2026 4 9 A & i% Vol.44 No.9
September 2026 Chinese Journal of Chromatography 1048 ~1058

B R X DOI: 10.3724/SP.J.1123.2025.12005

RHEEE- KR EE|EEE-RIEEMNEELH
15FFKEXMUDMERREALEFR

* M, HEE, X &K
(P E R A B, JEET 100029)

FE WA, Jo RIS K IE J5 Y B R T e 2 24 25 7 (ATS) 454 il 2 i A2 38, 0 Bh 4 Bk i R o 6 1B )
R G3BT e TR0 BCAR 9 24 s A R U S B B (0 a2 R T R A TEAR M R Y B 2, A S
TR - BT - R TR TR G VR M vk L B 15 Bl AR 259 (9 Fh 2% e 2L R 6 b 8 T JHe 25 2% A ) ) Sy AIF 58 %)
G BN T B R REA I ) £ RO AR 8 - R 6 T 1 (LC-MS/MS) 5 S AH 8385 - BT it 1 (GC-MS) XU & 5 43 BT 7
o SCBRN A EE R BRI (AP)AMY 14 R W ¥R T8 A B R HET . 4% 00F 6 5 AR B H T2 28 5 bR
TR ) T ZE AL 40 BT, 38 30 B0 15 58 XSS UE SR T T 5 (B 45 S 10 7T S SR i b o ) T 1 TR SR AR T O A T G
{6 F Bt . >R A Box-Behnken Wi [ 187 1 £ 16 115 4b 28 2% 1, O A6 (9 42 AR 240 QR < SR B B2 40 °C, 42 A /] 50
min, & [ e 100: 1 (mL/g) , Fh M ¥ 0.01 molVL. 453 EW , Hl &M EREAT 14 F HAR W& &5 1.050 ~
7.771 ng/mg, H N5 H [RURS 4 B R AR E R 22 <10%) | 11505 (84.46% ~ 116.4%) T F 5300 (80% ~ 120%) 34 il
SEMTELR . WIRR O ik Y BB 3 B, LC-MIS/MS 11 A H BRI BR 4351 24 0.05 pg/mg 5 0.25 pg/mg, GC-MS 1
K th BR 5 %2 B BR 43914 0.02 ng/mg A1 0.08 ng/mg. L F A5 &I, 7 8 & MK 0.05(HBE R 10,22) F, &
RREAR LI BT . AROFFE S 78T LC-MS/MS 5 GC-MS (1 X 5 47 1 i 15 28 I TIE 56 W, 3l 3k %6 7] — K
A ST I 525 AL, SE T A5 R0 AR A U TE BRI T A R T AR . R B B AR AR B R TN
BE B 1 0 B AR R MR I A e T B bR v IO A rh 25 ) - R A SRR R MR . AR AR Y
J5 1 T £ 1 o o 90 I Sy 1 R L v 2 28 PR OO S 6 2 R o R BR AL T ORI RE M T L

SR IS RIC AU s RV B2 ) 3 T s ARV 0T 5 VOOAH €6 335 - TG 0 3% 5 A €0 335 - T i

FE 5SS :0658 XEkFRIZAD A

Determination of 15 fentanyl analogs and amphetamine-type
stimulants in hair by liquid chromatography-tandem mass
spectrometry and gas chromatography-mass spectrometry

WEI Qi, SU Fuhai, ZHU Xin
(National Institute of Metrology, Beijing 100029, China)

Abstract: Drug abuse is a major global public health problem. Fentanyl analogs and amphetamine-
type stimulants (ATS) are widely abused worldwide. Hair analysis can trace drug use history over
months. This technique has unique advantages in forensic toxicology. However, its application is
limited by a lack of matrix-certified reference materials (CRMs). At present, the existing CRMs are
unable to simultaneously cover both fentanyl analogs and amphetamine-type stimulants. This study
established a hair sample preparation method based on a water-dimethyl sulfoxide-hydrochloric acid

