHXA
PFOA 25 413/369 11 413/169 18 3C,-PFOA
PFNA 25 463/419 12 463/219 18 3C,-PFNA
PFOS 60 499/80 35 499/99 35 3C,-PFOS
PFDA 25 513/469 12 513/219 18 13C,-PFDA
PFUJA 25 563/519 15 563/219 20 13C,-PFUdA
PFDoA 25 613/569 15 613/169 30 13C,-PFDoA
PFTrDA 25 663/619 15 663/169 30 13C,-PFDoA
PFTeDA 25 713/669 15 713/169 25 13C,-PFDoA
PFHxDA 30 813/769 15 813/169 32 13C,-PFDoA
13C,-PFBA 20 217/172 10 / / /
13C,-PFHXA 20 315/270 10 / / /
BC4-PFOA 25 417/372 15 / / /
BC,-PFNA 25 468/423 15 / / /
3¢,-PFOS 60 503/80 40 / / /
3C,-PFDA 25 515/470 15 / / /
3C,-PFUdA 55 565/520 15 / / /
3C,-PFDoA 25 615/570 15 / / /
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Fig.3 Effects of formic acid dosage level on the recovery ratios for
PFAAs (c=0.5 pg/kg, n=3)
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Table 2 Linear equations and ranges, coefficient correlations,
limits of detection and limits of quantitation of all target
compounds

AR, e g KR e R

IH bR
F lng/mL) lng/ke) fuglke)

