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# E: BM 7 QuEChERS 454 &0 AR €38 - R K BT (ultra performance liquid chromatography
-tandem mass spectrometry, UPLC-MS/MS)E]E Bl g 7K 7™ i v 20 Fh 2 DRms 2 2454 1o AR P 5% B8 2 1)
ST B M A CIEHER, 2 Z R -N-P5 2B i bi(primary secondary amine, PSA) T H 1 S AL 47 0 fff
Refk, il Waters ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1.8 pm) ko5, L 0.1%F /KB H-2
& M shAR, R Mm% E B TR, £ &0 Wil (multiple reaction monitoring, MRM)#EZ T 430#r, JE i PLRET
MR AR E B EER 20 PR IR 25 ) K HARI I 7E 0.05~20.00 pg/L 36 FEI Rk 56 R AT (r?=0.9991),
TE25 FURE S BE BT R BEAT 3 AN AS TR BE ZKCOE B bR S2 36, ~F- 3 [ R 63.3%~105.8%, AR A 1E (i 22
0.1%~7.5% (n=6). Jridf iR 0.1~0.5 pg/kg, EBRH 0.3~2.0 pg/kg. AR IZIrEIRIERIME . REBUER
HER AT SE, 35 TR Al 20 BRRIFBRIRI 2459 K AR (4 D sk i A
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Simultaneous determination of 20 kinds of benzimidazoles and their
metabolites residues in aquatic products by QuEChERS-ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the simultaneous and rapid determination of 20
kinds of benzimidazoles and their metabolites residues in aquatic products by QuEChERS combined with ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were
extracted with acetonitrile, purified with primary secondary amine (PSA) and neutral alumina adsorbent, separated on
a Waters ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1.8 pm) chromatographic column using 0.1% formic acid
aqueous solution-acetonitrile as the mobile phase under the electrospray ionization mode, analyzed in multiple

reaction monitoring (MRM) mode, and quantified by external standard method of matrix matching curve. Results
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The linear relationships of the 20 kinds of benzimidazoles and their metabolites were good within the range of

0.05-20.00 pg/L (r*=0.9991). The spiked experiments at 3 kinds of different concentration levels in the blank sample

matrix were performed, and the average recoveries were 63.3%-105.8%, and the relative standard deviations were

0.1%—7.5% (n=6). The limits of detection were 0.1-0.5 pg/kg, and the limits of quantitation were 0.3-2.0 pg/kg.

Conclusion This method has the advantages of simplicity, high sensitivity and good reliability, which is suitable for

the rapid detection of 20 kinds of benzimidazoles and their metabolites residues in aquatic products.
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2K I BK ¥k 25 (benzimidazoles, BMZs)fk & ¥ & — 2%
H 2% PR TR W 2 2 1Y) 5 A I A B 1, HA B AR AR
d PO POREE . DUR AT LR SERY, g
ATl K- MEEFREW . PFRER, RIFokmes
254 K AR i 4 B A B R0 IR G B A T, ) ek
KufnE S SEZBLYESHIMENER, @it
Wy AL 3 10 TS e AR, HE R A A A
Y R AR A C Y BT, iR L RRAEAES 20 4
Fh 5ok s 25 25 9 1 T 8 & Sk o™ % 580 v 4 3R i
MBS, MR E R, EE. HARFEC KR
FF Dk v 28 25 4 ) AR e T A B2 B Sk, IR RITT 2R
Frokme 25 25 K SR EA B SR 9 (e 5E L L 41
21 WA B s Ak B PR i (maximum  residue limit,
MRL)!!

