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Determination of drug residues of 8 kinds of benzodiazepine in aquatic products by ultra
performance liquid chromatography-tandem mass spectrometry

ZHANG Yang, HAN Yu-Bo, LIN Ying-Yang, ZHANG Bing’

(Shenzhen Inspection and Testing Center of Quality and Safety of Agricultural Products, Shenzhen 518055, China)

ABSTRACT: Objective To establish a method for the determination of 8 kinds of benzodiazepines residues,
including diazepam, oxazepam, midazolam, clonazepam, lorazepam, triazolam, alprazolam and nitrazepam in aquatic
products by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
sample was extracted by 80% acetonitrile aqueous solution containing 0.2% formic acid, purified by Waters PRIME
HLB solid phase extraction column, concentrated by nitrogen blowing in water bath. The residue contents were
separated by C;g chromatographic column, eluted by 0.1% formic acid aqueous solution-methanol mobile phase
systems, and analyzed by electrospray ion source in positive ion multi-reaction monitoring mode. The quantitative

information was obtained by matrix-added calibration with external standard. Results The correlation
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coefficient of calibration curves of 8 kinds of benzodiazepines residues were above 0.999. The limits of detection

were 0.064-0.226 pg/kg, the recovery rates of the method were 70.4%-107.0%, and the relative standard

deviations were 2.1%-10.2%. Conclusion The method is rapid, simple and accurate, and it is suitable for the

determination of benzodiazepine sedative drug residues in aquatic products.

KEY WORDS: aquatic products; drug residues; benzodiazepines; sedativetetracyclines; ultra performance liquid

chromatography-tandem mass spectrometry
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TE- TS/ BTG ). SN/T 2624—2010 (STt aMh £
T a1 25 49 5% BR 2 (A ARG 0 )y 32 YRR A 03 - O/ T 9 )
SN/T 3235—2012( i 11 sh ¥yt 63 5 i 2 2535 R 25 5k B8
RN AR - BT/ B ). GB 29697—2013( &
Wl A E FARAE S B S b bV P R 4 R R 22 5% B 1
ME SR OIE-F%EE ). SN/T 3847—2019 ¢ H A iy
R R B R R I RO T - /S e
A b FR v (AR B A0 BB, AT R RE T AR K
I BT X5 7K 7 il 5 2 o 0 2 24 49 [ s B A0
BB T B 520 o ABI ST 38 2o A 2 1 AR 2R B AR =K,
BEREE REAb . WV, VENGSEER PRIME HLB [ A
BUNEE RIS e g AGrin, 28 isf FLV AR RICR A o XA (3%
BRI, gakE sy B a), FESr T RiAR BRI | HRAE
f B SRR RE A RGN P Bk e A% RIS S K 7 i e 8 il
BRI VP | YD TERE | KRS | SRS TETE
FERLPGTE . =W | BT IR PG )5k B 1R s ROBAH
i - H B T A A T i, DASBT R K P B 2R TR R
R T A ARG I IR (S

1 MR5RE

1.1 MR5iRF

AW A2 | RS B A I K
B, L8 ALK Milli Q BAKALHITE

. PR, BRR(EIEH, 181E Merck 23 F); Waters
Osasis PRIME HLB [E#HZEHU/ME: . Waters Osasis HLB
FHAEEURE (6cc 200 mg) . Waters sep-pak Vac Cg [EIFHAEEE(6cc
500 mg). ACQUITTY UPLC BEH C, g AH{I%H:(3.0 mmx
100 mm, 1.7 pm)(3E [ Waters 23 #]); Agilent PRS [H A%<
B (3cc 500 mg, E[E Agilent 2AF]); 2 PUTR 2 48
(0.22 um, SN,

Iy M FFRUE SR HB PG 2 (CAS B0 439-14-5), UL RE
(CAS 5: 604-75-1), BKiEMEC(CAS 5 59467-70-8) . S fiH
PUPE(CAS 5 1622-61-3), S5HIPUTE(CAS 5 846-49-1),
=Mk £ (CAS 5 : 28981-01-5) . Pl ¥ Mk £ (CAS 5 :
28981-97-7)  fili P (CAS 51 146-22-5)(br Ed) o Joi it 1k &
¥ 100 pg/mL, dxEFRFRED L), G REE
HHY 8 B R A PRI .
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1.2 UFE5E%

Agilent 1290 5 &0 AH (4354 . AB Sciex Triple
Quad™ 5500 i ¥ A% [ BC A L W5 % B F U (electrospray
ionization, ESI)](32[E AB Sciex 23 fl); OA-SYS KB & MKAL
(35 Organomation /A ]); BSA2202S-CW HHi, TR S-[KE
001 g, FEZFMA ML) ARAF] AS
30600BDT 7 i iE B A (R HE SRR B A FR A wD);
Bead Ruptor Elite 2 T REA: Y1FE i 35 B 45 (35 = OMNI A /]);
MTV-100 2 22 48 JHE s TR A AL (BT M B8 BR A% A BR 2 W) );
Milli-Q #4fi /KA (35 [ Millipore 23 #)); 3-15ks 1 8 5.0
(= Sigma 23 ]).