soaking approach, targeting 15 analytes (nine fentanyl analogs and six ATS). The soaking time was
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systematically investigated. Drug incorporation into hair reached a maximum at 24 days. A slight
decrease was observed at 25 days. This decrease may result from desorption and solvent-induced
structural changes in keratin. Therefore, 24 days was selected as the optimal soaking time.
Preparation experiments demonstrated that 14 of the 15 drugs were successfully embedded into the
hair matrix. This study also applied a dual-platform quantitative strategy for certification. The two
platforms were liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas
chromatography-mass spectrometry (GC-MS). Cross-validation between the two platforms improved
the reliability of certified values. Sample pretreatment conditions were optimized using Box-Behnken
response surface methodology. Four factors were investigated: extraction temperature, extraction
time, liquid-to-solid ratio, and hydrochloric acid concentration. The effects of the four factors on
extraction efficiency followed a decreasing order: extraction temperature>extraction time>liquid-
to-solid ratio>hydrochloric acid concentration. The optimal extraction conditions were as follows:
extraction temperature 40 C, extraction time 50 min, liquid-solid ratio 100: 1 (mL/g), and hy-
drochloric acid concentration 0.01 mol/L. Method validation was performed according to international
guidelines. For LC-MS/MS, the limits of detection (LODs) and quantification (LOQs) were 0.05 pg/mg
and 0.25 pg/mg, respectively. For GC-MS, the LODs and LOQs were 0.02 ng/mg and 0.08 ng/mg,
respectively. Good linearities were obtained for all 15 drugs. Correlation coefficients (7) were greater
than 0.999 for both platforms. Good linearities were obtained for all 15 analytes on both platforms
with correlation coefficients >0.999 over the respective concentration ranges Intra-day precisions
(n=6) were evaluated as relative standard deviations (RSDs). Inter-day precision (n=30 over 5 days)
was also calculated. For 14 drugs (except amphetamine), RSD values ranged from 0.2% to 9.4%.
All RSDs were below 10%, indicating good repeatability and intermediate precision. Stability of hair
extracts was assessed at 1, 24, 48, 72, and 96 h at room temperature. The extracts were stable
for at least 96 h when stored at room temperature, with RSDs below 6.0% for LC-MS/MS and below
10% for GC-MS. Recovery tests were performed at three quality control levels (low, medium, high).
For LC-MS/MS, average recoveries ranged from 84.46% to 116.4% (n=3). For GC-MS, average
recoveries ranged from 85.50% to 116.4% (n=3). All RSDs were below 15%. Matrix effects (MEs)
were evaluated by comparing matrix-matched standards with solvent standards. ME values between
80% and 120% (n=3) were observed for both platforms. These results indicate negligible ion sup-
pression or enhancement. Homogeneity of the prepared hair reference material was assessed. The
results show that the uniformity of the hair samples is good. The contents of the 14 drugs in the
prepared hair samples were determined. For LC-MS/MS, the values ranged from 1.012 ng/mg to 7.830
ng/mg. For GC-MS, the values ranged from 1.087 ng/mg to 7.712 ng/mg. Amphetamine was not
detected by either platform, likely due to its high polarity and weak binding to keratin. Most drugs
showed good agreement between the two platforms. Relative deviations were below 10% for most
analytes. However, methamphetamine showed a deviation of —12%. This may be due to matrix
effects in LC-MS/MS. The GC-MS results for methamphetamine were more robust. The dual-platform

approach allowed cross-validation and enhanced the reliability of the certified values. In conclusion,
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a dual-platform method based on LC-MS/MS and GC-MS was successfully applied to certify a new

hair matrix reference material. The cross-validation strategy enhances the accuracy and traceability

of the certified values. This work provides a valuable tool for quality control in forensic toxicology

laboratories. The prepared reference material and validated method will facilitate inter-laboratory

comparisons. They will also support the monitoring of drug abuse in forensic and clinical settings.

Keywords: fentanyl analogs; amphetamine-type stimulants; hair; reference material; liquid

chromatography-tandem mass spectrometry (LC-MS/MS) ; gas chromatography-mass spectrom-

etry (GC-MS)
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Fig.1 Flowchart of preparation and pre-treatment process for hair samples

IS: internal standard.

