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Abstract: In this study, a method for rapid screening and quantitative analysis of 64 kinds of illegally added compounds in alcohol
samples by ultra-performance liquid chromatography-quadrupole/electrostatic field orbitrap high-resolution mass spectrometry (UPLC-HRMS)
was established. The samples were heated to remove alcohol, and then methanol was added for ultrasonic extraction. The resulting extract was
topped up to a fixed volume, filtered through a microporous membrane, and separated by a ThermoHypersil GOLD C18 column (100 mmx2.1
mm, 1.9 um; ammonium formate and acetonitrile as the mobile phase for gradientelution), before analysis. Mass spectrometry conditions were:
simultaneous scanning of positive and negative ions, and full scan/data-dependent secondary scan (Full MS/dd-MS?) mode. High-throughput
screening and quantitative analysis of commercially available alcohol samples were carried out with the database set up based on the retention
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time of the analyte, primary parentions, and automatically collected secondary fragment ions. The results showed a good linear relationship for
each target compound within a certain mass concentration range, with correlation coefficients (*) >0.99, limits of quantitation (LOQs) ranging
from 0.1 to 2.5 mg/kg, recoveries in the range of 88.3%~127.9%, and relative standard deviations as 0.2%~6.2% (n=6). This method is simple,
highly selective, rapid, accurate and reliable, there by suitable for rapid screening and verification of 64 kinds of illegally added compounds in
alcohol samples.
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EH R 40 E04E Ultimate 3000 AR . H B3RS A
IRAE LA Orbitrap (5143 ##)5HE , Thermo, £8H; Mettler
XS205 HL 7R, HERRE, it Sigma3-30K A
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RIATAIRESE (Fluticasone propionate) SOKAMFAKRER

(  Sulfamethoxazole ) .
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Table 1 Mass parameters for the 64 kinds of compounds