1.3 SKWHE
1.3.1 #iaEgk

s RS R B NLAESY, YIRS

T, il AR . HERRFRER 2.50 g(KEH £ 0.01 g)
AT 50 mL SR NE 08 Y, A 10 mL 80%Z
EKIEBUR (7 0.2 %W ER) T ZhRe ke i ¥ R,
L 2000 r/min ¥ FT3REL 5 min, FEEAEIRY 5 min 5, LU
9000 r/min A% B0 5 mino ERMFZEL 4.0 mL i
Waters Osasis PRIME HLB [EAHZERUE, 815 AT 7E 2 1 /s,
AR TR B IR T 5 — AT A0 15 m BINIEE.OE
W, 7E 60 °C/KIE F AR EIER AT 0.5 mL, AR %
10% H B K T (10:90, V:ERZE 1.00 mL, FHZEHER
TRAILLL 1500 r/min WHERY | min, FIREAY, B4
0.22 pm AR VISR TR IE 2 | mL SERE/INB AR
1.3.2 ARBEER &

R T 8 Rk R s 2y (e . YD
PUPE. DRIEMES . SURSVEYE . SFRIVETE . MG B
£, WHPEERIE SAREA W 1.00 mL, FHHERBAER, T
10 mL ARIfEL, Bl EWE A 10.0 ng/mL RS
PRUEREAS IR, —20 °CLATFREGIRAE . [RIRE ok FAd Bl &
1.00 pg/mL A1 100 pg/L TR ARE TR
133 &ABEH LM

%4 BEH Cig (03%45(3.0 mm=100 mm, 1.7 pm);
TRBIAH: A A 0.1% I ERIMZKIEIE, B IR, i 0.4 mL/min;
KR 35 °C; #ERERE: 2 pL; BEEFUEMATILE 1.

Fz 1 REEHEERER

Table 1 Gradient elution programs of mobile phase

BflA)/min -~ JE/(mL/min) A HERKER/% B HE/Y%
0 0.4 90 10
0.50 0.4 90 10
1.00 0.4 10 90
4.00 0.4 10 90
4.10 0.4 90 10
5.00 0.4 90 10

134 JRikf&At

B BSL R, Ay IEE T iy
2 J v Wi (multiple reaction monitoring, MRM); Hi, 1% 5% £,
J: 5500 V; B FIRIREE: 550 °C; AR ST 35.0 psi; filf
BSES: 9 psi; FALAE S 55.0 psi; HBTINEAEEE F1:
55.0 psio PATFBEES 00 R B i IR A0 =F BE b v, DA A
FERL, BV EEEER . KRR RS
B 2.

R2 SME_AMEXAMRIESH

Table 2 Mass spectrum parameters of 8 kinds of

benzodiazepines
&Y B HEHE RERER
/l:l/, %EHTIHJ %‘% ¥‘%% fﬁkkﬁﬂ—: ﬁﬂﬁ:iﬁbm
EAN /min v /eV
. 193.0° 80 40
Ho P 3.08  285.1
154.0 80 36
o 269.0" 64 21
WYLVERE 290 287.1
241.1 64 32
. 291.3" 94 37
BRIk 274 3262
244.2 94 35
o 270.17 84 35
SRPEEE 2.80  316.1
241.1 84 48
I 275.2" 78 31
FHivEE: 287 3212
303.1 78 21
B 308.2" 98 36
= 2.85  343.1
239.1 98 53
274.3" 100 37
Fmet 289 309.1
205.1 100 54
R 236.2" 86 32
Ve P 2.81 2821
108.2 86 49

o R T

14 HIEALE

AT RS EA AR RSB0 HEA T 3 A TR S A,
T BFRAEEAT 6 ASFATRES I SE, SEPRFE SRR T
BOEATINAE o >R A Analyst®F4 R4 I 06 4%, Multi Quant
3.0.2 B4R RAE R AR BRI T A A FE £, WPS Office
6 BAEXF B A T R i B 2

2 HRED

2.1 RHEEE-FIEEHMSRL

H4 100 pg/L 19 8 Fh A — A i LB 2 IR S AR 1A TR
TS SRR A TS, EIEETFRAT, @
M TR, A R AR B ARG
B, fuAbRisas e, DI RER 2 AMRHER T
BETFHEESF, HiFT MRM #E S Mba Wi e+
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MFHETFHEESEH, BMESHILE 2.

