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Simultaneous Determination of 90 Nafils in Distilled Liquor and Its
Products by QUEChERS/High Performance Liquid
Chromatography — Tandem Mass Spectrometry

CHEN Yan, YAN Li-juan’, XU Dun-ming, LI Cui-yu, SUN Ting
(Xiamen Customs Technology Center, Xiamen 361026, China)

Abstract: A QuEChERS/high performance liquid chromatography — tandem mass spectrometry
(HPLC — MS/MS) was established for the determination of 90 nafils illegally added into distilled li-
quor and its products. The distilled liquor and its products samples were extracted with methanol so-
lution, followed by purification of matrix dispersion solid phase extraction. The supernatant was
firstly passed through a 0. 22 pm organic phase microporous filter membrane, then analyzed by lig-
uid chromatography — tandem mass spectrometry with electrospray ionization (ESI) ion source in posi-
tive ion mode under multi-reaction monitoring (MRM) mode. The retention time and ion ratio were
used for qualitative analysis and the external standard method was adopted for quantification. The ac-
curacy and precision of the method were verified by taking white spirit, Brandy and ginseng wine as
sample matrices. The results showed that 90 kinds of illicit drugs could be satisfactorily separated
within 20 min under the above chromatographic and mass spectrometric conditions, and the lineari-
ties were good in the range of 0. 05 — 50 pg/L, with correlation coefficients (r*) greater than 0. 999.
The limits of detection(LODs) of the method were in the range of 0. 5 — 10. 0 pg/kg, and the limits of
quantitation (LOQs) were 1. 25— 25. 0 pg/kg. The recoveries for the analytes at different spiked lev-
els ranged from 78.3% to 109%, with relative standards deviations (RSDs) of 1.2%—9.9%. The
method was applied to the determination of 90 nafils in 47 batches of distilled liquor and its products.

The results showed that sildenafil is contained in 2 batches of samples. With the advantages of sim-
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plicity in pretreatment, good purification effect on complex liquor matrix, and stable recovery, this
method could be used for the rapid and simultaneous detection of 90 nafils illegally added substances
in distilled liquor and its products.

Key words: high performance liquid chromatography — tandem mass spectrometry (HPLC — MS/MS) ;
QuEChERS; distilled liquor and its products; nafils; illegal addition
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Retention times(z,) , monitoring ion pairs and collision energies of 90 nafils

Table 1

No. Compound tR/min Precursor ion(m/z) Daughter ion(m/z) CE(V)
1 2-Hydroxyethylnortadalafil (2-$8 Z, 3£ 25 H bk i) 11.86 420.2 169.0, 298.1° 46, 10
2 2-Hydroxypropylnortadalafil (2-¥2 567 325 H Al ik 4741 12. 87 434.2 312.1°, 135.0 14, 26
3 Acetaminotadalafil ( £ BEfE A ik F73E) 11.68 433.2 204.07, 135.0 74, 22
4 Acetil acid (Bl Z. AR ) 13.43 357.2 329.1°, 285. 1 26, 34
5 Acetildenafi (ZL HiFIB9E ) 6.36 467.3 127.1, 111. 17 34, 34
6 Acetylvardenafil ( Z AR ) 3.72 467.3 151.0, 111. 17 54, 34
7 Aildenafil (GEHBTIFARE) 10. 51 489.2 113.17,99.1 34, 38
8 Aminosildenafil (2 PG HITIBEE) 14.19 406. 2 364. 17, 299. 1 26, 38
9 Aminotadalafil (ZFEAb K F7R) 11.74 391.0 269.0°, 204. 0 10, 35
10 Avanafil (BTAHFE) 9.20 484.2 375.1°, 155.0 30, 46
11 Benzylsildenafil (55 PG bR ) 12.99 551.2 377.1°, 134. 1 30, 42
12 Carbodenafi (K EX H TR ) 5.11 453.3 339.1%, 311. 1 26, 38
13 Chlorodenafil (G HbTBE) 17.43 389. 1 361.17, 285.0 30, 38
14 Chloropretadalafil (k47 FH FESA4LH) 17.47 427.1 274.0, 135.0° 34, 18
15 Cinnamyldenafil CHzHEAE) 13.21 555.3 117.0%, 115. 1 30, 80
16 Cyclopentynafil (FFARAE) 7.35 529.3 461.27, 98. 1 30, 42
17 Dapoxetine GEIAPET) 13. 00 306. 2 157.07, 127.0 26, 62
18 Demethylpiperaziny sildenafil sulfonic acid 16.43 393.1 365.17, 256.0 30, 42

(2 FH DR I 7Y b IR ARl R )

19 Depiperazinothiosildenafil (it WE % JE 57 A% PG AR AR ) 12.26 409. 1 381.1%, 352. 1 35, 40
20 Descarbonsildenafil (2385 7§ #BE) 6.99 463.2 311.1,283. 1 34, 42
21 Desethylcarbodenafil (25 2,25 B bR ) 4.48 425.2 339.17, 311. 1 22, 34
22 Desmethylcarbodenafil ( 25 H 2 EL AR ) 4.70 439.2 339.17, 311. 1 22, 34
23 Desmethylthiosildenafil (25 F ZEHAC PGB ARAE) 14. 74 477.2 327.1,299.1° 30, 42
24 Dichlorodenafil (A3t ARIE) 19.19 407. 1 379.07, 350.0 38, 38
25 Didescarbonsildenafil (3 2585 P4 1 AI5E ) 6.34 449.0 311.0, 283. 1 30, 42
26 Dimethylacetildenafil (— F ZE£T 38R ) 6.88 467.3 166.0, 127.1° 58, 34
27 Dioxohongdenafil QSR ZT 1 ABIE ) 12.20 495.2 311.1, 127.1° 46, 42
28 Dithiodesethyl carbodenafi ( — 4/t 23 £, 25 AR AR ) 15.15 457.2 371.17, 343.0 26, 38
29 Dithiodesmethyl carbodenafil ( At 25 H 3L AL ) 15. 54 471.0 371.1°, 343. 1 22, 38
30 Gendenafil (BCHBTIRAE ) 16. 68 355.2 327.1°, 285.0 26, 34
31 Homosildenafil (Z£ 5 P4 #i I E ) 10. 02 489.2 311.0, 113.0° 37, 35
32 Hydroxyacetildenafil GZIE£T HB TR R ) 5.40 483.3 143.1, 127. 1 38, 34
33 Hydroxychlorodenafil (F2 554 A5 E) 16. 43 391.2 313.17, 285. 1 38, 34
34 Hydroxyhomosildenafil (2552 5P IR ) 9.30 505.2 129.1,99. 17 42, 42
35 Hydroxythioacetildenafil (F2EERACLT HIAR ) 12.74 499.2 143.17, 127. 1 34, 34
36 Hydroxythiohomosildenafil (¥23EHTCZEZLPGHITARR) 14. 54 521.2 129.1,99. 17 34, 38
37 Hydroxythiovardenafil G#IERR AR A MBARIE) 11.31 521.2 167.07, 99. 1 70, 38
38 Hydroxyvardenafil (¥ FEAHBARE) 4.90 505. 2 312.1, 151.0° 46, 54
39 Imidazosagatriazinone (JJE G A TSR ) 18.03 313.2 285.17, 256.0 26, 34
40 Isobutylsildenafil (5 T ZL PG HIIBE) 12.31 489.2 297.1, 100. 17 46, 34
41 Lodenafil carbonate (% HuAIB-{E i R 1k ) 11.07 518.3 283.0°, 112.2 53, 38
42 Mirodenafil CKkZARIE) 13.13 532.3 296.1°, 99. 1 46, 46
43 Mutaprodenafil CIEAE HbABIE ) 13.43 630.2 312.1, 141.9 46, 30
44 N-Boc-N-desethyl acetildenafil 12.50 539.3 439.2",99. 1 18, 46