AR Yl e AAF
55 e A, 7“;’&;‘;\ o e %gf-ﬁi FHFm)
/min /10

1 RFAAL CyoHpCIN,O, 2113 [M+H]" 27513095  275.13089 0.2 230.07434,167.07323
2 FA AR C;3H;:N;0 1057 [M+H]" 232.14440 232.14481 1.8 113.10759,187.08705
3 TR CyH,sNO, 1831 [M+H]" 356.18563 356.18585 0.6 192.10222,165.09138
4 FEFR C,H sN,05 1290 [M+H]" 291.14517 291.14551 12 123.06678,230.11655
5 FEAREGT C1oH3NO, 19.17 [M+H]" 180.10191  180.10233 23 110.06032,138.09164
6 K40 Cy;HyNO 2218 [M+H]" 256.16595 256.16537 2.3 167.08589,152.06233
7 R AR CH;gN,O  23.04 [M+H]" 231.14919 231.14958 1.7 189.10269,201.10263
8 A B BR A Cy4H31FO;s 2596 [M+H]" 41922283 41922282 0.0 279.17471,321.18521
9 ZHRPAR C, H;,N,0 1489 [M+H]" 189.10224  189.10269 2.4 131.07329,104.04973
10 AR f 7 Bl CioH;N;05S 1456 [M+H]™  254.05939  254.05978 1.5 156.01173,108.04468
11 FHRERIRE, CyH300s 2486 [M+H]" 37521660 37521597 1.7 161.09361,357.20627
12 R Ca4H3/FO, 2503 [M+H]" 43521774 43521798 06 397.20111,339.15936
13 1 2 T A KBS B B CasH3 FOg 23.92 [M+H]" 47920757 47920673 18 321.14804,441.19061
14 IE RS CasH340 2692 [M+H]" 43124282 43124176 2.5 147.08072,413.23267
15 42 14 B PR B C3H3FO; 2659 [M+H]" 47722831 47722748 1.7 339.15918,321.14810
16 A% KA R BR B C7H37FO, 2777 [M+H]" 47726469  477.26395 1.6 279.17365,355.18964
17 o7 7¥ CieH;;CIN,O 2582 [M+H]" 28507892 28507913 0.7 154.04205,257.08423
18 (X CioHpN,0, 2643 [M+H]"  309.15975 309.16022 1.5 160.11237,190.12296
19 KRB CyH;¢05 2737 [M+H]" 489.24829 48924744 1.7 115.0924,381.20639
20 FAEA R M ERES CosHy,CIFOs 2720 [M+H]™  467.19951  467.19873 1.7 263.14352,355.14621
21 A4 R ANIR 79 BR B CosH37FO; 27.88 [M+H]" 50525961 50525858 2.0 279.17471,319.16962
22 A& RKAN I BR B CsHi/CIO; 2831 [M+H]" 52123006 52122943 12 503.21985,301.15894
23 5t LBLR B CsHoNO, 633 [M+H]" 15207061 152.07083 14 110.06029,93.03365
24 EN Y3 CHisN;0,8;, 2092 [M+H]™  352.04202  352.04224 0.6 115.03293,141.01219
25 LB 2-: CisHisN;O,S 1778 [M+H]"  332.06995  332.07008 0.4 95.06076,121.04008
26 AR 5 C16H140; 21.73 [M+H]" 255.10157 25510218 2.4 181.06506,237.09111
27 B AER CieH;;CpNO, 2330 [M+H]"  354.02944 35402993 14 214.04211,250.01872
28 wwedE ) CsH oN4O, 763 [M+H]" 19508765 19508806 2.1 138.06670,89.06007
29 RICAN o BEBR B C3H300¢ 2482 [M+H]" 40321152 40321193 1.0 147.08070,385.20093
30 RERANBEER B CoeHiF20, 2650 [M+H]" 49521889 49521732 3.2 121.06503,337.14359
31 RIS A BR s CoeHiF20; 2632 [M+H]" 49521889 4952179 2.0 317.15387,101.02356
32 ZERIE CysH35FO; 2778 [M+H]" 50324396 50324393 0.1 339.15393,321.14880
33 T RKAN I ) B B CyHy,ClIO,  27.00 [M+H]" 521.23006 521.22894 2.1 171.08061,301.15891
34 RAFAN 7 BL B CosHyF50sS 2726 [M+H]" 501.19171  501.19077 1.9 293.15408,313.16037
35 3R ACAN R R B CyHyCLOs 2722 [M+H]™ 521.14922  521.14874 09 263.14343,503.13977
36 RAEANT BRES CoeHy,CIFOs 2775 [M+H]  479.19951  479.19974 0.5 343.14615,279.13849
37 KA, CyHy505 2359 [M+H]" 36120095 36120215 3.3 147.08066,343.19064
38 T 44 CyHy505 23.06 [M+H]" 36120095 361.20105 03 163.11198,121.06506
39 FEZR N CyHyFOs 2450 [M+H]" 39320718 39320756 1.0 147.08067,355.19046

232

TR



#LER

40 AN CyHyoFOs 24.63
41 ST 4940 T BABE CasH3606 26.45
42 ST 4 R BA BE CasH3304 27.24
43 KA CyHy0s5 22.85
44 SALT a9 Cy1H300s 23.55
45 ARAN CHysFOs 24.34
46 EEWE N CpHxwClOs  24.86
47 LEPES S C16H1403 25.10
48 SALT 89 ANBE BR B Cy3H; FOg 24.83
49 AL CyHyFO, 25.14
50 WK T4 CosH3 NOg 25.56
51 K RANBEBR S Cy3Hy506 24.74
52 AR AN S B B B Ca4H3,0 25.81
53 A& R AN BEBR B Cy4H3 FO, 25.54
54 o EARANEEBL B CyH; FO 2571
55 AR R C;sHisNO, 2865
56 T &) IRk CoH3s0,4 1.24
57 ZTHI C;3HN;NaO,S  9.01
58 BAGERAA CiH;;CLNO, 2348
59 gk EF CoH\,CINO,  23.39
60 FET 6940 B BR A Cy3H3,FO, 2473
61 57 A, CyHy7FO, 21.41
62 FE Cp4H33FOg 25.34
63 bRk CyH3,CIFOs 2727
64 Aok ih R CH,CINO,  21.82

