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Abstract . Nitroimidazoles (NMZs) are a crucial group of antibacterial compounds from a his-

torical perspective. In the past, they were used for treating and preventing parasitic infections
in fish. Benzodiazepines ( BZDs) are second-generation sedative-hypnotics. Some fish farmers
or vendors use them illegally to keep aquatic products fresh during the transportation of aquatic
animals. Aquatic products are one of the most common food sources of protein and can be con-
taminated by NMZs and BZDs, which could impact humans through the food chain. Until
recently, there was limited information on the simultaneous determination of NMZs and BZDs.
Thus, it is critical to accurately quantify NMZs and BZDs for risk assessment and risk
monitoring of food safety.

For the simultaneous determination of five nitroimidazoles and six benzodiazepines in aquatic
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products, a new approach based on the dispersive solid-phase extraction (dSPE) coupled with
ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS/MS )
was developed. First, the samples were extracted with acetonitrile containing 1% (v/v) ammo-
nium hydroxide, and the extracts were purified using dSPE with C18 and primary secondary
amine sorbents. Second, the extracts were collected and dried at 45 “C under nitrogen flow. Fi-
nally, the extracts were redissolved in 1 mL methanol-water (1:9, v/v) mixture, filtered
through a nylon-66 microfiltration membrane, and analyzed using UHPLC-MS/MS. The separa-
tion of compounds was conducted on a Kinetex F5 column (100 mmx3.0 mm, 2.6 wm) using
gradient elution with 1% (v/v) formic acid aqueous solution and methanol as the mobile phase.
The analytes were detected using MS/MS with positive electrospray ionization ( ESI*) source
under the multiple reaction monitoring modes. The matrix-matched external standard approach
was used for quantitative analysis. The compounds of five nitroimidazoles and six benzodiaz-
epines could be examined within 8.5 min. Under the optimal conditions, the standard curves
were linear in the range of 0. 5-20 pg/L, with the correlation coefficients exceeding 0. 995. The
limits of detection and limits of quantification were 0. 2-0. 5 pg/kg and 0. 5-1. 0 ng/kg, respec-
tively. The average recoveries at three spiked levels in blank samples ( grass carp, large yellow
croaker, and prawn) ranged from 73.2% to 110. 6%, with relative standard deviations of less
than 15%. The developed approach is simple, sensitive, fast, and inexpensive. It can be used
for determining five nitroimidazoles and six benzodiazepines in aquatic products.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry
(UHPLC-MS/MS ) ; dispersive solid-phase extraction ( dSPE ); nitromidazoles; benzodiaz-

epines; aquatic products
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439-14-5) AEVEH: (1 mg/mL, CAS 5 .146-22-5) |
FAEVPEEE (1 mg/mL, CAS 5.1622-61-3) B yhPY
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FREL2.0 g (0.02 ) ifAET 50 mL B0,
JA 10 mL 1% (v/v) ZK I 1 g Efkdh .3 g &
JKERERSH , A HEIR AT 1 min, #A #EH 10 min, 8 000
r/min .00 5 min, JE LR T 5 — 50 mL &0
G FRIEHA 10 mL 1% (v/v) 27K 2 55 4%
B—WK, B IR _EE W, Frigk
123 %1

HERIFL I 10 mL 42 UK 234 QUEChERS
31 (50 mg PSA 30 mg C18) 1Y 15 mL BE.L&E
WHEIRA] 1 min, 10 000 r/min 2.0 8 min, WH4
W T 15 mL B0 8,45 CRAMEILR T,
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TElAE A 0. 1% (v/v) HR/KIE R, B W H R, B
FEVEN R :0~0. 5 min, 10%B; 0.5~4 min, 10%
B~95%B; 4~6 min, 95%B; 6~6.1 min,95% B~

10%B; 6.1~8.5 min, 10%B.
1.4.2 &%

FLIE 55 B F R (EST) , 22 & Wil ( MRM ) ; it
ZHL 5500 VB IR EE 550 C ;A A (cur-
tain gas) Jk /7 241 kPa, fif ## < ( collision gas) & JJ
62 kPa, % < JE /7 (Gas 1) 345 kPa, % B im#4 =,
(Gas 2) £ 71 379 kPa, it/ my A BT RS
LR,