#1 LC-MS/MSHFERKRBEMMMERBEXENNRESH
Table 1 MS parameters of fentanyl analogues and amphetamine-type stimulants in LC-MS/MS

Drug name Retenti(?n time/ M I.Drecursor ‘Product Cone Collision
min r ion (m/z) ion (m/z)  voltage/V energy/V
Norfentanyl 5.36 232.32 233.25 84.25" 82 18
Acetylfentanyl 8.75 322.45 323.31 188.29" 10 20
105.23 10 32
Ocfentanil 11.74 370.47 371.33 188.29" 10 24
105.23 10 34
Thiofentanyl 13.11 342.50 343.23 194.27 16 20

111.21 16 46
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Table 1 (Continued)
Drug name Retenti(?n time/ M I?recursor .Product Cone Collision
min r ion (m/z) ion (m/z)  voltage/V energy/V
Fentanyl 9.59 336.48 337.34 188.29" 4 20
105.23 4 34
4-Fluorofentanyl 10.35 354.47 355.33 188.29" 8 26
105.23 8 34
Isobutyrylfentanyl 8.81 350.51 351.37 188.29" 16 24
105.23 16 34
4-Fluorobutyrylfentanyl 14.38 368.50 369.36 188.29 6 24
105.23 6 36
Tetrahydrofuranylfentanyl 15.25 378.52 379.29 188.29" 94 38
105.23 94 22
Amphetamine (AP) 1.35 135.00 137.10 92.15" 55 25
119.00 55 15
Methamphetamine (MA) 2.74 149.23 148.24 133.24 64 18
117.26 64 16
3,4-Methylenedioxyethylamphetamine (MDEA) 5.17 207.00 208.22 105.23" 28 22
132.85 28 24
3,4-Methylenedioxymethamphetamine (MDMA ) 4.44 194.00 194.22 163.27 32 12
105.23 32 22
Tenamfetamine (MDA ) 4.00 179.20 181.10 135.00 70 26
164.20° 70 13
Ephedrine 2.72 148.00 148.16 114.91 42 16
133.24" 42 16
* Quantitation ion.
GO-MS 77 i B4 AR AT A 37 1 AP £2 GOMSHFAREMNARTBMEAEANHEET

MK M55 7 GC-MS M 7 i . 3% 4 . DB-5MS Table 2 Characteristic ions of fentanyl analogues and
(30 mx0.25 mmx0.25 p,m) *Ir?ﬂ/n% ﬁ: T‘]]il amphetamine-type stimulants in GC-MS

Characteristic ions Retention

80 T, {4+ 1 min, ML 10 C/min i) #H R TR = Drug name (m/2) time/min
250 T, 1%+ 2 min, F L 10 C/min )3 ZFHE &= Norfentanyl 83", 120, 159, 175 15.84
300 C, 4+ 5 min, FERESH . HEEE IR EE 280 C, Acetylfentanyl 231°, 146, 188 20.59
ﬂ:ﬁﬁgﬁj\ 1 pL, AL 10: 1; ﬁﬁ'ﬁ(ﬁ@ . f_\‘:h 1.0 Ocfentanil 279", 176, 280 24.19
mL/min; /%\: ULJE 5.0 min. an ﬁ*ff EI B F Thiofentanyl 245", 146, 93 23.22
BT W R 70 oV, IR 2 ) 51 Fentanyl 23,140, 189,280 2289
/:'Ej{l 230 C 'ﬁ 250 OC Egﬁ*ﬁ "mﬁ*%%?% 4-Fluorofentanyl 263*, 164, 220 21.21
Isobutyrylfentanyl 259, 146, 189 21.92
Bl (selected ion monitoring, SIM) ££3{, GC-MS *f1 4-Fluorobutyrylfentanyl 164", 277, 207 23.74

KA IS T A | W= )
% K Je JE AUy AR TN N SIS 2 A ) A R AR B T Tetrahydrofuranylfentanyl 287", 189, 146, 158 24.86

k2, AP 44°,91, 117, 65 6.18

2 HRSWR xgm ji ?;;,5?36, 77 12:;:
2.0 ERREEHE R E S MDMA .77, 59, 135 10.08

HEFBYAE TR T BB N, SR T WA 136,77 51 108
7.15.20.22.24 1 25 3% L6 /\EH_ IETJ IS - % 7 Ephedrine 58, 77, 105 8.65