[M+H]" 39320718
[M+H]" 43325847
[M+H]" 44727412
[M+H]"  359.18530

[M+H]"  411.19766

[M+H]"  417.22717
[M+H]" 43521774
[M+H]" 43521774
[M+H]"  242.11756
[M-H]  178.87989

[M-H  356.06951
[M+H]" 42321774
[M+H]"  395.18644
[M+H]"  437.23390
[M+H]"  455.19951
[M-H  168.98578

393.20823 2.7
433.25894 1.1
447.27435 0.5
359.18539 0.3
363.21683 0.6
411.19755 0.3
409.17685 1.9
255.10196 1.5
405.22699 0.4
377.21353 1.5
442.22296 1.2
401.19588 0.1
417.22614 2.5
435.21658 2.7
43521692 1.9
242.11774 0.7
178.88013 1.3
310.08542 0.6
294.00846 0.5
356.06924 0.8
423.21796 0.5
395.18729 22
437.23407 0.4

147.08066,355.19052
121.06507,345.20642
121.06507,345.20612
147.08067,341.17517
121.06506,105.07015
253.12262,121.06505
391.16739,147.08075
105.03381,209.09650
327.19589,309.18530
279.17477,321.18542
142.05026,124.03963
147.08072,295.16977
253.15895,399.21698
279.17474,319.16971
237.12784,309.18521
224.10727,209.08391
134.96956,90.99904
191.04959,175.01787
250.01932,193.15935
312.07947,282.03320
239.14326,181.10214
357.17004,225.12776
361.18118,181.10208
455.1998 0.6 121.06503,105.07011
168.98589 0.7 132.00912,76.01917

1" 363.21660

1" 409.17763
1" 255.10157
1" 405.22717
1" 377.21226
1" 44222241
1" 401.19582

310.08560
294.00831

2 #R5

2.1 REEF MM

ASEIG AT SR T . LBE. 50% (VIV) HIEE
KIEBFL 50% VIV IR RFE A FR R0
WAEDFERCHR, A F-E RN R (104 20,
30 min) [RFRHUSR . 25 R IA HLETI$EET LA
W A2 mht It 2 2k LR S B R I
AR 20 B 30 min S PA BB AFFREIACR . %
FEE ARG E . MRS T HFEER, Habs
D7 IR FS X 30 min.

22 EEmAHRTA

SEE T T Waters ACQUITY BEH C18 (100
mmx2.1, 100 mm, 1.7 um) #¥ Thermo Hypersil GOLD
C18 (100 mmx2.1 mm, 1.9 um) #EF1 Agilent Zorbax
SB-CI8 (100 mmx2.1 mm, 1.8 um) =Fhaiit:f5
B, SRR, FE AW, AR

WERE A B AR R A B A V& T, Thermo Hypersil
GOLD CI18 MR W RUKIRHEAR, BA T &4 5
BE, SEARMIHTIERE, ZAEAERIE AN (8] P e a8 BA R
VEMLH 64 Rl VEDRAIER KA, B B &)
PIORFR R, WETEXFR, XTHARE ., il RS
(TR S |t s E R, IFRESEILAS floK A AN
O ZEAKFASE S B R R BA IS TR AT AL S 0B 285005
B, U e 1 AT A TR AR 7T

A EE R, XTEE T H RS R E A AL
PAKIK 5 mmol/L FRRELIF FIR/KIE/KAINS 64
Fhfig VBRI R R 21 o BV E R R . Sicaer gt R
R, MIREIAEN 5 mmol/L HFREVATR- LREIR R,
A IRAG I L BT AN 7 B AR, HoAT RIS R A AE
IEBFHAEFE, ARG EYIIIREIAF RS 15
AN 7 (ESID &A4F T, HRMIMAHBT Hix
IS, TR SRR ANE S R, BHREYE
W VU AN B, BN ZE, KR AERT R ZE K & 35
min, f8 55 AR DR A TS TR IR AN SRR AL AU R
Pig TRJERA AN AT FRIRA S5 5y B AH [F] s s A A L) Ak
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Reiative Intensity / %