PFBA  Y=93552.46X 0.05~5.00  0.998 0.008  0.020
PFPeA Y=29486.76X 0.05~5.00  0.997 0.006  0.017
PFHxXA Y=46477.35X 0.05~5.00  0.999 0.006  0.016
PFHpA Y=45385.37X 0.05~5.00  0.998 0.004  0.009
PFOA  Y=89397.77X 0.05~5.00  0.999 0.004  0.010
PFNA  Y=19558.78X 0.05~5.00  0.997 0.005  0.015
PFDA  Y=24541.23X 0.05~5.00  0.999 0.005 0.014
PFUdA Y=26350.11X 0.05~5.00  0.999 0.006  0.019
PFDoA Y=45223.56X 0.05~5.00  0.997 0.006  0.018
PFTrDA Y=16767.93X 0.05~5.00  0.998 0.005  0.016
PFTeDA Y=49338.16X 0.05~5.00  0.999 0.007  0.020
PFHxDA Y=34395.64X 0.05~5.00  0.997 0.008  0.023
PFOS  Y=23836.54X 0.05~5.00  0.999 0.005  0.016
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PR S H R AHSEHIE SANTE/11945/2015 ZR, R "3
3AEAE I L (SIN)TEFI 1O A5 8 LU I8 17 45 BT A 1 B S LR ME i VAT [T (R AR o B 22 )/ %
FIERBE, 43 WH7E 0.004~0.008 pg/kg 1 0.009~0.023 pg/kg - © 0.1ugkg 05pghkg 2.5 pglkg
JEFEA, YR AR EER o AT 5 RS R 1,00 94.6(2.0) 102.5(1.4) 1033 (1.3)
BREE, WN3% 3 FR. VAR BT RS O 5 o v A 2 vk B s L 1.03 97.7(1.6) 103.4(2.7) 104.1(1.2)
[ENBCRAE 75.4%~104.1% X [a], FEXTARAEDN 22 55N 8.1%, PEDA A3 097  96.5(5.8) 103.1(2.3) 102.6(1.5)
T T ] PR MR v B AR s T 093  94.4(5.2) 100.8(2.5) 101.3 (2.4)
FM 093 95.6(2.6) 102.1(2.5) 101.4(3.1)
# 3 PFAAs EARIERPHERYIFNE, ZIREFMER X 1.01  973(4.6) 101.5(1.7) 103.4(1.3)
Bl ARSI (i (n=6) WA 100 952(6.5)  99.7(2.9) 101.6(3.2)
Table 3 Evaluated matrix effects and average recoveries, relative
standard deviations at different spiked levels for different matrices of LN 112 97.1(3.3) 1006 (1.6) 103.2(1.5)
PFAAs (n=6) PFUA AR 098 96.8(54)  98.5(2.1) 101.4(1.4)
S SR ME (i TR RN X AR G 22 )/ % AT 103 95.6(3.4)  993(3.7) 1024 (2.7)
0.1 pgkg  0.5ugkg 2.5 pgkg T 098 97.3(5.6) 100.5(3.8) 101.3 (3.0)
W 100 855(3.5)  912(12)  941(14) 3% 095 954(6.5)  99.5(4.0) 100.8 (2.8)
ﬁ 095 814G4 89829  934(08) WAl 1.00 95.6(3.8) 102.1(1.5) 101.5(0.6)
A 091 785(6.1)  844(4.1)  90.7(1.5)
PFBA . WK 096 943(43) 101.4(2.6) 99.8(1.8)
MiF 086 802(1.6) 854(2.1)  88.6(0.8)
Fh 082 775(3.2)  833(2.0)  86.2(0.8) PFDOA f* 100967 (1.1) 1028 (1.1) 1015 (1.4)
3 093 826(54)  867(51)  91.1(2.5) MF 104 95.8(4.5) 1003 (2.6) 102.1 (2.2)
R 1.00  82.6(1.6) 88.5(2.5)  92.3(2.8) WA 095 946(53)  99.5(1.4)  99.7(0.8)
BN 1.09  84.8(43) 90.6(1.4)  98.7(0.9) | 1.03  96.8(4.5) 102.4(2.3) 102.1(1.4)
PEpes DX 104 86925 91536 94422 WAL 100 92.1(54)  99.6(2.4) 101.5(1.5)
iF 098 802(6.7) 87.7(24)  91.8(0.8) n
Ei 092 754(.0) 847022 89.5(LS) ,\ 1.06  93.8(3.2) 99.8(3.0) 102.3(2.1)
097 81681 87467 91.5(39) PFTpA R 108 945(49) 1016(.1) 998(08)
R 1.00  842(5.0)  90.1(3.5) 93.4(0.7) ¥ 1.13 957(1.7) 1022 (2.2) 101.3(1.6)
N 096  855(4.6)  90.5(3.3)  92.7(1.7) T 098 93.1(2.0) 100.5(1.5) 100.7 (0.6)
PEEXA ’i% 1.06  86.6(5.0) 91.4(24) 958(2.4) B3 102 91732 98421 101221
T 095 833(22) 885(3.6) 92.6(1.3) e
i 086 806050 WD 88326) WA 1.00  953(2.8) 101.4(1.6) 100.8 (1.8)
EE 115 g% 80805 964 (14) R 096 942(5.6) 100.5(4.3) 101.1 (2.5)
w0 1.00 88.7(L.7)  96.2(2.2) 100.4(0.8) PFTeDA %% 091 93.6(42) 988(3) 1013(16)
WK 1.05  86.5(6.4) 943 (4.3) 101.6(3.9) A 102 947(58) 1016(28) 1028(12)
096 892(75)  93.6(43)  99.2(3.5) Fii 092 938(45)  99.4(4.0) 101.7(1.5)
PFHpA BT 085 90.5(48) 927(G.1)  969(1.2) A 091 92.1(6.7) 98.7(4.4) 100.5(2.7)
Fm o 082 86.4(53) 90.8(3.6)  95.5(1.9) B 100 93229  98.4(22) 101.2(0.4)
dE5E 0 1.02 89.6(3.2)  93.0(5.2) 1009 (4.3) BN 1.04  958(2.7)  99.5(1.6) 98.6 (1.0)
R 1.00  953(4.3) 100.2(2.1) 103.7 (2.0) PEEHXDA AR 096 92.1(5.3)  97.3(4.0) 101.8(1.6)
BN 096 96.6(1.5)  99.5(23) 1022(1.3) * ¥ 1.04  93.6(6.9) 100.7 (4.5) 101.5(2.1)
PFOA %% 092  94.1(6.2) 973(5.5) 101.8(3.7) FEH 096  91.4(7.4) 982(47) 100.7 (2.2)
nuf 091  945(24) 98.6(24)  99.9(0.6) EE 098 905G.0) 998039 1013(33)
FHM 087 91.7(42) 952(3.3)  98.4(0.8) .
£ 087  95.6(6.3) 100.6(3.1)  98.4(1.4) WAL 100 835(56)  884(47) 918(06)
WA 100 941(27) 101.5(32) 1023 (2.2) FUR 104 842(29)  89.6(34) 933(L5)
#R 1.0 97.6(3.3) 102.7(1.4) 103.4(1.1) PFOS X 098 8L7(6.7)  87.5(5.0) 91.2(0.8)
AR 099 955(54) 1014 (1.7)  102.1(2.2) ien 1.02  82.2(42) 88.4(3.8) 93.8(1.7)
PENA i 1.02  96.8(1.3) 102.3(1.5) 102.5(0.8) M 093 79.1(3.5) 853(27) 89.8(0.9)
3% 1.06  82.7(53) 89.6(3.4) 945(1.7)