H A, ZRIFpRmeE 255 FmR ik E2A &
RICHROR 2 3 L08R - E B R R L ok 4y
Mragt2 1 B m pk k! e kT A
P Y A A i - BRI T R A O T A vk, B AT HE
PR R, EEEME TR, T2 E
b 28 43 [ B A0 A S UL 85, )3z i FH K 7 3R 58 i
FLZGER R0 AT BTN AE o AR Sk [ N A0 X R I R s 25 2
W EEAE D T RS . BE RS, 2k
ST A AT AR DU, TR K T R S 2 W Y o AT 4
A8, A, FREBAThRHE GB/T 22955—2008
TR | 8t R 8 r 258 I DR el 28 245 49 8% B o 1 0 2
TR 1 - AR K BT R vk ) v R BRE FAP 2E B —, AL B
R B, B, AR HRAT P E sk . R
F RS B QUEChERS ik 8K, 83 5 4k o 3%
FTIE AL FE SR TAL RS, A N R R SO A 03 - R
JO i 2 ) BRI A K R 200 R S R S 2 4 K
HACE 5 BT 5k, LU K™ & B % 2 R
g RUILEREE S5 3 Nt =

1 MR5ERZE

1.1 XFE5RF

REFH 1-Class/Xevo TQ-S 8 s SGBUAH (21135 Fp B ST B
FAL, BeA HL 8T 55 % U (electronspray ionization, ESI) .
ACQUITY UPLC HSS T3 ff i # (2.1 mmx100 mm,
1.8 um)(3& [ Waters 23 #]); Multifuge X3R =53 & O HL(EE
Thermo Fisher Scientific /A #]); KQ-500DE $4:#75 i i vk
WORSERM R R A A RAE]); GM-200 =&l #1=0
TR (5 FE b /A 1)); Vortex Genius 3 IRHETR A f (75 IKA
7y 7]); AUTO EVA-60 H AWML (EE Reeko AH]).

20 FARIEBRIEAS 24 K HACHIPIER G bR il (L&
D(RRHE R 100 pg/mL, REP/RIERHARATR); &
&, WEE, 2R . ZROTR(tiE4l, 725 Merck 2 H]); 4
MR (B4, 351E Thermo Fisher Scientific A #]); HHER({
Tka, FigRTRL T AR IR A RA D, EC ke, &b
. JOKBREREN . JOKBREREE(rAral, Mkl );
& —JME-N-4 3 H i bé (primary secondary amine, PSA), +
J\Joe FLAEA 1 I W 96 5] (ostade-cylsilane, ODS-Cg)(RHEH
PHISEAS IR D), P A R B 5] (AL-N (T 245 48 BT 4k 2
R R RD; SEB K Milli-Q i 4fiK

KT B AT
1.2 XWFHE
1.2.1 B AL

RAPRER I ERf IR 100 uL RS PRIER R T
100 mL 755 fifirh, MRS ZS, BLhla 100 pg/L IR ARUE
HIEIE, T-20 CCUKAHTRAE 3 .

T Az 0.1%H BR/KIF: X 1.0 mL AR, FH/K¥%
fift3F 7€ 45 % 1000 mL.