(N-UT 4RI -N-25 ZFELT AR )

45 N-Butyltadalafil (N- T 2tk i3l ) 17.26 432.2 310. 17, 135.0 14, 30

46 N-Desethylacetildenafil (N-2% 2, 22T HiABIE ) 5.09 439.2 166.0, 99. 1" 58, 34
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No. Compound 1/min Precursor ion(m/z) ~ Daughter ion(m/z) ~ CE(V)
47 N-Desethylvardenafil (N-2% Z, &R ARIE) 8.58 461.2 312.1, 151.0° 38, 58
48 N-Desethyl-N-methylvardenafil (N-75 2, 3-N-H A& A8 E ) 5.10 475.0 312.0, 151.0° 46, 50
49 N-Desmethylsildenafil (N-25 F 35 PG I3 R ) 9.43 461.2 311.1, 283.0° 34, 42
50 N-Ethyltadalafil(N-Z, 3 AbikFi gl ) 15.54 404.2 282.17, 135.0 10, 26
51 Nitrodenafil (fi§ HiIAIBIE ) 17. 67 358.2 330. 1, 284. 1 26, 34
52 N-Octylnortadalafil (N-=f 1 25 F b ik Fr k) 18.63 488.3 366.2", 169.0 14, 50
53 Noracetildenafil IS ZL 3 ARAR ) 5.82 453.2 166.0, 97. 1" 58, 34
54 Norneosildenafil (F 5 7g HiFIBE ) 18. 12 460.0 299.1, 282.9° 42,42
55 Norneovardenafil (IS LA HITBE ) 8.25 357.2 329.1, 151.0° 26, 34
56 Nortadalafil (25 F Ak 7l ) 12. 00 376. 1 254.0, 204.0° 10, 70
57 N-Phenylpropenyltadalafil (N-2 P s 3 Ak F7 3k ) 17. 64 505.2 383.0", 261.9 20, 35
58 0-Desethylsildenafil (0-2 Z 2 VG b HF ) 10. 29 447.2 299. 1, 283.0° 34, 30
59 Oxohongdenafil (FZT AR ) 9.92 481.3 410.27, 297. 1 34, 50
60 Piperazonifil (WRIEFARE ) 5.77 483.2 436.2", 166.0 34, 58
61 Piperiacetildenafil (ZRBEREZT HITIBE) 8.47 438.2 297.1,98.1° 42, 34
62 Propoxyphenyl aildenafil (P 48283 & IR AL ) 11.73 503. 2 283.0°, 113.2 38, 34
63 Propoxyphenyl hydroxyhomosildenafil 10. 90 519.2 283.0, 99.1° 46, 42
(N RS IS ST AR )
64 Propoxyphenylisobutyl aildenafil (P54 783 5 T 23 HARAE) 12.82 517.3 297.3", 113.1 42, 34
65 Propoxyphenylsildenafil (P %253 P4 R AR ) 11.08 489.2 283.1, 166.2 45, 65
66 Propoxyphenyl thioaildenafil (PN R R IEARAC I HARAR) 16. 42 519.2 299.0°, 113. 1 38, 34
67  Propoxyphenyl thiohomosildenafil (B A FEAACSEHFAMARIE)  16.20 519.2 299.07, 113.1 42, 34
68 Propoxyphenyl thiohydroxyhomosildenafil 15.91 535.2 299.1,99.1" 42, 42
(AR B IRA R RS LV IR )
69 Propoxyphenyl thiosildenafil (P4 4% % 351 C PG AR E ) 16. 10 505. 2 313.1, 299.0° 42, 42
70 Pseudovardenafil (P &R ) 16. 61 460. 0 312.1, 151.0° 42, 50
71 Pyrazole N-desmethylsildenafil (5 N-Z5 H 5L PG IR ) 4.70 461.2 269.0, 100. 17 42, 30
72 Sildenafil (PG R ) 9.58 475.0 283.1, 100. 17 46, 30
73 Sildenafil dimer impurity (P4 AR — SRR AL R) 16. 65 835.2 312.0, 283.1 70, 66
74 Sildenafil impurity 12(P§HARAEZL 5 12) 16. 09 499.2 343.0°, 371. 1 42,26
75 Sildenafil impurity 14(P§HIARAEZL 5 14) 15.92 485.2 343.0, 371.1° 38, 26
76 Sildenafil N-oxide ( F§ b ARIE N-42 k4 ) 15.10 491.2 312.0,99. 17 40, 38
77 Tadalafil (fb ik F79E) 13.53 390.0 135.0, 268.0° 10, 13
78 Tadalafil dichloro impurity (fillik Rk — 51022 5) 17.91 461. 1 204.07, 135.0 78, 22
79 Thioaildenafil (BifXSCHLARAE ) 15.55 505.2 113.1°,99. 1 34, 42
80 Thiohomosildenafil (B AR S5 PH HIARE ) 15.77 505.2 299.0, 113.1° 46, 34
81 Thioquinapiperfil (FEPENRIE) 4.86 449.2 204.07, 186.0 22, 42
82 Thiosildenafil (Fift 74 HbARE ) 15. 12 491.2 299.0, 100. 17 42, 30
83 Udenafil (2 #b753E ) 11.07 517.3 283.07, 112.1 50, 38
84 Vardenafil (& HIIBIE ) 5.42 489.2 299.0, 151.0° 49, 53
85 Vardenafil acetyl analogue (fRH1IIBIE 2 FEEZE 1) 4.25 438.2 151.0, 98. 1" 54, 34
86 Vardenafil dimer(fRHBHIE R 14 ) 16. 65 835.5 312.1, 151.1° 70, 125
87 Vardenafil N-oxide (fZHbHRIE N-4164)) 4.95 505. 2 312.1, 151.0° 46, 74
88 Vardenafil oxopiperazine (& s AR=IF R & i ) 8.56 475.0 312.1, 151.0° 42,58
89 Xanthoanthrafil (CEBEREARE) 14.07 390.2 151.07, 107.0 10, 74
90 Yohimbine(H ¥ 1) 4.39 355.2 212.0, 144.0 26, 34