AL 0.1%H BRAKE R -2 . 0.1% H R KI5 - H
. 5 mmol/L ZEREFET(E 0.1%H R)-H X 3 Fhdl s
YERTENH, 58T H bRl & WI7E £ 5510 T 1Ak & i i
{HR R . FERANETIE B, i, Hisb&Pn7e i
BIAHZ AR T B 26 T Sl AH 5 A28 1 e SO {8 B v, A0 i ROR
U o XS RBP4 R — 5. 5 mmol/L
LIRS 0.1% FH BR/K RIS 1F T MR 04540 I ) 140 43
BIRCRAL, RUEFT 0.1% H BRI - H BN H AL &
YIRS AR o DL ARIBORE 5% 5 S AR AR B0 B A5 AR ],
ARKRTIN TG, Fe 2 e B VR RR Y W3R 1. 7RI 4%
TFF 8 ok A A S E 2 0 B s P ek LA 1.

1.25e6+ A
1.15e6f+
1.05e6+
9.50e5+
8.50e5}
& 7,505}
Ef‘ 6.50e5}
= 5.50e5}
4.50e5}
3.50e5+
2.50e5+
1.50e5}-
5.00e4} |

2.1 2.3 2.5 2.7 2.9 3.1 33 35
LR B3 B ] /min

TE: AL BRIAMEG, B. SRPYHE, C. HVUPE, D. =MC, B SFHIPUTE,

F. Pmets, G B PaPE, Ho 3pa .
BT 8BRS MRM @5
Fig.1 MRM chromatogram of 8 kinds of benzodiazepines

22 REIRCIBEEMMK

RS R E SR IOA R 2 A R
CIEMTR O BREE . K72 b 8 VR 7 & s B0 =,
IR BRAE R SR BUR B A 5 R RV M e R i 2, $RIL
WS, RS2 sk = S P He i g8 b i 28R 2
B 42 AT 0% [l s 3 A 16, A& W ISR BURAR, 2928
60%, KT 2N RANEEBOAE ) . A B B S NG VE AR IUE
R AR R, 2 2 548 B0 70 i 2R o g 24200
ZIEWT UAT RO IE B BT, 2 %02 IR 7 14 v
fife BEAR T H B, TR 2 BB 9 38 B R T S G 1 B2 1)
PEBOE A

[AHZEGE T B A ML R, 28T e, AT LA
FEREAT P R I BR O A 2 i, AT BT, R
RS2 A ST 5T A 22 R FH Ak s,
AWFFEHAE T Waters Osasis PRIME HLB [ AH £ HUAE: |
Waters Osasis HLB [EAH#<BUH: . Waters sep-pak Vac Cg [
FHEEIUFE AT Agilent PRS [ AHZE IR X 4 i [ AHZE U 1)
AR . g5 RN 2 PR, Waters sep-pak Vac Cig [B#HZE
BREX S PE P . Vb Pa A B ARG Ak E 0y i1k

F50% . C g [ AR AE R (19 B — e AL URAEER2539 Waters
Osasis PRIME HLB [ A 2% HOH: FIH: Ay 3 Fof (51 AH 2 ORE AR
L, SCERHRAETE R, AR T IR0, Wik, BEMAE AR
HUR, FERIRBUR R, A E T AP, X
H bRtk & 90 G b RCR I, L EDCR R s A 3
Tl A A B . R Waters Osasis PRIME HLB 1E 2k
b/

aPRIMER = HLB % PRS u C g

120

1R 1%

2 R[] AR AR BURE T 8 Fh R R s R kAR (n=3)
Fig.2 Purification effects of different solid-phase extraction
columns on 8 kinds of benzodiazepines (n=3)

255k B A AT AR R IR GR T I e 2R R R
WC, BASYRAESE, AR ORItk b B
FEMBANEZ | BAERI R BFFELL 2.00 pg/mL (1) 8 FhoR —
BRSNS, H5 T AR T (40, 60,
80 °C)ZWXT ST YA o 7E3X 3 MR BEE T A7, R
e W, BAME SRR 25, HHEZER
KOANE 3 Frw), BRAETEESL, 16 60 °CTF 1 Bk s T
40 °CHl1 80 °C, [FISCRTE 70.7%~107.9%=2 8], 255 55k
k= PRI 45 AR ] 40 OCIRF SRS P8 P 1 B IR AR T
70%, 80 °CHTAF P MR 60%, £ B ARy Ry HR
FTREAL . BRI, AR EE3E R 60 °C.