o 64 R EVIRIFRHER ) S TR E L 1.
150
1.45¢7 2.78¢7 9.89¢6 1.36¢7
21.13 o 10.57 . 18.31 . .
100 - Chlorpheniramine [ Aminophenazone - Rotundine - Trimethoprim
50 | L L 12.90
0 L 1 1 L L Il L 1 L Il I/\ 1
21 22 23 24 11 12 13 14 16 17 18 19 11 12 13 14
. 1.49¢7 6.27¢7 2.78e7 25.96 4.93e6
100 |- Phenacetin 19.18 I Diphenhydramine I Propyphenazone r
Fluorometholone acetatg
50 - F F
J 22.18 23.04 J L
0 Il Il 1 [l I/\ L L L L N 1 1 L ! Il
16 17 18 19 21 22 23 24 21 22 23 124;7 p 7 28 29
N 2.04e7 6.96¢6 ITe 25. 4.01e6
100 - Antipyrine - Sulfamethoxazole L . 24.86 -0
14.89 Methylprednisolone Tramcinoloneacetonide
50 ] - : =
/\ 14.56
0 1 L 1 1 1 1 | 1 1 Il 1 1 4 /L‘—
12 13 14 15 12 13 14 15 22 l23 24_(11 25 B 25 h26 2d7 28
4.22¢6 6.71e6 Triamcinolone acetonide acetate etamethasone epr()lonate
1005 lone di 23?% " 2622 ot 4.01e6 27.77 6.69¢6
riamcinolone diacetate Budesonide
26.59
50 + - f\ + f\
0 L I L L L L T L L L
21 22 23 24 26 27 28 28
100 | 25.82 1.93¢7 | Phenylbutazone  2.04€7 | prednicarbate 27.37 4.59%6 Clobet;?o;gropeonate 5 4966
Diazepam
26.43
50 1 3 n F
0 | L L VA - 1 L L
26 27 28 29 27 26 27 28 22298 p 29
Betamethasone diproinate Betamethasone dlpromate 6.33 . 200 |y el oxecam 4.15e6
10or 27.88)  7.86¢6 | 28.31| 6.09¢6 | Acetaminophen |
20.92
0 L 1 L 1 1 1 L 1 1 1 L
26 27 28 %946 6 26 27 28 28 6 7 8 9 1 23
A6e 3.57¢6
100 + Piroxicam 17.78 - Ibuprofen 151651 Aceclofenac L Caffeine 63 1.63¢6
23.30
50 L i 21.68 L A
0 1 L 1 J—/\ 1 1 1 1 1 1 1 1
16 17 18 19 23 24 21 22 23 24 9
Prednisolone acetate 3.67e6| Fluocinonide 1.01¢7 | Difolrasonediacetate | 43¢7 Amcmomde 27.78 1.03e7
100 24.82 r r26.32 I
26.50
50 - + +
0 . . ! . . . . . . . L L L
22 24 25 26 27 28 29 26 27 28 29 26 27 28 29
100 Alclomethasone dipropionate |Fluticasone propionate 1.63¢7 | Mometasone furoate 7.07e6 | Clobetasone butyrate 2.20e7
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Fig.1 Extracted ion chromatograms of the mixed standard solution of 64 compund
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P2 o A = o DU A LA S SR AT
PREAPY, ARSI T 64 FlbRiE S 3 3 LA AT
PP C 1 S FbR v 2, 525 ) I C A B
PRAEHIZEARLE, I WEAR LA (GRFRRIHERT il Ve T
RUARFIBRAERE VTR ) K % bt 2R R 2 A 5% &
B R SBIESE, LA TRINRER BTN, 45
RKIL, WEREROGBARE R, FEFURX a8, IR
XFIX 64 FBRAE sl AL B A BE BN, 25 P8 B A
JrAE, DRI BEAE SE BRI SR VAR O AR A 2k

25 FiEHWEE
251 FiEHKHTEE

BT TR T AR AR ZH 4 v REFF TG R ALK,
N T K F A A FHR IO 1 T (a1 P RN AT 58 1 e
M5 &, A B S R ) 5 TSR AR 5E AR e VE .