1% LR ENERR: B 1.0 mL 4R, FNEEmItE
2% 100 mL,

1% R Z 57 B 1.0 mL H /R, A CIEmMIFE
2% 100 mL,

50%Z Mt KEW: B 50 mL ZJETF 100 mL 25,
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RUKE €42 2 100 mLo ® 140
30%Z KW B30 mL ZET 100 mL 255, s waw BET  FET WL AEE
PR IF 2452 100 mL, mz)  (mz) HJE/NV  fgRev
30%H BE /KA B 30 mL T 100 mL A i, BTk 2401 1332 30 27
RUKFHE I E 22 100 mL 4 LR
o 240.1  198.1 30 18
30% ZTE K 0.1% W )% W: L 20 mL ZJE AN
100 uL HR, F/KVAEMIFE 2 E 100 mL. S S 33.1 2031 30 15
30% H EEIK (5 0.1%H RIS : I 20 mL HEEf 313.1 83.3 30 24
100 pL R, /KW f#FF/E4¢ 2 100 mL, s60 1591 30 -
122 Hepara 6 BLIS IR
B EBGE Rt DL, FREEATBIALEL: a2 3160 LT 30 19
R, WA TBULASER &R, NIRRT P 447.0  383.0 30 15
S - , \ . 7 P K
MBI G 28 o ERRFRIS G ke 2 ¢RI = 0.01 g) 000 2680° ., "
F 50 mL 2.0, A 4 g EALEIAN 5 mL 25, RIER 3 SR T ' '
4 1 min, #FEHEE 10 min, LA 4000 r/min &[> S min, F1H 300.0 159.1 30 30
W ZE 75— 50 mL B8 T, AFRE T IA S mL Z8E " 2021 17517 30 24
s N N N ey NN 9 IGE R TR
BER—K, §3F 2 R EWER, WRRSRHREEC & = 202.1 131.1 30 30
et I:l]] ‘i'] A A;‘A;‘\
£ 100 mg PSA 1 100 mg H A ARG B S0 mL 250, 061 2641° 20 20
Eeh, WIEYRY 1 min, LA 8500 r/min 2.0 10 min, B % 10 R 2R A 2061 105 %0 25
T 40 «CASMET, H 2 mL 50% G- KB RER, B ' '
e . . 250.1  218.1" 30 17
JiEdR% 30's, i 0.22 pm JEMEIS LS T
1.2.3 A8 &35 B IR & At 2501 176.1 30 26
(1) AH 35 45 1 " 2481  216.1° 30 17
S kY 12 H T
ACQUITY UPLC HSS T3 iﬁ,lg.fﬁi(ll mm><1\00 mm, asl 173 20 20
1.8 pum); FEhAH: A K7 0.1%H BUKEER, B HZIE; BREVLN 3501 343.9° 20 ”
PP 0~0.80 min, 10% B; 0.80~4.50 min, 10%~100% B; 13 = S ] ' '
4.50~5.50 min, 100% B; 5.50~5.60 min, 100%~10% B; 3591 1981 30 25
5.60~7.00 min, 10% B; J#i#: 0.350 mL/min; F:3E: 40 °C; ik 3320  159.1° 30 36
ﬁéé'l L 14 PAS Sy L)
& 1o 3320 300.0 30 20
Q)i 4% .
( )}ﬁ}a*ﬁ:ﬂ; ‘ ‘ o 340 1231 30 29
BEFUR: W s TR, B B TR I 15 AR
WA= 2 O W (multiple reaction monitoring, MRM); 3141 2820 30 19
é Pare £: 1.0 kKV: = »‘/‘:El iF- 150 °C: > »‘5‘?§<| V=2 =| R 238.1 105.1* 30 27
+ Hﬂa%ﬁw ; IR ; Eﬁfﬁujﬂiﬁmg: 16 L ATk
500 °C; WiV F S : 1000 L/h; HEFL R W S0 238.1  133.1 30 35
150 L/h; AL Fr ZHOLH 1. spptEne 2981 16017 30 28
17
T 1 20 FEHFRBEGY R ERHMRIESH L2 298.1 266.0 30 17
Table 1 Spectral parameters of 20 kinds of benzimidazoles and
their metabolites sopestmpgepg 2181 19117 30 22
18
BET  TET WL pHEmek i
o N 218.1 1470 30 28
L L (mizy iy  BEN  feV
2661  2340° 30 18 DA, 2561 9527 30 35
I Bk g A uf =
266.1  191.0 30 28 256.1 1232 30 24
282.1  240.17 30 9 .
2 BT R I AR 303.0 217.1 30 24
282.1 222.1 30 17 20 PR TR
298.1 159.1% 30 35 303.0 261.0 30 16

3 o] 24 35 AR, .
298.1 224.1 30 26 W ChERE T
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2 GER5HH

2.1 BUuEFHBMmL

R EE R 100 pg/L AR AR HE G T I
Petl, 1EIE B REE BEAT B — e A 1 B,
FHBI AL TF RIS 25 ) (9 31 1 I8 ((M+H] ) FVRRAE R J17
U, i U HEAL L R R R R R, e R T
o ST DR/ B XA R 0, H A
T3 A5 588 B Fre R ) 2 1 XA DA s ik X, e — AR
A U AR S AL, U TR I B R A, 20 FPOR
Ik 2 K AT AR G BTG S B R 1.