120 ¢

40°C = 60 °C = 80 °C
100 +
80
60

/%

40
20

LEYEFR

Pl 3 EWGREEXT 8 Bk — 2 51 225 [BICR Y 520 (n=6)
Fig.3 Effects of nitrogen blowing temperature on the recovery rates
of 8 kinds of benzodiazepines (n=6)
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2.3 FHETFEM AR
231 ZMExXFZ,. AEREITER

6 ANELFaZS FURFE R IR IS Y 1.00 pg/mL
100 pg/L MRS PRERI, Hil#5H 0.50. 1.00. 4.00.
10.00, 20.00. 50.00 pg/kg HIINFRAE S, 0] 1.3.1 FEATHT
AR FRJ5, l45 BLIE UL C R SR A bR IR, Tl Ak
TRAH €233 - R I T (AT RGN, A% bR AL A 1 G i
W SRR AR B, DAE fE B 0 UG TR 1 (A AR bR, 25
Tl BE AR o 2R o Ao i 2 BTy R AR DG R Bk 3 i
7N, TE0.50~50.00 pg/kg W FETE RN MO R BT, LR
Bor BT 099, 43I0 3 f5H 10 fEEMELL(SIN), 456
AL 38 g5, 4 it B A AR I A 0 A B (limit of
detection, LOD)#1 5 ft FR (limit of quantitation, LOQ), 8 Ffi
BRI BE Y LODs 4 0.064~0.226 pg/kg, LOQs
H0.2~0.5 pg/kg, ELAREIE L 3,
=3 SME_AMELAYLMEHIE, HXERE, LODs F1ILOQs

Table 3 Linear equation, linear range , correlation coefficient,
LODs and LOQs of 8 kinds of benzodiazepines

. ARG
R TR
HPEPE  7=3.18x10°X+9.08x10° 0.99999  0.078 0.2
BYLPEE ¥=3.93x10*X+6.92x10* 0.99967  0.064 0.2
MR ¥=6.92x10*X+3.06x10* 0.99946  0.118 0.5
SATEVEE ¥=4.25x10"X+5.21x10* 0.99982  0.226 0.5
SR ¥=3.62x10*X-1.22x10* 0.99964  0.186 0.5
S Y=4.22x10°X-9.30x10° 0.99975  0.094 0.2
B[ ¥=1.29x10*X+1.39x10° 0.99987  0.159 0.5
fHPEPE  ¥=4.33x10°X+5.96x10% 0.99972  0.213 0.5

232 FikEkEFHEEE

PEHBAVE A | sl MLfE | Il G KT RN
B2 HEEFRE B, 54T 0.20(3K 0.50). 2.00, 5.00 pg/kg 3
AKE AR IS5 o B INFR AR 6 A PATRE AL SE5,
P 1.3.1 FFEITTIRIEATRE AL, (IR OB (- H Bk
JREASCI 5, T2 [OOSR FAR XA o (i 22 25 SR I 36 4.
25 LB AR BISCRTE 70.4%~107.0% 22 (7], AR bR 4 i
ZEH 2.1%~10.2%, 8 TR A& S IS BER 2T W g DR AT
o A O 25 6 K AR L RO R I E R, R B TR L R AR
YRS EE RIS 55
2.4 SERREESASN

KA G ESL B 7k, SEARRTIR B 100 itk
PRI K 7 SR RE SR EA TR, B fufh i | llfn AR5 fa
W, 8 Zhifa | RN ISR K SRl 4
WIR, 78 1 ppart i bR PG, SEh 0.615 pgkg,
HAE YRR S S ARG 2K R e A 2 AR A

FT 4 IAREISANE B SRR 45 R (n=6)

Table 4 Standard addition recovery and precision test results (N=6)

T IR Ty AHXS i
/(ng/kg) ISR /% W2/%

i 0.20,2.00,5.00 87.6,94.3,944 54,3.7,27

4l 0.20,2.00,5.00  90.1,98.3,97.2 4.1,4.3,3.8

e fififn  0.20,2.00,5.00 91.5,94.8,93.4 5.5,43,4.1
L 0.20,2.00,5.00 94.0,97.7,86.4 53,23,3.3

fiflfn  0.20,2.00,5.00 85.7,85.0,82.1 7.1,3.3,2.5
KITEHT 0.20,2.00,5.00 91.5,95.6,90.8 3.2,54,48

