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Abstract: An analytical method based on liquid-phase microextraction coupled with portable ion trap
mass spectrometry was developed for the determination of fentanyl, alfentanil, sufentanil, a-meth-
ylfentanyl, and acetylfentanyl in urine. Samples were extracted using a menthol—thymol natural deep
eutectic solvent (NADES) supported on polypropylene fibers and subsequently analyzed by portable
mass spectrometry for rapid detection. The five fentanyl analogues exhibited good linearity within the
concentration range of 50-400 ng/mL, with correlation coefficients () all greater than 0. 99. The
limits of detection (LODs) and limits of quantification (LOQs) were 5-20 ng/mL and 10-50 ng/mlL.,
respectively. Using blank urine as the matrix, atlow, medium, and high spiked concentration lev-
els, the intra-day spiked recoveries of the five fentanyl analogues ranged from 84. 1% to 119%, with
relative standard deviations (RSDs) of 2.6%-9.9%. The inter-day spiked recoveries ranged from
87.7% to 116%, with RSDs of 5. 5%-9. 7%. The method was applied to the analysis of five random
urine samples, and fentanyl and sufentanil were detected in two of them. The results demonstrate
that the proposed method is suitable for the rapid monitoring and analysis of fentanyl analogues in
urine matrices, and can effectively facilitate on—site investigation and support anti-drug enforcement
efforts.
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Fig. 1  Schematic diagram of the analytical procedure integrating liquid-phase microextraction

with portable ion trap mass spectrometry
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Table 1  Mass spectrometry parameters of the five fentanyl analogues and three internal standards

Scan  Precursor ion AC amplitude Product ion

Analyte Molecular formula CAS mode (miz) N (mf2) Internal standard
Fentanyl C,,H . N,O 437-38-7 + 337.2 1 188. 1 Fentanyl-Dy
Alfentanil C,,H,NO, 71195-58-9 + 417.2 1.4 268.2 Sufentanil-D,
Sufentanil C,,H,N,0,S 56030-54-7 + 387.2 1.4 238.1 Sufentanil-D,
Alpha-methylfentanyl C,,H,)N,O 79704-88-4 + 351.0 1 202.0 Fentanyl-Dj
Acetylfentanyl C, H,N,0 3258-84-2 + 323.1 1 188.2 Acetylfentanyl-"C,
Fentanyl-Dy C,,H,;D,N,0 - + 342.4 0.8 188.1 -
Sufentanil-D, C,,H,,D,N,0,S - + 392.3 0.8 238. 1 -
Acetylfentanyl-"C, C,"CH,N,0 - + 329.2 0.8 188.2 -
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Fig. 2 Product ion spectra, chemical structures, and pKa values of five fentanyl analogues
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Fig. 3 Response values of the five fentanyl analogues under different NADES compositions (A) and volumes(B)
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Table 2 Linear equations, correlation coefficients, linear ranges, limits of detection(LOD), and limits of quantification

(LOQ) for the five fentanyl analogues

Analyte Regression equation Correlation coefficient(r’)  Linear range/(ng-mL™") LOD/(ng-mL™")  LOQ/(ng-mL™")
Fentanyl y=0. 031 3x-0. 259 3 0.9928 10~500 5 10
Alfentanil y=0.017 Ox+1. 3355 0.9919 50~400 20 50
Sufentanil y=0. 041 1x+4. 248 5 0.992 1 50~500 20 50
Alpha-methylfentanyl ¥=0.031 1x-0. 3859 0.9912 10~400 5 10
Acetylfentanyl y=0. 003 2x+0. 131 4 0.9910 50~400 20 50