DMSO i & ¥ W 3 1 B 7;2# A, A ] A3 " Quantitation fon.
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Fig.2 Contents of the 15 target substances in hair after
different soaking times

TEAR LI AT R 24 KIFERP25Y &
K B 005 ) PN 1) B g L $ S I T A5 B2 259 -
RS ANV . AN B &SR i
Yy I 0 £ T2 bR AR AR T OGS AR I . ARSI
FIE B AMET RPN BES N FE5H4Y-E
KM H AR AR ML . B EAME N —FhE 24
14 A ) 6 B, L 32 B Ay A B T 2 R 1 i A
FIGE G O R, X AINIE A 25 4 1) W B 6 O A7 e B |
M EBR . FEARSE 5 25 RBETHAY &R
TR T RE S B A B 9 R A0 e [ A Y &
o KW TR b % 57 DMSO Hraf g5l &
J P AR R IR S AL AR R R Ay A A 2 )
B2 b . WF5E W DMSO fiE B 3% 5 i 4y 1
PBAT b 5 3 T R E M Kintz %2 & B DMSO [
N-FR 3 i o ) LA PR A 3 R 58 e 5 2 T
R DMSO Ay bk o 76 32 3 40 00 nT LA AT )
T E 25435 3 B 7E J5 191 0T 6. 25 n 48 25 9 fiee W o)
T3 — D5 T, AR AT B 2 A A R R DG
HZE . Y25 Hhk 2 AR S )G 2B AL
T Z 1) 23 T8 i 2h 25 745 , % B0 42 4 A W R 45 1 26
FRAE o A 2R b RO B R R P (R 0 RO 45 ) T 3l
1 U A Sy T AL O 25 T 24T A A
FES BT, 37 E A 2590 o0 F e DL RRUE 45 A L B A

VA VR - T B T TR 1 Bl A A, T AR R 1 S
R
2.2 HRESEEGNMRKL

& H Box-Behnken i N [fif 1% , 7 48 %5 45 T #2
B BE (A) (B HCE 8] (B) VW H (C) |36 R vk 1
(D) S5 25 i e iy 52 m (& 3) o >R A De-
sign Expert 13.0 A5 110U R 2 =K iR 5, 8 R
BRI Y B A S o DL SRR TR e Sy 1]
PLA 2 & 8 (ng/mg) 5 & AR ik £ ot Il
iy (I

259 & & (ng/mg)=1.56-0.215 3A+0.062 9B~

0.090 3C+0.084 4D-0.076 2AB+0.020 9AC+

0.066 9AD-0.027 3BC+0.064 1BD+0.200 7CD~

0.259 2A%-0.324 5B°+0.046 9C*+0.071 0D*,

BLRLE) F{H R 3.97 (p<0.05) , % Bz A A g
. EXFIEN T ,A.CD A*Fl B* & 1 2 () #ER
T, £ R XS B A 15 B2 1 48 L (9 5% i R 2
TBUYER B > 4 IR () > 1 bb >R W vk 5 . i) i 1 45 4%
o 24 1 B W B i T R 2R T 1 22 B L L R [RDE
LR CD %5 PR3 8] A7 7 5 35 B W] 2800, i [
& 5CAS F ) F R ) 45 R L IR #E ) 8 HOAE
B

F| H Design Expert 13.0 #1545 B 5 4
38 C HE U A] A 54 min, ¥ [# R 100: 1 (mL/g) .
R R M BE A 0.01 moV/L R, 259 & i ik B f . #¢
AR, MA FAE N 1.973 ng /mg. LR & 45
BN 7E R BUE FE 40 C B EUAT E] 50 min | &
I 100: 1 (mL/g) #h R ¥ £ 0.01 mol/L My & 1F T,
MA B A8 M 1.915 ng/mg., 3% UE 52 T A A T AR
B AR . B, B B & T 15 Ry P i A
P IS5 A g 4R UL B 40 °C, 42 BT 1] 50 min, W [#
tt 100:1 (mL/g) , 2% & 0.01 mol /L.
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FR & 0.02 ng/mg, & & R /& 0.08 ng/mg.,
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Fig.3 Influences of different extraction parameters on the content of methamphetamine
a. extraction temperature and extraction time; b. extraction temperature and liquid-to-solid ratio; c. extraction temperature and hy-
drochloric acid concentration; d. extraction time and liquid-to-solid ratio; e. extraction time and hydrochloric acid concentration; f.

liquid-to-solid ratio and hydrochloric acid concentration.