REBRIEZ P2 ae it a8k I Fpe e e i), A
SR LI A IS I — RAFRE TR DA
WETIAR (YD AGAAAR . 2540 70 0 BV I o ik
(X, pg/L) ABARFRRZIERIHTTHE, 64 Fhfgiivii
IR AN R R WAE A LR BETE A 2 R I 4R 1ok
R, MHERRH (P $5>099, LMTEETE. A&k
E DA R R FE s AR A e B2, 3% B DA R b
(SIN>10) FIKFE SUE RS AR E IR, SR EE
WAE A TTEAFRHE I s . (G WK 2D,
252 R EAAGTRE

FE NP AIBC PR & sh 2 s 64 AR aiiai
i RCPH P IIFRRE i, IS TN AR 28 ()R
FHRTERAFE AT 6 IRE 5SS, THERICEFIARXS
bruEfmZ (relative standard deviations, RSD). 455 I,
* 3, JNERMCRITEHITE 88.3%~127.9%, RSD A
0.2%~6.2%, ZITIEEA BRI SR FIEE M, F
BRI TTEER

R 2 64 MLEMIMZIERTE, L&MSEE. ' FIE=R
Table 2 Linear equation, linear range, correlation coefficients (r%), and limits of quantitation (LOQ) of the 64 kinds of compounds

No. Compund r Linear range/(ng/mL) Linear equation LOQ/(mg/kg)
1 SRAREL 0.9952 2~20 Y=5.107x10"X+8.185x10* 0.1
2 FA A 0.9968 2~20 Y=1.187x10°X-1.045x10° 0.1
3 B il 5E 0.9997 2~20 Y=2.997x10°X-1.153x10° 0.1
4 AT 0.9997 2~20 Y=6.255x10"X-2.419x10° 0.1
5 FEARHT 0.9970 2~20 Y=2.704x10°X-1.573x10° 0.1
6 B2 oL 0.9985 2~20 Y=3.832x10°X-1.646x10° 0.1
7 SRk 0.9965 2~20 Y=1.367x10°X-1.138x10° 0.1
8 RABE BB 0.9972 2~20 Y=3.321x10°X-2.511x10° 0.1
9 SRR 0.9995 2~20 Y=2.230x10°X-8.597x10* 0.1
10 AR B 0.9998 220 Y=2.967x10°X-1.069x10° 0.1
11 AR AN, 0.9995 2~20 Y=4.183x10*X-3.526x10* 0.1
12 K 0.9950 2~20 Y=7.149x10X+1.929x10* 0.1
13 1 52 79 J B BR B 0.9953 2~20 Y=7.716x10*X-5.970x10* 0.1
14 i tE 0.9954 2~20 Y=2.659x10X-2.437x10* 0.1
15 AR EE R B 0.9989 2~20 Y=4.930x10X-1.713x10* 0.1
16 AE AR AR R BR B 0.9994 2~20 Y=1.625x10"X-8.427x10* 0.1
17 Ho 5 F 0.9980 2~20 Y=9.326x10°X-4.844x10* 0.1
18 i 0.9904 220 Y=2.042x10°X+3.416x10* 0.1
19 KRB 0.9955 2~20 Y=1.179x10°X-1.240x10° 0.1

20 Rzt & AELES 0.9905 2~20 Y=2.928x10"X-3.386x10* 0.1

21 AZ o, K AN BR B 0.9971 2~20 Y=1.772x10°X-2.206x10* 0.1

22 1% E KA A BA S 0.9962 2~20 Y=6.948x10*X+9.473x10° 0.1

23 st LELRIE 0.9979 5~50 Y=3.658x10"X+6.336x10* 0.25

24 S Sy 0.9931 5~50 Y=2.855x10°X+7.813%10* 0.25
TR
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Y=1.006x10°X+7.919x10*
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Y=3.486x10*X+8.284x10°
Y=3.711x10"X+1.541x10°
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0.25
0.25
0.25
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0.25
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0.25
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0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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2.5
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3 o4 ML EME BEMECHBRA P AIIARE R R ERE (n=6)