B 0.20,2.00,5.00 89.6,96.5,91.7 3.3,3.9,5.9

4l 0.20,2.00,5.00  87.1,98.9,952 6.6,8.3,4.5

L8 fififa  0.20,2.00,5.00 81.6,86.9,101.6 2.1,2.4,8.9
[iipEe 5 0.20,2.00,5.00 89.3,89.3,955 2.5,2.1,3.3
fiffifs  0.20,2.00,5.00 76.7,90.4,923 2.6,3.1,4.6
KHEHT 0.20,2.00,5.00 78.1,84.3,963 2.7,3.5,6.3

B 0.50,2.00,5.00 93.7,87.8,89.1 6.9,3.1,3.7

A0 0.50,2.00,5.00  97.1,94.6,912 5.4,4.2,4.0

BRIk fififs  0.50,2.00,5.00 84.6,94.0,86.4 7.4,3.6,3.9
M L8 0.50,2.00,5.00 70.4,72.8,74.7 5.0,3.7,52
fillf  0.50,2.00,5.00 81.3,74.5,79.1 4.4,48,4.6
KRS 0.50,2.00,5.00 86.1,92.2,87.2 8.4,63,7.1

R 0.50,2.00,5.00 73.9,84.6,90.2 62,3.7,5.0

4l 0.50,2.00,5.00 83.4,101.3,94.4 4.6,6.8,7.7

e fififs  0.50,2.00,5.00 94.2,100.6,95.0 6.1,2.9,4.2
[ipeE L 0.50,2.00,5.00 88.4,96.8,92.7 7.5,48,44
fillf  0.50,2.00,5.00 87.6,92.5,94.1 2.3,3.8,3.4
KRS 0.50,2.00,5.00 93.2,93.6,95.8 2.1,5.2,4.2

B 0.50,2.00,5.00 74.2,90.4,92.6 9.4,55,4.3

4l 0.50,2.00,5.00 77.6,94.9,107.0 10.2,7.9,7.1

L fififs  0.50,2.00,5.00 94.4,96.8,92.7 4.4,3.4,50
[ipeE L 0.50,2.00,5.00 89.0,94.4,92.4 5.1,2.7,3.8
fillfa  0.50,2.00,5.00 88.6,89.7,87.3 3.6,7.2,6.2
KIEET 0.50,2.00,5.00 90.4,96.1,94.7 6.0,3.6,4.8

i 0.20,2.00,5.00 89.5,96.9,949 43,3.6,3.5

Al 0.20,2.00,5.00  90.6,95.6,94.8 3.3,4.0,5.0

S it 0.20,2.00,5.00 91.4,99.5,92.9 5.0,2.7,3.3
L8 0.20,2.00,5.00 824,965,912 22,4.7,46

fillfn 0.20,2.00,5.00 86.2,88.1,83.5 3.6,3.4,2.1
KHEEHT 0.20,2.00,5.00 83.4,94.6,87.6 2.4,6.9,4.0

i 0.50,2.00,5.00 909,884,920 49,6239

i 0.50,2.00,5.00  92.9,95.5,93.4 5.1,49,4.2

- fififs  0.50,2.00,5.00 88.8,95.8,97.4 4.7,3.6,2.1
M B8 0.50,2.00,5.00 86.8,92.9,89.3 5.3,2.8,7.1
fillfa  0.50,2.00,5.00 85.6,91.5,86.2 6.6,2.6,3.7
KIOEH 0.50,2.00,5.00 86.1,93.2,91.1 2.7,2.6,2.9

i 0.50,2.00,5.00 86.4,99.5,949 6.6,52,48

40 0.50,2.00,5.00 76.6,100.7,90.1 6.7,5.6,4.9

Lo, WA 050,2.00,5.00 85.4,104.1,974 4.7,3.6,2.1
e L8 0.50,2.00,5.00 86.1,97.9,922 4.5,2.6,3.8
fillf  0.50,2.00,5.00 88.4,86.2,91.2 5.6,4.5,52
KITEHT 0.50,2.00,5.00 91.8,98.0,958 2.8, 54,33
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2 »

AT TR TE A i 8 FPIR A AR

2P0 1) v AR - R I T R A v L R AT
0.2%F R ) 80% . JiE /K #EHX, Waters Osasis PRIME HLB [&
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