Aebr L el bR el 2 . S5 A NEE 3 FraR , LC-MS/MS
H, 13 A HARIAE 0.01~0.2 ng/mg 6 Bl N 280 R
B AE G R MK R B (r)>0.999. AP Fil MDA
1E 0.06~0.5 ng/mg & & i Bl N & PR R4, r>
0.999. 7E GC-MS 1,15 F Hin ¥y 475 — & u Bl N
LRME R KA, r>0.999, W Rl o M 5 vk 249 0 A2 o

SIHTIY SR

By o B DR H AR % R 4T 6
SEATC 1 1 B R AS 4R O AT IR A . B R
Fe 1.3 79 I S 4% 1R HEAT w0 AL B L SRS 4 B A
LC-MS/MS il GC-MS # Gt 17 & . Lhthit5 6
AN S 52 45 R (n=6) (14 #0641 D 22 (RSD) |, 1k
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Table 3 Linear relationships of the 15 target substances
GC-MS LC-MS/MS
Drug Linear range/ . . Linear range/ . .
(ng/mg) Regression equation r (ng/mg) Regression equation r
Norfentanyl 0.4-4.5 y=0.13112+0.1568 0.9998 0.01-0.2 y=21.1732+0.1193 0.9997
Acetylfentanyl 0.9-4.5 y=0.20192+0.3706 0.9996 0.01-0.2 y=61.1312+0.3503 0.9996
Isobutyrylfentanyl 0.4-4.5 y=0.272+0.6094 0.9997 0.01-0.2 y=51.3272x+1.2441 0.9996
4-Fluorofentanyl 0.4-4.5 y=0.22332+0.4528 0.9996 0.01-0.2 y=71.8132+0.0265 0.9995
Ocfentanil 0.4-4.5 y=0.2182x+0.4271 0.9997 0.01-0.2 y=84.916x+0.462 0.9995
Thiofentanyl 0.4-4.5 y=0.1752+0.4698 0.9996 0.01-0.2 y=45.938x+0.1992 0.9995
4-Fluorobutyrylfentanyl 0.4-4.5 y=0.1424x+0.3142 0.9997 0.01-0.2 y=16.077x+3.8265 0.9998
Tetrahydrofuranylfentanyl 0.9-4.5 y=0.11952+0.2369 0.9995 0.01-0.2 y=31.942x+0.0672 0.9997
Fentanyl 0.4-4.5 y=0.14252+0.3061 0.9996 0.01-0.2 Y=56.9172+0.1109 0.9999
AP 0.9-4.3 y=0.51442+0.9685 0.9996 0.06-0.5 y=0.17792+0.0163 0.9995
MA 0.9-4.5 y=1.0571x+1.0671 0.9998 0.01-0.2 y=7.689x-0.0435 0.9997
MDEA 0.9-4.4 y=1.056x+4.1112 0.9996 0.01-0.2 y=23.7942+0.1312 0.9996
MDMA 0.9-4.4 y=0.6487x+2.0984 0.9995 0.01-0.2 y=38.361x+0.12 0.9998
Ephedrine 0.9-4.4 y=0.6042+0.8299 0.9997 0.01-0.2 y=10.3362-0.0034 0.9999
MDA 0.9-4.4 y=0.36142+0.5927 0.9997 0.06-0.5 y=0.05662+0.0062 0.9996

y: the ratio of the peak area of the substance to that of methamphetamine-d,; x: drug content, ng/mg. r : correlation coefficient.

NI H RS () .

H e RS % B2 3 i

84.46% ~ 104.3% ., 88.69% ~ 100.7%, RSD<15%.