Table 3 Spiked recoveries and relative standard deviations (RSD) of the 64 kinds of compounds in white spirit and mixed liquor

s e kT (ng/mL) a7 el
EE Y RSD/% EDICE /% RSD/%
1 FORARBK 8 89.3 44 95.2 26
2 E R AN 8 94.2 33 96.8 0.2
3 T 8 95.1 0.7 94.4 12
4 AT 8 101.3 2.4 97.6 5.2
5 FEARHT 8 95.1 1.0 88.4 53
6 K0 8 96.8 34 92.3 52
7 A AR 8 96.6 47 90.4 23
8 A B BR AL 8 92.1 5.2 99.7 43
9 ZARPLAR 8 89.4 2.1 90.6 32
10 AR T 8 88.3 5.1 90.1 33
11 A RANK, 8 95.1 0.4 98.8 1.6
12 i E S 8 98.4 1.7 96.3 22
13 W 2 T A B BR B 8 108.8 3.1 104.1 2.0
14 R 8 102.3 0.4 106.7 2.1
15 w2 AR B BR B 8 93.6 39 88.6 2.2
16 A& RAN R BR B 8 99.0 24 95.6 3.1
17 o7 7¥ 8 102.2 0.2 1025 23
18 Pt 8 95.3 1.1 98.7 35
19 KBS 8 97.6 0.8 99.2 1.3
20 Atk REREE 8 105.4 3.8 101.7 1.8
21 AS P RANIL ) BR B 8 96.7 29 100.7 1.8
22 & FRAN I BL B 8 94.2 0.1 93.1 1.3
23 *t LR E 20 122.1 53 127.9 6.2
24 EBER 20 95.8 32 96.4 0.8
25 T H R 20 96.1 0.5 92.4 1.3
26 PN PN 20 88.4 3.0 89.4 3.1
27 EEPSid 20 103.4 2.6 94.6 2.7
28 whwed ) 20 98.7 1.1 98.1 03
29 K RAN T BEBR B 20 103.4 0.6 108.4 1.7
30 AIEANBEBL B 20 111.1 0.4 1023 32
31 ZAAN B BA B 20 98.9 23 95.4 1.1
32 ZHEE 20 89.4 3.8 94.2 5.2
33 FoT S RAN S 7 B B 20 95.7 1.1 97.2 35
34 A R BB 20 104.2 3.2 99.6 2.0
35 k- RS i 20 96.4 1.0 97.8 35
36 RAe AN T BRBS 20 93.7 4.6 100.0 2.1
37 KRANT, 20 98.0 0.6 98.7 2.1
38 T 44 20 101.1 24 104.6 33
39 Ve 20 104.8 52 103.7 4.1
40 HE R 20 104.7 5.1 103.8 44
TR
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41 SALTT 894N T BR B 20
42 SALTT a9An R BR B 20
43 KA 40
44 ST tghn 40
45 AkAN 40
46 EETE 40
47 AR 4525 40
48 SALT 69 ANEE BR B 40
49 AR 40
50 WK TH 40
51 K RANBEBR B 40
52 B AR AN B B S 40
53 A& KA BE BR B 40
54 o E AN B B 40
55 BB 40
56 T &) IEAR 200
57 ZTHU 200
58 BAGERAA 200
59 |k £ F 200
60 FET a9 40 BE BR B 200
61 w27 K, 200
62 AEgEAN 200
63 R iRk 200
64 fArkiyrz 200

98.3 1.6 99.3 22
106.2 24 102.7 3.8
96.7 1.7 94.4 35
93.4 0.8 935 2.6
96.7 4.0 913 2.8
98.4 33 96.5 52
94.5 29 90.8 1.4
923 0.8 93.6 1.4
94.6 52 87.9 3.5
90.8 0.9 89.6 22
92.7 0.5 933 1.8
96.5 5.7 89.0 23
99.6 2.0 98.5 1.9
99.3 1.8 98.3 1.8
94.4 0.6 96.0 0.3
87.3 2.7 86.5 1.8
90.1 3.1 91.5 2.8
96.8 0.7 101.2 1.5
102.7 Q0 98.6 1.1
94.2 0.9 95.0 2.8
96.2 1.3 95.0 0.3
96.0 0.8 97.1 35
89.6 33 93.9 2.6
102.9 3.6 97.8 55
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