*: quantitative ion
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Fig. 1 TIC chromatogram of 90 nafils
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Fig. 2 Ton maps of several classes of compounds prone to interference
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MALE + 20% 2 N, B ZBEAN T
2.5 ZMSeERAHR

ST - K (1 1D BB RS 25 R FE K, 0. 05 ~ 50. 0 we/L I RAbRHEIR SV, (ERALi
W — FOS A T T HPLC — MSIMS 53T LLFAE I B B AR AR (v, pe/L), R85 10 s Th ALK
YR () A IR 2. 550, Q0 FISIERREIRTEO. 05 ~ 50. 0 ne/LIBHN LR R IF, 6
RHA)YIRT0.999, 3B EAT B RSP A ERES T R IR, LUEMEEL (SIN) A 3 TRk
B (LOD), S/N =105 E 8 FRL0Q), HBE%& HF#LAYH LODFILOQ 4 H40. 5 ~ 10. 0 pg/kg Fl
1.25~25.0 pe/kg(WL£2),

2 90MHRAEZM IR ENENEE . AR (LOD) . 2 TR (LOQ) . MR KA bR 2% (RSD)
Table 2 Linear ranges, LODs, LOQs, recoveries and RSDs of 90 nafils

Linear range B LOD LOQ Added White spirit Brandy Ginseng liquor

No. (pg/L) g (pglkeg)  (pgrkg)  (pe/kg) Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
1 0.5~20.0 0.999 1 5.0 12.5 12.5 82.0~92.8 5.7 82.0~89.6 3.7 84.0~96.3 6.6
25.0 85.6~98.9 4.1 85.7~97.3 4.6 85.0~98.1 4.8
125 89.3~97.2 6.3 88.0~96.7 5.4 86.7~98.8 3.5
2 1.0~50.0 0.999 7 10.0 25.0 25.0 81.6~98.6 3.9 81.6~89.2 8.7 81.6~99.5 6.9
50.0 89.9~97.7 4.5 89.3~98.6 2.6 87.0~99.6 5.8
250 81.4~89.2 3.2 82.1~098.1 2.9 92.3~99.8 2.1
3 0.5~20.0 0.999 4 5.0 12.5 12.5 86.9~098.3 4.2 81.1~95.3 3.3 81.5~91.9 7.1
25.0 91.8~98.6 4.2 86.5~ 101 4.3 87.2~98.6 3.9
125 95.4 ~104 7.3 88.5~ 108 5.4 90.0 ~ 104 4.9
4 0.05~10.0 0.9994 0.5 1.25 1.25 88.2~91.2 4.4 87.3~96.5 3.3 83.6 ~ 101 4.8
2.5 91.6 ~ 102 2.5 95.6 ~ 102 4.8 91.0~ 102 3.9
12.5 89.9 ~ 101 2.4 98.6 ~ 104 3.1 92.3~102 4.5
5 0.5~20.0 0.999 7 5.0 12.5 12.5 87.5~96.3 5.2 84.9 ~ 100 6.7 91.6 ~ 101 5.5
25.0 85.6 ~ 101 7.1 85.9 ~ 105 6.3 86.6~99.5 9.1
125 90.6 ~ 102 5.5 90.0 ~ 105 6.3 87.9 ~ 101 6.9
6 1.0~50.0 0.999 9 10.0 25.0 25.0 89.0~97.3 3.2 88.7~98.4 3.7 92.5~99.7 3.7
50.0 89.7 ~ 101 4.6 93.8 ~ 104 3.7 92.6 ~ 104 5.3
250 92.7 ~ 100 6.6 82.6 ~ 100 4.6 88.7~98.3 2.9
7 0.1~10.0 0.9999 1.0 2.5 2.5 84.3 ~ 100 3.1 84.5~99.6 3.5 85.1~102 8.3
5.0 81.2~98.3 4.2 82.1~98.7 3.4 88.0~98.7 5.2
25.0 91.3~102 4.6 83.7 ~ 104 7.4 89.1~ 101 4.9
8 0.2~20.0 0.999 6 2.0 5.0 5.0 82.9~93.4 2.8 81.6~89.6 3.7 81.4~92.3 5.2
10.0 89.0~98.4 5.3 91.2~98.8 4.8 83.4~95.1 3.6
50.0 88.3~99.3 3.1 88.8 ~ 101 2.3 89.2~98.7 3.9
9 0.5~20.0 0.999 7 5.0 12.5 12.5 92.7~104 3.7 86.3~96. 1 4.9 87.3~102 5.7
25.0 93.2 ~109 4.8 93.7 ~102 4.7 91.7 ~ 101 6.3
125 94.3 ~100 9.3 81.1~93.5 7.2 86.0~99.6 3.3
10 0.1~10.0 0.999 9 1.0 2.5 2.5 94.7 ~ 101 3.9 87.8~95.2 4.2 82.6~98.1 5.7
5.0 93.5~103 4.8 86.2~95.6 3.6 85.8~99.3 4.6
25.0 91.1~104 5.4 83.9~96.8 2.6 83.6~98.2 3.6
11 0.2~20.0 0.999 5 2.0 5.0 5.0 80.4 ~96.9 4.5 80.5~91.3 4.2 80.4~091.1 7.1
10.0 92.5~102 3.9 90. 6 ~ 100 4.8 88.7 ~ 102 5.5
50.0 98.1~103 4.8 93.9 ~ 104 3.2 90.6 ~ 103 2.7
12 0.1~10.0 0.9995 1.0 2.5 2.5 84.7~98.1 3.9 84.8~94.4 5.3 84.8~98.3 6.8
5.0 81.2~88.9 3.1 81.3~90.0 2.6 82.7~89.8 3.6
25.0 97.1~105 3.5 86.9~93.6 3.9 81.3~091.1 3.8
13 0.1~10.0 0.9999 1.0 2.5 2.5 80.0~ 103 2.7 80.1~85.6 5.4 80.0~96.0 8.6
5.0 80.9~91.8 5.1 81.0~91.7 3.5 81.9~91.5 6.2
25.0 97.2 ~107 8.8 80.2 ~ 102 9.6 85.0~92.3 4.8
14 0.1~10.0 0.999 8 1.0 2.5 2.5 80.5~88.6 2.2 80.2~85.1 9.1 80.0~98.2 9.6
5.0 88.2~98.3 4.9 88.3~98.1 3.7 90.4~99.9 5.7
25.0 90.9~95.7 6.3 81.1~95.8 5.6 88.3 ~ 100 2.9
15 0.1~10.0 0.9995 1.0 2.5 2.5 81.4~97.7 2.1 80.4 ~85.6 6.8 80.1~97.9 7.4
5.0 81.7 ~86.4 2.2 82.0~86.5 1.3 82.6~86.3 2.8
25.0 85.0~91.2 3.1 80.8 ~ 88.7 6.5 82.0~89.5 3.2
16 0.5~20.0 0.999 4 5.0 12.5 12.5 89.5~92.3 3.2 89.7~97.2 4.2 89.9 ~ 101 6.3