2 GRS

2.1 SHEHHRKL
2.1.1 EEAEE T

HFEDRMp S 2 W FNAR — SR sl 2 e — 2R 45
WA P, 75 C18 At L H AR .
Kinetex F5 £ (100 mmx3. 0 mm, 2.6 pm) &—X
R A -S R AR ) O GROR BE TN 5 [ o A e i A, JE
STl R E R ETE AVINS S o TS o PR N RV R e R -
B o REFURAH 3% - BRI BTk | Vi sl AH B 2SR Ak
TS5 H bR Ak ) 53 18 R 1oy () B S PR R, A
SIS R L LK v 2 24 ) R R — R LR A
FH - K AR 2R A EEAE 2 -7K A 22 HP i g oy L B /5
K oK AR R AR W sh A7, ZE KA oA 2
mmoL/L 1 ZFRE T , #8453 B b4 i (o3 e ) 90 0

F1 5 FHEHERMER 6 ME_RALXGYWHRIESTSH

Table 1 Mass spectrometry parameters for the five nitroimidazoles and six benzodiazepines

Toxin ESI mode Parent ion (m/z) Product ion (m/z) Declustering potential/V  Collision energy/eV

Metronidazole ESI* 172.1 128.0* 75 21
81.9 34

Dimetridazole ESI* 142.1 96.1" 70 23
81.1 35

Ronidazole ESI* 201.1 140.1* 60 17
55.1 32

Hydroxy metronidazole (MNZOH) ESI* 188.1 126.1" 82 25
123.0 19

Hydroxy dimetridazole (HMMNI) ESI* 158.1 140.1* 70 18
55.0 26

Diazepam ESI* 285.2 193.1" 102 44
154.1 40

Nitrazepam ESI* 282.2 236.2" 100 36
180.2 50

Flurazepam ESI* 388.1 315.1° 110 35
288.1 37

Clonazepam ESI* 316.1 270.1" 112 36
214.0 50

Oxazepam ESI* 287.0 241.1" 100 32
104.0 45

Chlordiazepoxide ESI* 300.1 283.1" 95 22
227.1 35

#* Quantitative ion.
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Fig. 1 Multiple reaction monitoring (MRM) chromatograms of the five nitroimidazoles and six benzodiazepines
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222 BEHAEHMA

TERE M RTAL R AR, in A G AL A A T4 0
FUFIACH 532 , Bl LA o 8 7K 53 K s P AR 1 5
AR ARG, M2 X H A 4 T
FIT RS B IR TS5 4 s A TG K B R A 1T LA 25 B
PRI K 43, A T 4 52 % J A R il T VAR AR
HERG, N ITTEE =7 H AR 09 LR ) AR 5256 326 1k
BAVE R ERATT R, TC K B IR S 4 by B3 7K 500 LAk
A RRT AL g AL 3 g TOKBRERENET
FE PRI BAT B I i SR AT AR Wk 4 ) 25 0 A
REBKIRER £ Bl &P BUses i, bl
WE N 79. 6% ~102. 5%,

R T DB TN B R T SR RN A ]
B ARG R 43 T AR 26 BV S v A T B, R A
TR 3 8 2 43 0 [ AH 22 U — A Je B 2 1 24
C18 .PSA D) J A 554k ik P ( GCB) S FH I W i 591
Herpr, C18 X I 45 AR 1 T H0 9 HL A ¢ ke 1 g o
YEHT s PSA 1T AW R i v B £ 28 BE2E A HLIR 45

THEW) B ; GCB HEA 025 548 b 56 o1 vh 9 6,3 F 5
BT (HX 5 A 45 0 116 & ) A 45
SRV FMAERT . K7™ i BE A o S % i & O
UOVE B 1 BUS AT DA LB o0 TR, (BT AT e A2 AE
AR BT IR A Z AR A I R R LR
TH RS E R SR O REE H 8 PSA A
C18 WA M Btk ) A7 Pu Ak . 7E [/l — s K- (2.5
pg/kg) 25 FIRE S ERIBOR H, 40 A 3 AN R4
A1 PSA F1C18(1: 50 mg C18; 2: 50 mg PSA; 3.
25 mg PSA+25 mg C18) W Fff 55 Ak (5 R WIE 2)

101 18 50mg BN C1825 mg+ PSA 25 mg
| =3 PSA50mg
80
] A - A
S ml
= 60 i i = [
[}
>
S
~ 40 4
20
0_—-_\6 e o ;@\ D a® o® o a4
T R A R G T
OO O, o I o s el o
&e\‘ 0\6\ R TN CE/\\\oié

B2 WRBFIZEER FE5T 5 FagEDKMRF 6 E_ G =Xk
BB ENHIE (n=3)
Fig. 2 Effects of the types and amounts of adsorbents
on the recoveries of the five nitroimidazoles
and six benzodiazepines (n=3)