GC-

TEESE S A TAEH W, A H Szl & IR E —4 6
By AR & (n=30) 47 PF M, 7155 H RSD., K% &
28 AL M T B £ 1 (www.chrom-China.com) , %%
TR BR AP Ab, 14 F H bR A 9 BRI 7 kR
H N5 B A0S % B2 (19 RSD {E/N T 10%, ¢ B fF 28 57
B a7 7k B RAFIE M S H DR % R
e M U A I B R B BOR, 7E = R (25«
5) CHAFTF 4> Gk E 1.24 .48.72 #1 96 h 5 #EFE4)
Mr, A E] S AT I 5E 3 W AT I 4 55 2 %
P i - 1 06 T FRL LY TH 55 RSD, 7 Al 48 HOHE 19 £
EE L 45 R E W], LC-MS/MS ' RSD<6%, GC-MS
H1 RSD<10%. il £ ) &L IBOUREZR T 96 h I
A R de M R R e 45 2 LR 3% 2.
B E g DAl R A 3BT 5 TR R R L R
fi% . L (I 6 (LQC) 1.0 ng/mg ¥ & (MQC)
4.0 ng/mg . = ¥ i (HQC) 8.0 ng/mg( LA & %L i
2P ) )3 A K B B RE L BEAT AR 11
K, B A KA IE 3 K. MERFREL 9 1755 H
BRFEAR (B2 10 mg) , 435 A 3 KRy 15
Tt AR 1R A b 1 VS T S S R 3 R TN e -ds.
FRAE 815 75 B, S R 7K SF N 0 [l e, 4%
W E W, LC-MS/MS ', 15 Fl 25 ¥ # LQC.MQC .,
HQC /K F T 1 °F % [l 4it %k 96.04% ~ 110.8% .

MS 1 LQC.MQC.HQC 1y V- 4 [nl #i 2 73 5l 4y
96.84%~ 116.4%. 85.50%~ 102.1%. 86.14%~ 112.9%,
RSD<15%. 5C 5% 45 R &KW, & 37 ) LC-MS/MS FI
GC-MS ik BA e et i .

3 T % M (matrix effect, ME) 3 3 4% #7 1% .
o 3 KR RIS R R (RS A B R
P RO T ) ) 5 i PR A o T T ) 0 T AR 2 HEOR T
M LR RLNE o A VR B K S-S AT BE I 3 49 B R DT
TS A E T2 WA 3 453 4l Y IS s o AR 9 e WA i A
W 3,53 S5 AW 7K F R 9 RSD., ME=
(A/B) x100%, A} ¥ & 7€ T & 3 it v i 06 1w AL B
SRy B i E B v i 0 1A s ME>100% 3R 8 £F 7 B
T3 58, ME<100% £ 78 fE 76 & Tl . 25 /%0,
LC-MS/MS F1 GC-MS ' 15 Ff H 45 4 # 5 57 5%
7E 80% ~ 120% U [ P , RSD<15%, 5 45 4> B % 5K .
15 Bl H BRIl e 258 5 5 ot 25 1 485 21 L B 3% 3.
2.4 RS

MG 261 200 R &R A e R BL AR 11
BEASBES I E 3 W, H LC-MS/MS MRM {4 i [&] il
GC-MS SIM 3% €] 53 51 WL & 4 F1E 5. LC-MS/MS
il GC-MS & 245 R W3R 4, AP FE W R 7 ik 1y
A, B DU IR PR A TR A 25 2R SR AP {5 SR
For R R R S B S A E A AR
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Fig. 4 LC-MS/MS chromatogram of the 15 target sub-
stances in hair samples
1. ephedrine; 2. MA; 3. MDA; 4. MDMA; 5. MDEA; 6. norfen-
tanyl; 7. acetylfentanyl; 8. 4-fluorofentanyl; 9. isobutyrylfen-

(=}
w
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tanyl; 10. fentanyl; 11. thiofentanyl; 12. 4-fluorobutyrylfentanyl;
13. ocfentanil; 14. tetrahydrofuranylfentanyl.
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Fig.5 GC-MS chromatograms of the 15 target substances
in hair samples
1. MA; 2. ephedrine; 3. MDA; 4. MDMA; 5. MDEA; 6. norfen-
tanyl; 7. acetylfentanyl; 8. fentanyl; 9. thiofentanyl; 10. isobutyr-
ylfentanyl; 11. 4-fluorofentanyl; 12. 4-fluorobutyrylfentanyl; 13.
ocfentanil; 14. tetrahydrofuranylfentanyl.