25.0 81.9~89.8 3.2 82.0~90.2 3.1 81.8~90.0 4.1
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(g3%2)
No Linear range 2 LOD LOQ Added White spirit Brandy Ginseng liquor
’ (pg/L) (ng/kg)  (pg/kg) (pgrkg)  Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
125 86.6 ~ 102 7.1 87.3~102 6.1 82.0~92.5 4.5
17  0.05~10.0 1.0000 0.5 1.25 1.25 93.7~103 3.9 87.2~102 6.8 87.4~96.2 5.7
2.5 85.4~102 7.1 85.1~96.3 4.4 94.1~102 4.6
12.5 80.1~95.0 2.8 80.3~87.5 5.2 80.1~93.9 7.8
18 0.2~20.0 0.9993 2.0 5.0 5.0 85.6~95.3 3.8 85.8~95.4 3.2 85.7~95.2 4.4
10.0 96.4 ~ 102 4.6 90.2 ~ 102 2.6 85.8~99.0 5.1
50.0 83.4~94.4 3.3 83.6~92.5 5.2 84.9~98.7 7.1
19 0.2~20.0 0.999 8 2.0 5.0 5.0 86.8~94.1 3.8 86.9~94.4 3.1 86.1~94.2 4.3
10.0 87.6~97.6 7.2 83.7~98.8 8.4 86.9~96.3 4.5
50.0 89.6 ~105 4.2 89.8~94.3 8.2 83.3 ~ 101 7.4
20 0.2~20.0 0.999 8 2.0 5.0 5.0 90.3~95.5 3.1 90.4~97.8 3.4 88.6~97.6 7.6
10.0 87.5~95.6 5.6 91.2~103 4.5 90.4 ~ 101 3.5
50.0 82.4~91.8 4.1 81.6~91.9 8.2 82.4 ~ 103 8.9
21 0.2~20.0 0.9997 2.0 5.0 5.0 80.5~89.5 3.5 80.7 ~89.5 3.9 80.6~89.4 4.5
10.0 86.2 ~ 102 8.1 81.7 ~102 7.6 80.7 ~ 101 6.2
50.0 82.2 ~100 1.9 80.6 ~85.0 5.6 80.4 ~ 102 9.9
22 0.1~10.0 0.999 7 1.0 2.5 2.5 92.7~105 6.2 92.8 ~ 101 5.6 90.9 ~ 103 7.4
5.0 87.6~90.2 4.3 80.6 ~90.4 4.8 92.8~98.2 1.9
25.0 94.7 ~98. 8 2.3 94.5~97.8 2.3 88.9~98.0 4.2
23 0.5~50.0 0.9999 5.0 12.5 12.5 94.5 ~ 104 3.9 94.6 ~ 104 3.6 94.5 ~ 104 4.5
25.0 90.9 ~99. 8 3.4 91.0~99.9 3.3 90.1~99.7 3.6
125 98.1~102 5.8 89.1~103 3.7 91.0~99.9 2.6
24 0.1~10.0 0.999 7 1.0 2.5 2.5 83.3~92.3 3.2 82.5~87.8 3.9 82.4 ~ 104 9.8
5.0 88.6~99.5 4.2 88.7~99.6 3.1 91.3~99.4 4.5
25.0 87.7~98.7 7.2 85.7~98.9 6.1 88.7~99.6 5.5
25 0.5~20.0 0.999 1 5.0 12.5 12.5 87.8~95.5 3.1 88.0~96.3 3.2 89.8~96.8 7.1
25.0 90.5~99.5 3.8 90.0~99.6 4.3 87.7~99.4 4.0
125 91.7 ~ 102 6.9 91.0~ 105 4.5 90.6 ~ 103 3.3
26 0.5~20.0 0.9999 5.0 12.5 12.5 83.0~93.5 4.6 83.2~93.8 5.1 84.2~93.9 6.2
25.0 85.2~98.6 4.2 88.8 ~ 100 5.2 85.1~99.8 4.4
125 86.3~95.9 7.6 89.5~ 101 6.1 90.3 ~ 101 3.7
27 0.1~10.0 0.999 8 1.0 2.5 2.5 93.8 ~ 101 3.5 89.0~ 104 3.5 92.7 ~ 104 5.3
5.0 93.4~102 2.5 93.2~98.8 5.5 86.7 ~ 103 6.1
25.0 88.7 ~ 100 2.6 93.3~99.3 3.1 93.5~98.8 5.5
28 0.1~10.0 0.9995 1.0 2.5 2.5 88.1~102 7.2 81.9~96.3 3.4 87.2~97.1 7.2
5.0 87.8 ~ 103 7.2 88.2 ~ 101 8.3 80.0 ~ 104 5.8
25.0 87.4~92.5 5.2 92.6 ~ 100 4.6 89.4~908.2 4.1
29 0.1~10.0 0.999 7 1.0 2.5 2.5 88.7~96.3 3.2 86.7~94.1 6.2 86.6 ~ 105 6.3
5.0 85.8~93.9 3.4 85.9~94.0 3.9 83.3~93.8 4.2
25.0 78.3 ~ 101 2.3 82.4~92.2 3.9 86.3~98.6 7.2
30 0.5~20.0 0.999 8 5.0 12.5 12.5 82.2~96.3 3.5 83.7~95.9 3.3 89.7~95.4 4.2
25.0 86.7~99.2 3.9 86.3~99.2 2.4 91.7~99.3 2.4
125 85.4~97.5 3.6 80.8 ~ 88.7 5.7 81.8~98.6 7.7
31 0.5~20.0 0.999 5.0 12.5 12.5 85.6 ~ 100 3.3 81.3~091.1 3.3 85.2~92.9 5.5
25.0 87.0~96.4 4.2 88.3~97.9 2.7 82.3~96.4 2.1
125 83.6~99.9 2.8 81.4~89.4 8.4 85.0~97.8 8.6
32 0.1~10.0 0.9999 1.0 2.5 2.5 85.1~95.0 2.1 81.5~89.3 2.5 81.1~89.1 3.1
5.0 82.6~96.9 3.7 86.5~93.5 6.3 82.5~99.9 4.5
25.0 88.8~96.9 2.7 96.2 ~ 103 3.1 86.0~99.7 4.1
33 0.1~10.0 0.9993 1.0 2.5 2.5 92.2 ~ 104 3.8 89.5~ 101 2.4 91.3~101 3.7
5.0 93.8 ~ 101 3.1 96.4 ~ 102 3.3 92.1~102 4.1
25.0 81.2~97.7 5.2 81.4~89.8 4.3 83.1~102 9.2
34 0.5~20.0 0.9999 5.0 12.5 12.5 80.0~83.2 2.3 80.3~84.9 3.5 80.6~90.0 5.5
25.0 88.6 ~ 102 8.2 81.9~95.6 8.7 80.3~92.3 5.2
125 93.0 ~ 104 3.2 93.1~102 4.1 93.0 ~ 104 5.3
35 0.1~10.0 1.000 0 1.0 2.5 2.5 92.0~ 102 3.4 92.1~102 4.1 90.3 ~ 101 4.7
5.0 92.1~99.7 2.7 90.5~97.3 1.3 92.1~102 3.7
25.0 80.4~96.3 2.9 81.4~85.6 9.7 81.0 ~ 101 8.7
36 0.1~10.0 0.999 8 1.0 2.5 2.5 80.1~85.7 2.1 80.4 ~85.6 2.6 80.5~83.2 3.6
5.0 89.5~102 7.7 80.3 ~ 105 9.2 80.4~98.8 6.4