%
T/ 096 95.5(2.9) 100.5(0.6) 101.6(2.3)
X 097  96.4(5.7) 101.2(24) 101.8(3.3)

e H TRV (matrix effect, ME),
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R A9 T B s AR A T 5 SRl 2, R A 1o B A 1 RN
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S5y 1 V3T 22 Al KM 5 3 5 SR, R A T T
i, DAMIIRIMRBE ) PFAASs 43 BIFE 8% 35 35 50 RN 4l 5 5] v 1)
U T R LB ME B 76 3 5126 B5R , &WF A
[ S HE B P Y 65 2H ME {EAE 0.82~1.15 JE[EN Hrh, 7
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tert-butyl ether, MTBE)SF 554 tEIA R, AR A LW
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Table 4 Comparison of parameters between the detection method established in this study and similar published methods

Fie 3 HEHUE 7 Hib 1k K MKBR /(ug/kg) EE &4 E =P UN
Z R RS DY S kg K SPE (WAX+EnviCarb) 0.00025~0.0060 60~133 [18]
EZ B MTBE+E % i 5 SR 0.0006~0.0067 49~67 [19]
/#;'i i:ﬁﬁ ¥ ZIE-K SPE (WAX) 0.3~12.4 65~136 [20]
W FA. Bk W SPE (EnviCarb) 0.01~0.90 48~104 [21]
BYRB ZIE-K SPE (WAX+EnviCarb) 0.017~0.180 70~114 [13]
ZRGEE MTBE 3} 7% B 1+ +SPE (EnviCarb) 0.04~0.53 67~126 [14]
EZ B HR- 2% Sin-QuECHERS 0.009~0.023 75~104 Ay
. . per- and polyfluoroalkyl substances (PFASs) on plants: A critical review [J].
3 é|:| l'é Environ Int, 2022, 158: 106891.

KHH0.5% MR- 2 B SR U, X b bk 5 2 R
13 F' PFAAs A R 47 i L 42 BUBE ) o U A 2 T 100 mg
PSA 1 80 mg Cg LRI &, X EEm T EM T A
Rk, %A Sin-QuEChERS i i 20/ fhds AR b5, ok
REHTAE . 13 Bt PFAAs [FRIE 2R 2k tAE 3¢ R 501y
KFETF 0.997, Kt FRTE 0.004~0.008 pg/kg JERIN, Eit
FR7E 0.009~0.023 pg/kg < [l P9, WAL R & 40 B 200K ;
PFAAs 7ERN . FEFiE 5 FPEiSeFLm iy inbs i R e
75.4%~104. 1% [FE N, AHXTARE R 25 A8 5 8.1%, 1 A
SEBER AT A e, o sk g A AHie s K 2500
BT I BE RN FT DL 2, S R A R v R B ik
WY, S TR, Ay EAa Y BRER
i FARVERER L . TS PP 5 A AN, 38 E R
B % PFAASs 1R HUB PR i 25 FORS 6 52 5 70 BT o
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