22 BIEKHMRL

AR AE AR R 3 45 T % %8 T XBridge BEH Cjg
(4.6 mmx100 mm, 2.5 um)H! ACQUITY UPLC HSS T3 (2.1
mmx100 mm, 1.8 pm)ZFERCR, G5FR AR XBridge
BEH Cg (35 A1 HE 740 B BT TR0, FL AT Bebi iy H bR
YR /0, WisRA ACQUITY UPLC HSS T3 (AigH:pkfT
Sy B, AR LIRS RAFI 2 BEACR, £ R Bt
FR, T HATAE 7 min NS — ARSI AT, 48 T 4l
B, W 1, FEARREEES ] ACQUITY UPLC HSS T3
SRS T

AW M UA G- . R EE-0.1% R K . 2 -
10 mmol/L Z, & B %5 i 1 2,15 -0.1% Y PR 7K 1 TR i 3h AR
BT AR PRIAR F 0 H AR 1 € e e B LA R e )7 5 B
HIRE . 255K, LA -ZK A Z5-10 mmol/L Z,FR ¥y
WAE R SARES, H AR 535 5 N B AR, RBUE T
R, Y7KAH O R IS A TR BE RIS, 25 H AR 431
Wi 15 5 35, FLAT B C ik I Y, XU T i Sl AH
HRR I S P R A A R DR IR R S 2 1) B AR AR,
P v A I R o Y AR B S U sl AH 9 A LA 43 B
R 2 e TR 1 2 5 T e DA R T ke, T U T A
] A LA B R ok . TR, AR e B L 2 6 -0.1% HH 1R
IR AT R T S AH
23 REIACEEHRITK
231 HERREHKAL

IR H IR R EELA G 2]’ L
B F A U A S 55K T 0 1%L BRENE « 1%
R NG . BRI TR BRI IO . 45 R 2 Bk,
SR PR A S SR IBOBET, B Gk | SRRk | PR ke |
S FERIBMREE H AR BRI T 60%, HLH T IE &
RO 2%, A 32 0T My 5w 1R) ek DA 35 55 v R R
T R L BREE U 25 5 & A= FLA IS, UL BRI &
SR I K i T TR FLAR B G B O e, R
S T BARA RIS 2 PR BRI AT
M. b, WA RIFMTEESE A RMER, &

TG LERE— LA B A, IR N Y S IBUSCR
5 IR — 2, XA AR R MR I N SR U 2 iR
B PRER, i A 2E AR BUECR, N A B S e 4 LU
YRR A BRI .

3.0x107
2.5%107
2.0x107

1.5x107

SR /cps

1.0x107

5.0x108 | m
| |
2

B 20 TR IF ke 2590 K AT BB iR
i (1 pg/L)
Fig.l Total ion chromatogram of 20 kinds of benzimidazoles and
their metabolites (1 pg/L)
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3 4 5 6 7
PR B ik (B /min

FEFE A A B R I AR A, R T HL
A5 KA A2, T RER B 43 HORF S AU UE T 43 2. 1 A
FH, Rl B T H 043 K 2= T, AT B i H AR 4 43 1
IR, ARBFGE T T K BRIR AN . S AL B AN TC KRR R
BERER TR, S5 3 BiaR, SRAJG KB B4R i
IRME | ZEIE M M A I R = G R A I Y [ IR A T
60%, TG/ BRIR BT = SR IAME | S H RDRIE N 2-
FEEF AR IR ESCR FRE T 60%, Tk S Ak Al
AL BESFAFRAF I ERAT AR, RIS IL BN RE S e i L BRoK
Vv T, IR e A AR P S R AR . BFSE
E—2 2557 R A7) P k0 B SR R R BORR: B B
RIBEAT RT3 g i, MG AR, 5 s
YIRS BT TR, (A HERT 4 g B3k R47
MIERITRCR, LA HIELL EINE, AR 4 ¢ Afbih
FEREEMTH
232 AEthit