555 PR SR OO i — R IBE ST I [ I A AR B HC P T 90 FMIR AR SR T 527

(8:%2)
No Linear range 2 LOD LOQ Added White spirit Brandy Ginseng liquor
’ (pg/L) (ng/kg)  (pg/kg) (pgrkg)  Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
25.0 80.1~86.9 2.6 80.1~95.9 8.2 80.0 ~ 101 7.3
37 0.2~20.0 1.000 0 2.0 5.0 5.0 93.0 ~ 105 6.1 91.5~102 6.8 86.3 ~ 101 7.2
10.0 91.3~97.5 3.9 85.9~92.6 4.8 92.3~98.1 2.4
50.0 97.3~105 3.6 95.2 ~ 104 4.6 93.7 ~ 105 4.8
38 0.2~20.0 0.999 5 5.0 12.5 12.5 97.8 ~ 102 1.6 92.9 ~ 101 4.3 92.4 ~100 2.5
25.0 93.5~99.4 1.2 95.8~98.5 1.4 97.3 ~101 3.2
125 91.7~103 4.6 91.0~ 101 2.6 90.8~99.0 5.5
39 0.1~10.0 1.000 0 1.0 2.5 2.5 93.4 ~ 103 2.9 92.5~ 105 4.5 93.3~101 4.7
5.0 98.2 ~ 104 4.4 94.0 ~ 105 2.4 97.7 ~ 105 3.1
25.0 80.3 ~ 104 1.4 80.1~83.3 8.7 80.8 ~ 104 9.6
40 0.2~20.0 0.9999 2.0 5.0 5.0 80.4 ~ 86. 1 2.6 81.1~87.3 2.6 80.2 ~86.9 2.9
10.0 87.5~104 9.6 80.5 ~ 105 9.5 81.1~102 8.9
50.0 82.0~96.2 2.5 80.4 ~ 86.4 5.1 81.7~94.7 7.2
41 0.2~20.0 0.999 4 2.0 5.0 5.0 87.9~95.3 4.2 85.1~96.4 5.7 81.8~96.2 4.3
10.0 88.6 ~ 102 8.6 82.4~98.7 5.9 88.1~96.8 6.2
50.0 82.5~99.1 2.7 82.7~89.2 4.2 82.0~ 104 7.6
42 0.2~20.0 0.999 4 2.0 5.0 5.0 92.0~ 101 4.1 90.3 ~ 101 4.2 86.7~97.6 4.2
10.0 89.1~103 6.6 85.9 ~ 101 6.4 92.2~102 4.6
50.0 84.7~95.3 3.2 84.8~93.3 5.9 84.7 ~ 100 7.7
43 0.2~20.0 0.999 6 5.0 12.5 12.5 91.9 ~ 104 5.8 92.1~103 5.2 89.9~95.4 5.4
25.0 89.5~94.3 3.6 80.6~94.5 6.3 92.1~97.7 2.7
125 80.7 ~96. 1 5.6 80.8 ~89.9 4.5 81.6~91.3 7.2
44 0.1~10.0 0.999 8 1.0 2.5 2.5 88.7 ~ 100 4.5 88.8 ~ 100 4.6 87.7 ~ 100 5.2
5.0 88.8 ~ 102 7.4 92.3~102 4.6 88.8 ~ 103 6.2
25.0 85.8~96.9 4.6 83.6~96.9 5.6 80.8 ~96.7 6.8
45 1.0~50.0 0.999 6 10.0 25.0 25.0 78.3~85.3 2.3 82.4~902.2 3.9 86.3~98.6 5.2
50.0 82.2~96.3 3.5 83.7~95.9 3.3 89.7~95.4 4.3
250 86.7~99.2 3.6 86.3~99.2 5.4 91.7~99.3 3.4
46 1.0~50.0 0.999 6 10.0 25.0 25.0 85.4~94.5 3.6 80.8 ~ 88.7 3.7 81.8~98.6 7.1
50.0 85.6 ~ 100 5.3 81.3~91.2 4.3 85.2~92.9 5.5
250 87.0~96.4 4.2 88.3~97.9 2.7 82.3~96.4 5.1
47 0.1~10.0 0.9999 1.0 2.5 2.5 83.6~99.9 4.8 81.4~89.4 3.4 85.0~97.8 7.6
5.0 85.1~90.0 2.1 81.5~89.3 2.5 81.1~89.1 3.1
25.0 82.6~96.9 3.7 86.5~93.5 4.2 82.5~92.9 5.3
48 0.5~20.0 0.999 9 5.0 12.5 12.5 88.8~96.9 4.7 96.2 ~ 103 3.1 86.0~99.7 4.1
25.0 92.2 ~104 3.8 89.5~ 101 2.4 91.3~ 101 3.7
125 93.8 ~ 101 3.1 96.4 ~ 102 3.3 92.1~102 4.1
49 0.5~20.0 0.999 3 5.0 12.5 12.5 87.3~98.6 4.2 87.4~98.4 4.5 86.3 ~ 101 7.5
25.0 88.1~96.5 3.1 88.2~96.5 3.4 87.8 ~96.4 4.7
125 88.2~95.2 7.6 84.0~96.3 4.7 88.2~97.5 3.5
50 0.1~10.0 0.9999 1.0 2.5 2.5 80.8~95.3 7.6 80.5~94.4 6.6 80.9 ~ 103 9.6
5.0 80.5~87.8 3.7 80.0 ~ 88.7 2.9 80.0~88.0 3.8
25.0 89.2~97.1 5.2 81.5~93.0 6.8 86.1~92.7 3.6
51 0.1~10.0 1.000 0 1.0 2.5 2.5 81.1~99.3 7.4 80.5~93.9 6.1 80.2~96.2 8.6
5.0 89.5~95.9 3.2 89.6 ~96.1 2.2 89.9~95.6 3.7
25.0 89.1~ 101 6.9 80.2 ~ 101 9.6 89.6 ~ 101 5.4
52 0.2~20.0 0.999 6 2.0 5.0 5.0 87.2~100 5.3 87.3~99.3 3.9 90.0 ~ 100 6.5
10.0 88.7 ~ 101 6.5 88.8~99.4 6.8 84.3 ~ 102 7.1
50.0 93.0~ 104 7.8 84.8 ~ 101 6.6 88.8~92.6 5.9
53 0.2~20.0 0.999 1 2.0 5.0 5.0 82.5~90.7 3.3 82.6~90.8 3.9 82.5~90.7 4.2
10.0 91.9~102 3.1 92.1~ 104 5.2 95.3~103 3.3
50.0 95.4~102 2.5 97.6 ~ 103 1.4 96. 1~ 104 3.9
54 0.2~20.0 1.000 0 2.0 5.0 5.0 83.1~98.9 6.4 85.2~91.5 4.5 86.7~99.1 7.1
10.0 83.4~92.6 6.5 83.5~92.8 5.6 84.9~89.1 3.9