2.3.2 AMESHBEZE EICREHBRWRREFES, 20 IR FERBIR SRR A 50 ng/mL
IREWIR TR, SERRAH RS TR B, H. B3 MNRERE FFATIE 3k, Eid HNA
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84. 1%~119%, HHXF bR ifE i 2% (RSD) M 2. 6%~9. 9%;  H [8) AR [ UL 2K g 87. 7%~116%, RSD 4 5. 5%~
9. 7%, ZEWFW, ZI7ERA R I HERTE . EEHAEINE, o H TR T T SRR R 2R
Sy il 8

3 STSRJR YT IIARIEICR | H ARS8 R H )R

Table 3 Spiked recoveries, intra-day precision, and inter-day precision for the five fentanyl analogues

Analyte Added/(ng-mL.™) Intra-day(n=3) Inter-day(n=3)
Recovery/% RSD/% Recovery/% RSD/%
Fentanyl 10, 200, 400 119, 101, 101 7.7, 6.0, 7.3 116, 109, 99.9 6.6, 7.7, 6.7
Alfentanil 50, 200, 400 85.7, 102, 103 7.7, 6.5, 2.6 87.7, 109, 106 8.6, 8.7, 6.4
Sufentanil 50, 200, 400 93.6, 89.6, 99.5 4.1, 7.2, 9.8 96.2, 95.7, 99.9 5.5, 8.1, 8.9
Alpha-methylfentanyl 50, 200, 400 104, 105, 107 3.0, 2.9, 7.9 108, 112, 112 7.2, 6.0, 8.2
Acetylfentanyl 50, 200, 400 114, 84.1, 106 6.1, 8.5, 9.9 106, 92.5, 110 9.1, 9.7, 9.2

2.4 FiEXtEE
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FribTa) A RS TR TR b (WLEE 4) o SCHRJTVE 2l I AR L (LLE ) B[S AH ZE B (SPE ) [5G #E4 TR
AHAE T — HE BT 1 (GC-MS/MS) | ¥ AH 0.3 — B R T i v (LC-MS/MS) FI SR TS 5 47 = 1 (SERS) 43
Bt i fEAE AR S AL B R AR R 2 . R A IR, HAGER AR A, M DL R B P i
Ko
F4 AIEEHEAIT R LIS

Table 4  Comparison of the proposed method with other methods

Sample Sample preparation method Detection technique Time LOD Reference

Urine In-syringe NADES Miniature mass spectrometry ~3 min 5~20 ng/mL This work
Water and urine LLE SERS >30 min 90~1 550 ng/mL [2]
Drugs QuEChERS+SPE LC-MS/MS =70 min 0. 5 ng/mlL [3]
Urine LLE LC-MS/MS >70 min ~0. 1 ng/mLL [33]
Hair Solvent-assisted ultrasonic extraction GC-MS/MS and LC-MS/MS  >100 min 0. 02~0. 05 ng/mg [34]
Blood and urine LLE GC-MS/MS and LC-MS/MS ~ >30 min 0. 1~1 ng/g [35]
Beverages and urine Slug-flow microextraction Miniature mass spectrometry ~3 min 10~100 ng/mL [36]
Powders Matrix-assisted ionization Miniature mass spectrometer ~3 min 20~50 pg/kg [37]
Powders Developing dual-purpose paper substrates Paper spray MS ~5 min 320 ng/mL [38]

TEZS R IE Y BB IEASTTEWE T, Kang 557 R BB MAE L, LL10 pL SR OFE A $e I
PR, R E A 2 1 BB AR G0 YORH AR I 00 25 K SR 2 Bt ARy, A W8] 24 3 min,
K BR 47 10~100 ng/mL; Guo S5 7 BRI AAE G, SR FHEJTUA B L 5 /NRUAR S (SR 25 R Je 284k 45
Yy, K23 min, A3 HER A 20~50 pe/kg; Erkok 554k 5 & TG 9247 80l 15 4RI 25 Bk (PS-



559 1 EERR S OB TR TOERL AT 5 Rl 2SR e 288 dh 7

MS) X2 e 26 oA TR, AU )2 5 min, 4% HIFR 47 320 ng/mL.
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