R B RE S AR ROR, D 4R B P 4 B AR
YRR TR, AR QuECKERS 1k R .
QuEChERS J57: % R LR PSA  Cog Jo/KBREREE .
ToKBRER NS, Hoh PSA EEHA TR VIR MbEAER .,
G B BT LA K — S A T C g B R RE A K
KRG R AN [ RS L AP JOKBRRREE . oK B R
O] 3R] LA T R BR A AE T o A% Chg. PSAL
PEE AR LUK TG BRBR N A TG K BB B AL AR v Th 3L
BT T HER, G5 4 FoR, R Cg W BRI XoF
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Fig.2 Comparison of the effects of different extraction solvents on the recoveries of 20 kinds of benzimidazoles and their metabolites (n
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140.0 ¢

120.0

11200  ——C,+PSA
—— PSA+Na,SO,
—— PSA+MgSO,
160.0 « 7 PSA+ALN
;E_ B2 50 mg+50 mg
= V] 100 mg+100 mg
190 5 E= 200 mg+200 mg
& XY 400 mg+400 mg
600 1800 mg+800 mg
-2
=
-)v
-120.0 g
i
=
-180.01¢
—240.0

§
¥
5
100.0 |
oy
B .
2 800 [f B .
] o b
E AL
E 60.0 [ & 4
< AL
Z 400 |3 B ¢
< 400 BN G N
o ¢ 0
S 200 ¥ ¥ 0
= b ¢
A
0.0 ¥ &
o
$
G
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P4 b beE 20 Rl I BRme 2 ) K ARSI [EDIO8CR 52 I Y HE 45 (n=3)

Fig.4 Comparison of the effects of purification materials on the recoveries of 20 kinds of benzimidazoles and their metabolites (n=3)

24 ERWK

F ROV (matrix effect, ME)F&5 H R 9 3L 7] JA
TR it P R TR R 1) PR 0 5 380 B AR BT RIS S
SR EE R AE R R AR AL A B G, A4 R SO 4 5 A0y R R o
PORORE P22, BRI A SRR RN AT A SR A RS
PRI T A 0 BT B8 N A T VAN o A T il 2o il 7R 42
A v T ot 2 RN R VG P b o il R P, R LK J
FRRCN s, T AR ME(%)=(3 57 VT BC AR VS W
iy 28 ARk S/ R BR E VA VR HH R ARER 1) 100%, 17 {H 3R JE
AR, 1E A e JE BTG SR AN, 46 KB R U] Z R
RN BEGR . AW R 1 DR 26 R T
FE ROV VAL, 17 R BB -27.4%~8.9% ., T I,

AR5 2R FH I DG e Y 2 S 125
25 FHEEMTER. KERERESR
LR E AT, SR S [ 3 0T T 32 R R D
il — ZR BN ) e B TR A A TR, DAZE IRk 25 254
B FLAR P o W TR (Y) R AR, T VR (X, pg/L)A
BEARAR HIARME TAEMZ . G50, FIFpRms 254 K
HACEILE 0.05~20.00 pg/L WL I N PESE R R AF,
KRBT ET 0.9991, &t HFE 2. FIFHBIME
FEFERE S BOIER mDR 2B, L 3 R A R, 10 1%
{5 B Ry o i B, A5 3 A A I R S 24 ) B LA 1
G BRAE R, AT IR B 0.1~0.5 pg/kg, R
9 0.3~2.0 pg/kg, ULHAZ T EA RAFAR UL,