M2 AT LUE 4 BARY R4 E 3(25 mg
PSA+25 mg C18) & b i [ml Y R 55 (4 KR F
80%) , BTG 1 LA 2, LKL A, R
FH CI18(HLA 1) ¥ bl B IBOR B0 A0 TR, 2 Ve i
JE IR L AR PSA (1A 2) LT, E Ik 45
JENERAR R Z . KA CI8 (414 1) 8 PSA(H4A
2) b E PERERL I, 25 FRE S R M S A R, T
VIR 2 | i i B - IR A ) 52 15 Y LR I 0 11 1
ORI g — D4k T PSA Fi C18 Wit
FIO &, 4> 9% PSA(25.50 .75 mg) F1 C18( 15,
30,45 mg) 5L 9 M A HATIEAC L, 45 R &
P 50 mg PSA+30 mg C18 ZH-& i )14 A R4 R B
£E, 2 BAR i InCR 4 i, IR IR 5 81. 5% ~
103.2%, P, A SC5 e 426 £ 50 mg PSA+30 mg
C18 1A AL R 711
2.3 ERMMIEM

FEFROV (matrix effect, ME) Z487E % H LC-
MS/MS Kl H ARk A it 4 f o A 56 I3 i o3 R
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S0 PRI, ZEEE ST LC-MS/MS 4387 5 1 i 7 P4k
LT, R FHAE 24 119 7 1 AR ol R M 35 S5 83
A5, AT CR A 0 580 e eyl 5

FERTRON F IR 5 ik E B A A S Sk
(A2 PEVEAN ) Y RN BUS W Ok (G = PEAN
PP BB I ik BB A R U
SR T I R WA PR R, AR S
SR S -4 ] 00 38 g AT PR (LR 2) , B
ME=(K,/K,-1)x100% , H:H4 | K, Jp 70 b5 e il £&
MR, K, A %S (M 3 VS bR M fh 26 i AR, 24
ME>0 i, FROAJE BTG SR A3 , 287 56 5 {8 A 0 42 7
Me 738 015 >4 ME<O B, FR oA 56 40 i 3500, 27 2
JO A I 40 P ] B [ AEG L 24 MIE = O f 3878 AN A7 7 3
JTAN . FH R 2 AT il LK e 2 FOR R s
WA A R Ao R G I 36 SO R A A — S R
A 5 o 448 5 Bl U 55 % N, ME R - 25. 8% ~ 12. 7%,
S B g AR I R R IR AE 3 R o AR AR
() A%, ME S —25. 8% ~ —10. 4%, % T3
JRA A=K P S, AR T ik anAb BV AL 5 45 B
FrAb B W 1 5 8O FE AT 4552 Y N 7 SR
R il 5 A S SR FH 245 1 5 J5 DG A o 1T 2
R AT E— 2D MR BT AR SR
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Table 2 Matrix effects of the five nitroimidazoles and
six benzodiazepines in different matrices

Matrix effects/%

Compound
Grass carp Large yellow croaker Prawn
Metronidazole -25.8 -20.1 -10.4
Dimetridazole 8.9 10.1 -6.2
Ronidazole 5.4 -7.2 -10.5
MNZOH -15.5 -19.0 -16.9
HMMNI 3.2 -8.5 -4.8
Diazepam 9.1 12.1 6.7
Nitrazepam 0.6 -1.6 -3.4
Flurazepam 12.7 -7.9 -3.6
Clonazepam 1.4 6.3 4.5
Oxazepam 6.6 9.5 -0.5
Chlordiazepoxide 11.5 -12.6 -18.8
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YIRS %, LMEM L (S/N) = 3 i1 S/N =10
Sy 3 2 45 B AR B R PR (LOD) R A B
(LOQ) ., 5 FhANFERKIEE TN 6 Fhok — R/ 252591
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Table 3 Linear ranges, matrix-matched standard curves, correlation coefficients (R?), limits of detection (LODs),
and limits of quantification (LOQs) of the five nitroimidazoles and six benzodiazepines