MAREH) 5T 200 4> 4225 Hh BE AL A0 11 >4
B, BB B 3 A A R A R R) R P 345 1 A
5o fm/NBORERE N 1 mg. F MR 1.4 9 ik Y LC-
MS/MS J5 ik SEATINAE o A5 3 53 P J5 22 4 e 4 5, 1D
R TR A 74 Al 22 (s, ) 55 92007 M 2 (B 0 5 J32 1) o 30
H bR AT OB, 25 A8 1 35, W bR i) S A ol 35 55
% H 7 7573 ¥ i% (analysis of variance, ANOVA) i#
T YIS EUT S 45 R, B R 14 B H AR 1
SIMERE A5 R UL R 4. F RS g5 SRR, LC-MS/

%4 LC-MS/MS 5 GC-MS#RILR
Table 4 Comparison of LC-MS/MS and GC-MS results

LC-MS/MS (n=3) GC-MS (n=3)
Drug name Deviation/% Average value/(ng/mg)
Average value/(ng/mg) RSD/% Average value/(ng/mg) RSD/%

Norfentanyl 1.012 1.6 1.087 3.7 -7.1 1.050
Acetylfentanyl 4.788 0.6 4.821 2.0 -0.7 4.805
Isobutyrylfentanyl 4.826 0.3 4.816 1.9 0.2 4.821
4-Fluorofentanyl 5.830 0.2 5.786 1.6 0.8 5.808
Ocfentanil 3.188 1.1 3.031 2.2 5.1 3.110
Thiofentanyl 5.010 0.6 4.925 2.0 1.7 4.968
4-Fluorobutyrylfentanyl 6.303 0.4 6.028 1.7 4.5 6.166
Tetrahydrofuranylfentanyl 3.444 0.2 3.451 3.0 -0.2 3.448
Fentanyl 7.830 0.3 7.712 1.9 1.5 7.771
AP - - - - - -

MA 1.789 1.3 2.015 2.0 -12 1.902
MDEA 1.321 0.3 1.322 1.2 -0.1 1.322
MDMA 3.284 0.7 3.325 1.2 -1.2 3.305
Ephedrine 1.667 1.3 1.667 1.6 0 1.667
MDA 1.938 1.6 2.112 2.7 -8.6 2.025

-: not detected. Deviation=[ (LC-MS/MS result-GC-MS result)/average value |x100%; average value=(LC-MS/MS result+GC-MS re-

sult)/2.



- 1058 - @

i % 44 %

MS H1, 14 F HERPI W F g0 <F,05(10,22)=2.30, i
B 45 1 B R AEAS S ) R AT

3 &g

AT 5% LA K - BB A0 -6 R VR B VA TR T
il & 7 & 14 A E bR 2590 09 B R B bR E P 5 1R
Y, RGH A YB BN 1  E 24 KON
FEIZ MO ], SE BT 14 Ff H bR 259 78 B & R
M FaE 4 A . LR -, #5727 LC-MS/MS 5
GC-MS XV 655 B4 051k, 5 ik 2 ik 45 R £ W]
TEBA B FIORG %% B R AF 06 2 B R R B A BT Y
3K o LC-MS/MS *f 75 K Jé 2 ¥ R 8B W, GC-
MS 7 A8 N B 248 2% 4w 300 43 A o 5 5T T 4 T/, B0F
£ 28 I IE SR W A R TE T A R AR
AR AYAEE KT NBED 1% 5 Kintz 54
B S P OB R — B2 R B & S A i
W A 3 ) 8 S0 M R A, T A T B B 2 S 5 T
R T A

AW ST W AEAE LR (1) W IR T 3 9 mT
RESmMAWEEGRE . MHEBEREAREEA K
Rtk Bt B, H IR R R B, R R
— R A ) K5 2 5 R e e (2) AR i
Ve 252 Wb B 8 28 S (BRI 5 R 5
478 55 08 K 2L AR TR e 2 2% g 70 i AR i
WY (3)AP KK, 5 22 B & Tl & T 25 0L
A (i A2 32 3V R0 E bE L RE G BV A ) A ) L R
B 22 7 BRSPS R R ARG S L 45 A A
DI v NSV | G 1 S 1 O NS A
BT O R A S T T A 3 R R B R R I Ak
RO IR G Lol S5 & B IE AR AE ) Y &
PE 87 BT 6 B0 L X R g5 G A B A B
TR bR 5 0 0 B A A SR