50.0 93.8 ~102 4.9 88.6~95.5 3.4 83.5~93.8 4.8
55 0.1~10.0 0.999 9 1.0 2.5 2.5 81.0~94.5 7.6 81.0~88.5 5.1 81.0~93.7 6.8
5.0 93.2~104 5.7 91.9 ~ 101 3.2 88.8 ~ 101 4.7
25.0 92.0~95.5 2.4 80.3~95.5 7.9 93.4 ~ 101 3.9
56 0.5~20.0 0.999 3 5.0 12.5 12.5 80.9 ~93.8 4.5 80.6~93.0 5.2 80.4 ~96.9 8.1
25.0 80.1~87.9 3.1 80.1~88.1 3.2 80.0~87.3 5.2
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(8:%2)
No Linear range 2 LOD LOQ Added White spirit Brandy Ginseng liquor
’ (pg/L) (ng/kg)  (pg/kg) (pgrkg)  Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
125 92.1~105 3.9 80.3 ~ 100 6.8 80. 1~ 102 7.3
57 0.1~10.0 0.999 9 1.0 2.5 2.5 96. 8 ~ 100 1.8 87.0~95.6 2.4 91.8 ~ 101 4.5
5.0 89.9~99.6 6.9 94.0 ~ 104 4.1 89.6~99.6 4.5
25.0 95.9 ~ 101 3.9 94.2 ~ 105 2.2 94.0 ~ 104 4.6
58 0.2~20.0 0.999 5 2.0 5.0 5.0 86.3 ~ 102 7.5 85.0~91.6 3.5 84.8~99.5 7.7
10.0 84.7~96.2 6.2 84.8 ~96.2 3.9 84.7~95.9 5.3
50.0 91.1~100 3.4 93.1~ 101 2.2 84.8~97.3 6.5
59 0.5~20.0 0.999 7 5.0 12.5 12.5 81.4~92.8 5.4 81.5~86.5 3.4 81.6~103 9.2
25.0 88.3~97.1 5.1 87.0~92.8 3.5 83.1~98.6 3.9
125 93.7~102 3.5 91.4 ~98.7 3.3 88.5~99.2 4.5
60 0.5~20.0 0.9993 5.0 12.5 12.5 85.2~92.3 5.7 81.8 ~86.6 2.5 82.5~102 7.7
25.0 87.6 ~ 100 6.8 86.0~95.6 5.7 91.1~101 4.1
125 86.4~93.5 5.6 80.3~90.1 4.1 86.0~92.6 3.5
61 0.1~10.0 0.9999 1.0 2.5 2.5 80.6 ~ 105 3.9 80.7 ~90.2 8.6 80.6 ~ 104 7.2
5.0 80.6 ~88.3 4.1 80.6 ~89.6 3.3 81.2~89.1 3.9
25.0 95.6 ~103 2.8 80.2~92.5 7.7 80.6~91.2 3.2
62 0.2~20.0 0.9999 2.0 5.0 5.0 91.1~95.4 2.8 89.2~95.6 2.7 91.1~98.4 3.7
10.0 87.0~96.8 5.7 95.2~102 4.3 95.3~103 4.1
50.0 94.1~ 101 4.3 96.6 ~ 102 1.6 96. 8 ~ 102 3.5
63 1.0~50.0 0.999 9 10.0 25.0 25.0 83.6 ~ 100 6.3 83.7~92.7 5.6 83.6 ~ 100 6.6
50.0 84.7~97.2 6.3 84.8~97.3 5.9 84.3~97.1 5.1
250 93.8 ~ 101 5.4 90.8 ~ 102 4.9 84.8~99.6 6.6
64 0.1~10.0 0.999 8 1.0 2.5 2.5 85.0~93.6 3.4 87.5~95.6 3.1 85.1~99.6 3.2
5.0 91.6 ~ 101 3.8 90.6 ~ 101 4.9 91.6 ~ 103 4.5
25.0 96.7 ~ 102 3.2 91.0~99.9 3.1 88.6~98.6 2.7
65 0.5~20.0 0.999 6 5.0 12.5 12.5 89.7~96.4 2.5 89.8 ~96.2 5.2 84.9~99.9 6.7
25.0 88.8~99.2 3.1 88.9~98.0 3.8 87.6~97.8 4.7
125 93.0 ~ 104 6.9 89.5~104 4.6 85.9 ~ 104 7.6
66 0.2~20.0 0.999 8 2.0 5.0 5.0 86.1~102 6.4 86.2~92.4 3.2 85.8 ~ 102 6.4
10.0 80.4~96.3 5.2 80.6 ~ 86.4 3.3 80.5~86.3 2.9
50.0 86.5~102 6.5 84.2~102 6.9 80.6 ~ 102 8.2
67 0.2~20.0 0.999 7 2.0 5.0 5.0 83.1~102 7.9 83.3~92.0 4.7 86.2 ~ 101 6.7
10.0 86.1~95.1 4.3 84.2~95.2 4.7 81.5~95.0 4.3
50.0 88.6 ~ 101 5.6 88.8 ~ 101 5.8 86.2 ~ 104 6.9
68 0.2~20.0 0.9999 2.0 5.0 5.0 89.5~104 5.2 89.7 ~ 100 5.6 91.0~ 102 6.5
10.0 88.6~96.2 3.5 86.4~96.3 5.8 82.6~96.1 4.6
50.0 91.4~103 5.5 88.9~103 5.4 88.8 ~ 103 5.2
69 0.2~20.0 0.999 9 2.0 5.0 5.0 84.9~95.6 3.3 85.0~93.0 5.8 86.5 ~102 9.9
10.0 81.6~90.3 3.9 82.4~96.3 3.9 82.3~90.2 4.4
50.0 90.4 ~ 101 8.2 81.2~102 8.6 80.6 ~ 101 6.3
70 0.5~20.0 0.999 8 5.0 12.5 12.5 91.6~99.6 5.2 85.3~99.7 6.7 91.6~99.5 5.6
25.0 94.1~103 3.8 92.9 ~ 103 7.7 92.8 ~ 103 4.2
125 96.9 ~ 102 3.6 94.0 ~ 105 5.4 92.9 ~ 103 4.7
71 0.1~10.0 0.999 8 1.0 2.5 2.5 86.4~95.1 5.6 83.6~91.4 5.4 83.4~103 8.1
5.0 80.5~87.3 2.6 80.3 ~ 86.4 2.5 82.7~87.5 4.6
25.0 92.2 ~100 5.6 80. 1~ 101 9.3 88.3 ~ 101 4.7
72 0.2~20.0 1.000 0 2.0 5.0 5.0 80.7~95.8 3.5 80.6 ~ 89.4 2.8 80.5~96.0 6.5
10.0 82.3~91.3 4.4 82.4~91.4 6.5 82.5~91.2 4.7