Compound Grass carp Large yellow croaker Prawn LOD/ LOQ/
Standard curve R? Standard curve R? Standard curve R* (pg/kg) (pg/kg)
Metronidazole y=1.64x10°2+4.51x10* 0.9946 y=1.77x10°x+3.52x10* 0.9971 y=2.17x10°x+4.96x10* 0.9956 0.2 0.5
Dimetridazole y=3.14x10°x+2.77x10* 0.9973 y=3.18x10°x+4.76x10* 0.9966 y=2.71x10°x+3.75x10* 0.9965 0.2 0.5
Ronidazole Y¥=2.06x10°x+1.94x10* 0.9964 y=1.82x10°x+1.06x10* 0.9980 y=1.75x1032+2.55x10* 0.9963 0.2 0.5
MNZOH Y=7.97x10*x+3.10x10° 0.9974 y=7.60x10*x+2.14x10° 0.9974 y=7.76x10*x+6.57x10° 0.9974 0.5 1.0
HMMNI y=1.53%10°2x+7.34x10% 0.9982 3=1.36x10°2+5.02x10> 0.9963 y=1.41x10°2+8.30x10° 0.9968 0.5 1.0
Diazepam Y=2.76x10°x+2.58x10* 0.9979 3=2.84x107x+1.75x10* 0.9977 y=2.70x10°xr+4.36x10* 0.9981 0.2 0.5
Nitrazepam ¥=3.33x10°2+7.22x10* 0.9977 y=3.26x10°x+5.07x10> 0.9981 y=3.20x10°x+7.58x10* 0.9978 0.2 0.5
Flurazepam y=1.81x10°x+1.44x10° 0.9971 y=1.48x10°x+2.03x10° 0.9982 y=1.55x10°2+1.80x10° 0.9955 0.2 0.5
Oxazepam y=3.43x10°x+4.60x10* 0.9993 y=3.53x10°2+3.20x10* 0.9992 y=3.21x10°x+2.69x10* 0.9971 0.2 0.5
Clonazepam y=2.91x10°2+2.48x10* 0.9971 y=3.05x10°x+1.76x10* 0.9990 y=3.00x10°x+3.22x10* 0.9985 0.3 1.0
Chlordiazepoxide y=3.86x10°x+4.67x10* 0.9955 y=3.02x10°x+2.69%10* 0.9969 y=2.81x10°x+3.58x10* 0.9976 0.3 1.0

y: peak area of analyte; x. mass concentration of analyte, wg/L.
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Table 4 Recoveries and precisions of the five nitroimidazoles and six benzodiazepines in different matrices (n=6)

. Grass carp Large yellow croaker Prawn
Compound Spiked/ ( pg/kg)
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

Metronidazole 0.5 85.1 3.8 81.2 6.2 81.3 4.9
1.0 92.3 4.7 90.7 5.0 84.6 5.4

5.0 88.0 3.5 85.7 4.5 87.0 7.1

Dimetridazole 0.5 82.3 4.0 85.9 4.9 78.8 6.6
1.0 79.6 3.8 82.0 9.0 85.1 6.4

5.0 89.8 5.2 90.1 3.8 105.3 6.1

Ronidazole 0.5 79.4 3.6 80.2 3.8 86.6 4.7
1.0 88.3 4.9 83.5 5.2 80.3 4.1

5.0 101.5 3.7 91.7 8.0 93.4 10.3

MNZOH 1.0 88.8 7.2 101.2 10.6 83.6 6.9
2.0 94.6 5.3 105.8 5.4 95.5 6.7

10.0 102.0 3.9 103.4 4.8 94.1 5.1

HMMNI 1.0 88.2 6.1 93.5 9.2 90.1 7.3
2.0 93.5 8.0 102.2 9.6 101.4 12.1

10.0 106.6 3.3 110.6 5.1 103.5 5.4

Diazepam 0.5 83.3 5.6 85.5 5.4 80.0 6.1
1.0 92.7 3.8 86.1 4.6 84.6 4.0

5.0 93.8 3.7 101.2 6.2 92.3 4.6

Nitrazepam 0.5 90.7 4.4 86.1 8.1 82.9 7.3
1.0 87.6 4.5 90.5 5.2 85.4 6.6

5.0 89.0 5.7 92.2 7.8 84.1 9.4

Flurazepam 0.5 84.6 8.8 79.4 6.4 80.5 12.5
1.0 85.3 4.2 81.6 3.9 75.6 6.1

5.0 92.7 6.1 88.1 9.8 82.8 5.0

Oxazepam 0.5 87.2 6.3 81.3 4.6 84.6 10.7
1.0 95.0 5.9 94.6 8.2 101.3 4.8

5.0 105.8 2.6 108.2 5.1 110.5 3.7

Clonazepam 1.0 96.1 6.2 103.1 5.1 102.6 4.5
2.0 85.8 5.1 88.9 6.9 81.7 8.7

10.0 102.2 4.8 106.2 5.9 97.4 9.6

Chlordiazepoxide 1.0 80.6 9.1 73.2 14.3 78.5 11.1
2.0 81.3 6.4 84.1 7.1 82.6 5.8

10.0 86.4 4.7 82.5 5.2 84.3 7.3
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