S 2% 3k -

[1] United Nations Office on Drugs and Crime (UNODC).
World Drug Report 2025. Vienna: United Nations Office on
Drugs and Crime, 2025

[2] Salomone A, Bigiarini R, Palamar J J, et al. J Anal Toxi-
col, 2020, 44(4): 362

[3] Miiller D, Neurath H, Neukamm M A, et al. Clin Toxicol,
2019, 57(9): 806

[14]

[15]

[16]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]
[29]

[30]

Burns S M, Cunningham C W, Mercer S L. ACS Chem Neu-
rosci, 2018, 9(10): 2428
Shi Q, Shi Y, Pan Y, et al. Microchim Acta, 2014, 182(3/
4): 505
Nath R, Kumar D, Li T, et al. Toxicology, 2000, 155(1-
3): 17
Madia M A O, De Oliveira L. O, Baccule N S, et al. J Phar-
macol Toxicol Methods, 2023, 119(1/2): 107212
Caballero-Casero N, Beza G N, Rubio S. J Chromatogr A,
2022, 1673(6): 463100
De Almeida C M, Dos Santos N A, Lacerda V J, et al. Anal
Bioanal Chem, 2024, 416(24): 5255

Yang H K, LiuJ L, Dai L N, et al. Leg Med, 2021, 53(11):
101964

Nzekoue F K, Agostini M, Verboni M, et al. J Pharm
Biomed Anal, 2021, 205(1/2): 114310

Goncalves R, Castaing N, Richeval C, et al. Forensic Sci
Int, 2022, 333(4): 111215

Ameline A, Gheddar L, Raul J S, et al. J Chromatogr B,
2021, 1162(1): 122495

Kwon N H, Lee YR, Kim H S, et al. Molecules, 2019, 24
(13): 2501

Salomone A, Gerace E, Di Corcia D, et al. Drug Test
Anal, 2019, 11(1): 95

Su D B, Dong L P, Zhang Y F, et al. Chinese Journal of
Chromatography, 2024, 42(3): 245

TR, WM, SRS, S A%, 2024, 42(3): 245

Deng H F, Zhang J Y, Bian X H, et al. Chinese Journal of
Chromatography, 2020, 38(8): 906

DY, skt A, WA, 4F L il 2020, 38(8): 906
Marrinan S, Roman-Urrestarazu A, Naughton D, et al.
Hum Psychopharmacol, 2017, 32(3): 2587

Wei Q, SuF H. ACS Omega, 2022, 7(23): 19176

Wei Q, Su F H. Metrology Science and Technology, 2022,
66(4): 48

FHL, IR m A TR 5K 2022, 66(4): 48

Kintz P. Curr Pharm Des, 2017, 23(36): 5480

Niu Q, Shen J, Liu Y, et al. Science and Technology of
Food Industry, 2019, 40(3): 333

A58, TR, KRR, AR | A DR, 2019, 40(3): 333
Welch M, Sniegoski L T, Tai S. Anal Bioanal Chem, 2003,
376(8): 1205

Kintz P, Cirimele V, Ludes B. Forensic Sci Int, 2000, 107
(1-3): 325

Wang D, Chen X G, Feng J J, et al. J Chromatogr A,
2022, 1675: 463157

Kintz P. Ther Drug Monit, 2013, 35(3): 408

Testorf M F, Kronstrand R, Svensson S P, et al. Anal Bio-
chem, 2001, 298(2): 259

Patel J C, Parveen S. Chem Res Toxicol, 2022, 35(1): 30
Oztiirk E E, Dalgic B G, Biiyiikkpinar C, et al. Crit Rev
Anal Chem, 2022, 52(2): 231

Wang Z, Zhang Y, Li Z, et al. Small, 2023,
€2304427

Habelt B, Afanasenkau D, Schwarz C, et al. Transl Psy-
chiatry, 2024, 14(1): 486

19 (52) :