F2 KT 20 MR R B R GRS

Table 2 Linear calibration equations of the 20 kinds of benzimidazoles and their metabolites in aquatic products

latgy] Ffh F1l [ESROEI
B 2 i e Y=1.44x10°X-884 Y=1.42x10°X+2.01x10° Y=1.26x10°X-242
i 25 K 1 I R, Y=2.68x10*X+233 Y=2.81x10*X+349 Y=2.90x10*X+775
] 28 5 I R, Y=5.04x10*X-154 Y=5.57x10*X+526 Y=5.26x10*X+746
] 2 1 e - 2 - A Y=3.64x10*X+100 Y=3.50x10*X+179 Y=2.86x10*X+893
M 4 i) Y=5.93x10*X+9.26 Y=4.99x10*X+1.66x10* Y=5.19x10*X-182
HIT R Y=4.83x10*X+772 Y=5.27x10*X+771 Y=4.96x10*X+684
A 2 e Y=6.97x10*X-296 Y=5.35x10*X+593 Y=4.35x10*X+514
PA ST Y=1.25x10°X+1.48x10° Y=1.39x10°X+347 Y=9.87x10*X+1.17x10°
IBE R TR Y=6.13x10*X+379 Y=5.97x10"X-7.19 Y=5.78x10*X+129

H
4
=

Y=8.67x10*X-402

Y=9.11x10*X+350 Y=8.00x10*X+1.22x10°
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F28)
a4 i Sl FEJEROLIN
L% Sy Y=1.52x10"X-1.45x10° Y=1.47x10°X+3.01x10° Y=1.42x10°X+19.0
[/Ep:S7N Y=1.59x10°X-1.13x10° Y=1.71x10°X+49 Y=1.60x10°X-202
X 1 S Y=4.79x10*X+1.02x10° Y=4.44x10*X+737 Y=3.97x10*X+1.25%10°
IR IR IR AR Y=5.30x10*X-708 Y=6.42x10*X+302 Y=5.34x10*X+3.87x10°
AR K Y=4.66x10*X+1.45%10° Y=5.37x10*X-145 Y=3.74x10*X+201
£z i NN Y=3.81x10*X-446 Y=3.58x10*X+1.43x10° Y=3.46x10*X+205
5-F2Hk FH 2R R e Y=1.65x10*X-109 Y=1.62x10*X+668 Y=1.25x10*X+612
5-F2 FEE AR DR e Y=3.78x10*X+123 Y=3.74x10*X-310 Y=3.46x10*X+398
2-F IR T Y=3.19x10*X+40.1 Y=3.14x10*X+1.00x10° Y=2.56x10*X+577
POR R Y=1.56x10°X+950 Y=1.42x10°X+999 Y=1.20x10°X+955

2.6 [ENERFBEZEER

PR An | 3 DRI 58 R BA P S R A 43 B A
3 AT K ST A8 A I 8 S 556 (BT 24 A 1 IR o] 248 T A L
PRI TR IE-2-Z JEAN . BT aRmE | FEORGRME | IoRakme 2%
FIRMBIN . HURIRME | S-FRILHITREDRME | 2- S FEF IR AW
B RMER 0.1, 0.2 F1 1.0 pg/kg; BUakme | B KM
1 5-RIRBERBE MY 0.2, 0.4 F1 2.0 pg/kg; MR . HEa%
WG, ISFRIRME | WEFRIRME | = SR A R 2 R Rk
7 0.5.1.0 F1 5.0 ug/kg), # LR ARib Ty b g T RE AT AL 2,
BB 6 AT . SLHRLERRY, Fa, [
D1 R 26 EORER BT rf 20 R (0 SF- 2 v DU 3 43 )
63.3%~104.3%. 67.2%~103.1%. 63.5%~105.8%, FHXIARE
T2 (=64 0.1%~7.5%, Frh 20 FhAEIFRmEAS 254 S
e R A | 11 DURTES 36 U6 R80T i~ 3 T e
BT R 63.3%~90.9% , BT 5 I VKL 80.4%~104.3% . BT
FRIBIATI 71.0%~99.5% | AT 15 142 -2 JEARL 73.1%~89.3% .
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