50.0 88.9~102 7.8 87.0 ~ 101 4.9 82.4 ~ 103 6.3
73 1.0~50.0 0.999 4 10.0 25.0 25.0 88.4 ~ 105 3.9 88.6~95.9 6.5 85.6 ~ 105 7.8
50.0 85.4~94.3 3.5 85.5~94.4 4.8 83.2~94.2 4.6
250 87.5~101 6.5 85.4 ~ 101 6.7 85.5~94.4 3.9
74 0.1~10.0 0.999 9 1.0 2.5 2.5 88.7~98.6 6.2 88.4~95.8 5.2 88.5~ 104 7.3
5.0 93.3~102 3.7 93.5~ 104 3.7 93.4 ~ 104 4.1
25.0 97.3 ~ 103 5.5 92.1~99.6 3.4 93.5~104 3.9
75 0.5~10.0 0.999 8 0.5 1.25 1.25 81.2 ~ 104 7.6 80.5~91.7 8.2 82.4 ~102 8.6
2.5 80.2~88.3 3.2 80.5~89.1 2.0 80.4~92.2 4.2
12.5 89.2~98.6 8.8 83.0~98.6 6.6 80.5~98.6 7.8
76 0.2~20.0 0.9995 2.0 5.0 5.0 83.1~95.6 5.1 83.2~86.2 3.2 83.1~102 6.6
10.0 81.4~89.1 2.3 81.3~89.6 4.1 80.8 ~ 86.2 3.7
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No Linear range 2 LOD LOQ Added White spirit Brandy Ginseng liquor
’ (pg/L) (ng/kg)  (pg/kg) (pgrkg)  Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
50.0 89.3~96.9 5.8 81.0~92.9 4.8 81.4~91.6 3.2
77 0.5~20.0 1.000 O 5.0 12.5 12.5 80.9~95.3 5.4 81.0~92.0 5.6 80.9~95.5 6.3
25.0 80.1~92.4 3.8 80.3~85.1 2.5 80.2 ~88.9 3.3
125 94.6 ~ 102 6.5 88.2~96.3 4.4 80.3~97.9 3.8
78 0.5~20.0 0.999 9 5.0 12.5 12.5 90.6 ~ 103 2.8 89.8~98.1 4.3 90.9 ~ 101 6.3
25.0 85.5~91.6 2.6 85.1~91.6 3.3 83.0~91.5 2.9
125 86.7 ~ 101 6.1 87.6 ~ 101 3.6 85.6~99.1 3.2
79 0.5~20.0 1.000 0 5.0 12.5 12.5 82.5~93.2 5.3 80.8 ~89.0 4.6 81.7~98.4 6.1
25.0 82.4~93.9 4.4 82.4~94.0 4.4 82.3~93.8 5.9
125 92.7~99.9 6.6 83.9~98.6 5.1 82.4~99.8 5.3
80 0.2~20.0 0.999 7 2.0 5.0 5.0 83.2~99.3 6.9 83.4~90.7 3.1 84.7~98.5 8.3
10.0 81.2~92.0 3.1 84.2~92.1 3.9 84.0~92.0 4.4
50.0 88.1~104 6.3 90.5~ 104 3.2 85.2~102 6.8
81 0.1~10.0 0.999 7 1.0 2.5 2.5 88.0~97.6 4.2 88.0~96.3 3.2 88.0~96.1 5.0
5.0 91.8 ~ 102 5.6 85.4~98.6 6.3 93.1~101 5.9
25.0 89.2 ~ 101 4.7 84.4 ~102 7.3 92.9~98.6 2.9
82 0.2~20.0 1. 000 O 2.0 5.0 5.0 84.2 ~ 103 6.2 83.9~091.6 5.8 82.1~99.9 7.6
10.0 82.1~89.3 4.1 80.4~89.3 3.4 80.2 ~86. 1 2.3
50.0 86.4 ~ 102 6.1 80.4 ~ 103 8.3 81.5~93.5 6.3
83 0.2~20.0 0.999 6 2.0 5.0 5.0 80.0~90.8 3.9 82.1~88.8 2.8 82.0~98.6 7.9
10.0 91.3~101 5.2 86.8~99.1 3.3 89.9~98.3 4.7
50.0 80.9 ~ 86.8 4.6 85.8~91.7 2.8 80.9 ~89.1 3.8
84 0.5~20.0 0.999 5 5.0 12.5 12.5 83.2~99.7 3.0 83.4~90.4 6.2 84.1~99.9 6.8
25.0 91.4 ~ 100 6.5 82.7 ~ 100 8.1 82.3~91.2 4.7
125 92.3~101 4.8 82.1~91.3 5.1 91.5~ 100 5.5
85 0.1~10.0 0.999 9 1.0 2.5 2.5 83.8~92.4 5.2 83.9~92.6 6.2 83.8~99.6 8.8
5.0 91.9~102 5.6 92.1~105 4.6 88.8 ~ 102 7.5
25.0 89.1~95.0 6.1 86.1~95.1 5.4 89.1~ 101 4.8
86 0.2~20.0 0.999 7 2.0 5.0 5.0 88.9~98.4 5.7 89.1~95.8 3.2 89.4~95.6 3.6
10.0 94.3 ~ 101 4.3 92.7 ~ 104 4.4 90.0 ~ 102 5.4
50.0 96.8 ~ 102 3.2 94.3 ~ 102 2.2 94.5~ 104 6.2
87 0.2~20.0 0.999 3 2.0 5.0 5.0 81.3 ~ 100 3.3 80.3~88.9 3.8 83.7 ~ 101 8.5
10. 0 81.6~86.2 2.6 81.6~86.3 2.2 80.1~86.1 2.6
50.0 89.1~96.6 4.5 80.5~90. 1 4.5 81.6~89.8 4.4
88 0.1~10.0 0.999 5 1.0 2.5 2.5 85.2~92.3 3.2 92.3~ 101 4.2 89.6~94.6 3.5
5.0 87.4~91.2 4.6 81.6~93.9 6.7 92.3~101 3.4
25.0 90.2 ~ 101 5.3 92.8 ~ 101 4.5 92.7~101 5.1
89 0.1~10.0 0.999 7 1.0 2.5 2.5 91.2 ~ 101 3.2 92.3~101 4.6 85.4~95.3 4.5
5.0 87.4~95.2 4.6 81.6~93.9 4.7 90.3 ~ 101 5.4
25.0 90.2~98.6 3.3 92.8 ~ 101 5.5 92.7 ~ 101 5.1
90 0.1~10.0 1.000 O 1.0 2.5 2.5 85.2~90.8 3.2 82.3~97.5 7.4 85.4~92.3 3.5
5.0 87.4~91.2 4.6 81.6~91.9 5.4 90.3~97.6 3.4
25.0 90.2 ~ 101 3.3 92.8 ~ 101 3.5 89.7 ~ 101 5.1

the number were the same as those in Table 1

2.6 [EWERSHEXIRERE

AR AR o — AR TR INAE (R AR T RETE X6 ORI T RE TG 8 LA TR G B G P oA 0, Pt
AR RERE TG . E 2L NS 3 RPN A AR S M ST AT AR I R S . B
BAEEAT ., A2, KSR L mL, 2RI 1, 210 /507 ke & T IRKFIObRER i,
ATIPRIEDSCSEES . R “1. 37 M TREShATACSE, FEMRIb @i — oSSt T e, SN IbsK-FF
FFI05E 6 K, 5 J7 1 00 [l W R FOAE A bR v fh 25 (RSD) o 45 SR80, 22123 15 00 0 640 b o] Wi 256
78.3% ~ 109%, FHAFRIEMZE(RSD) A1 1. 2% ~ 9. 9% ( WL362), FEHHASHF I it 7 i) & 75 i B B 10
WERR BEFIRE 2 B, mIf 2 H R R A TR
2.7 KBREERBIRET

SR B AR T 1506 068 47 I 208 B RS RS A TR R 9T . S5 SRR, 2 IR ThBE I Hh G v AR
EESEEBENE, S8 4311 pg/LH 1720 ne/L, HAFESIAK BARIEZR 20, @hnsmxt
TR B, Pl S e TR . IR 2 P 2, R B BB S



530 Sy RS ¥ a2t

3 &

AW IENT 1 AR S BC HR v 90 FRHEZRAL G i i RO AR 3 — B IR EAR I vk . Tk
REE Y, WETRTEE, TR, JUHE T AR IR AN D Dy R Hh v IR S B 25
BRI o %07 IE AT AL PRI E IR, P ARORYE, ICRERRE , mIA 2RI S BT IR AR 2R AR TR
ISP AT ISR AT EOR SRR, AT diZ 2RI AR = 2 AR TR ISR A o ficdls, AT fRAIE
IR e ) B 54 o

Sk

[1] ShiY, WeiF, ZhuX P, XiongJ, MaSC, LinRC. Chin. J. Pharm. Anal. (£5%5, BiEE, ZRBEMG, RElE, DU,
MREGE. ST AeER), 2014, 34(1): 121-129.

[2]  YuJ, MaJM, ZhangDS, FanSF, LiQ. J. Hebei Acad. Sci. (fiili, ThiR2E, sk&HE, JU0, 2. Wlbast
SBeR), 2019, 36(2): 57 - 64.

[3]  WanYH, Lil. China Inspect. Body Lab. (J7ifit, Z5%e. hERGRAGN), 2021, 3: 16— 18.

(4] Lee ES, LeeJ H, Han KM, Kim J W, HwanglS, ChoS, HanSY, KimJ. J. Pharm. Biomed. Anal., 2013, 83
(1): 171-178.

[5]  YangS. Biotech World(Ag#%. WA #S), 2015, (7). 205.

[6] SunTT, XuY H, Zhang X M, Zheng M D. Food Res. Dev. (IMEIE, REELL, s¥THE, ML EEMREHF
&), 2018, 39(17): 197 - 204.

[7] Wang TS, Tong Y, Zheng J, Zhang Z, Gao Q, Che B Q. Chin. Pharm. J. (E8-#5, 4@, ik, sk, ==
Zige . hEZEEIRE), 2010, 45(11): 857 -861.

[8] LiQH. China Mod. Med. (Z5)34L.. HHEIYREZ), 2017, 24(21): 85-88.

(9] Cao NY, DongJ, WuD, WangS, Cen Q. Agric. Sci. Technol. Equip. CERH, W, 2, T4, 33 Rl
B HH4), 2017, 275(5): 52-54.

[10] MaW, ChengL, Zhang L W, Zhang Y C, Wang H B, Jiao Y H, Dai HH, Tang Y Z. Chin. J. Anal. Chem. (Z513f,
RO, SRZEL, SKIEE, Eigdk, A%, RUGE, ERE o), 2014, 42(5): 1162-1171.

[11] DamianoF, Silva C, Gregori A, Vacondio F, Mor M, Menozzi M, Di G D. Sci. Justice, 2014, 54(3): 228 —237.

[12] ZhangL, Zhang F C, Wang C H, Jiang Y, Xu M, Li H. Chin. J. Chromatogr. (5K3k, skiE s, EIT, e,
B, ZRMD. i), 2013, 31(9): 898 - 902.

[13] Zhang CH, LiuXL, ZhangX. Liquor Mak. (3%, XBEFS, skik. BRG), 2017, 44(4): 108 - 111.

[14] ZhangCY, LiZG, XuJL, CaiSQ. Chin. J. Health Lab. Technol. (5K3}3, ZRE, RE¥, H0FE. bETA
K Zi), 2007, 17(10): 1741 — 1742.

[15] Gao YL, WuXO, Xiao L H, Liang Z Y. Chin. Tradit. Patent Med. (TEWKAT, SPBERY, Buifl, AWM. Pk
Z4), 2009, 31(7): 1058 - 1061.

[16] WangL, Zheng X, Zhong W, ChenJ, JiangJ, HuP. J. Chromatogr. Sci., 2016, 54(5): 713 -719.

[17] XiaJT, WuWQ, ZhuSS, Jiang F, FanZY, Wang H X, Peng Q Z, Yang Z. J. Instrum. Anal. (B4, R
B, ORIARS, TLFE, JEEE, ESE, BEE, BE. SiiEmR) . 2022, 41(5): 754 - 760.

[18] Supplementary Inspection Methods for Food (BJS 201805) Determination of Nafils Substance in Food. (& A TR 3 5
1%(BJS 201805) & s FARARZE M T E ).

[19] Zhang Q, Ma C, Qin AL, Duan Y, Huan Z B, Wu Q. China Meas. Test (5K EE, L 22w, Bz, FEE,
B PENL), 2021, 47(2): 63-67.

[20] LiC, ChenJF, XiongY, Xie SM, GuLH. J. Instrum. Anal. (Z=4, BREBUC, REST, WM, WAL, 24
REEM) . 2022, 41(12): 1793 - 1799.

[21] ZhangZ Y, SongH, LiX, XuYJ, ZhuY, WangL. J. Instrum. Anal. (GKREIT, RN, 2548, %M, kS, T
o OFTINREAAR) . 2022, 41(11): 1658 - 1663.

(W RFEH)



