A Biligiz-IK=F5H

PTCA (PART B: CHEM. ANAL.)

2023 597 L)) ]

LTEFE IR

DOI:10.11973/1hjy-hx202309005

BEkAEEE-REKREENEKFE
HIEEREAmBEKkPINESR EFER
MPpEEFRAEE

BRok T, B 8, xR, BRE, £ &', 305, HxXE, TET
(1. R Al A= 5 PR 5T W5 I 55 4 7= i ST AG I vt . R 3001935
2. WIERR B F S AV REIR S SRR, & 266101

B OB RKFRAMENES B 1.00 g, A 1.0 mg + L3 EA-d, (R AR) E & 10 pL
FeR20 mL, A PEAHBEY R BEFALEZEE SO min., RAHBLERAKRGTRI BB
5 min, ¥R _EF & A KZAEE 100 mL; fr 78 KA 2 0.45 pm 8 B 5%, IR E & 200 mL, s A
1.0 mg « L4 ¥4-d; ik 10 pL. 3k %84 . LR # e 8ikid NPO HLB B 48 3 BUE (328 A
5mL WE .5 mL /K&, A 5 mL K#kze, B 6 mL WEERR,FELET 40 CRA%RELTF I
ANARARIL 3 7T ) F B2 0.1 % (kAR5 2, TR PEE 2 mmol « L' TE&ZER®AR 1.0 mL
AR ZRR BERG B RS, RN ZHARMEE- B IRKAEER N T L P I ES T
GEHE PR EWEEE, L Waters ACQUITY UPLC Cys 4 4 B 248, VA R Bl AR AR bb 89 W B3 -
A 01%FERH 2 mmol « L' ZRARRBSRAADMIATHZRI, RiESHERAELRES
F(ESDR,EHF(ESI DA% A SR m WM EX, Afk L s, SRAN . TSR EHLOLX
HREEA 0.2~15.0 pg« L' AR X FHERB TR EHRGEELEERN 2.0~150.0 pg+ L', 3
e h R P B R(3S/N)S A 4 0.2,2.0,2.0 ng * kg ', KA P HRGS/N) S5 #4 1.0,
10,10 pg » L', #BAFEMANE AT BRI, W F H 84.8% ~105% , M 5T AL 69 48 4 4% £ 1#
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HLTE 24 it R 7 LA s A G 2 3 6 o 25 0 A
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BETT 22 AR BV 24 it v 25 W AG I B0 AR A+ Jp b 2L,

1 BT 24 T R ) R T VR A TR G 95 T R
WU 3 YRR G R R € % - £ IR B
PR RO Bk REUEAR, TR MBI R 2. W
SR PO I 2 s 9 e A3 A A Ak B, A B 24 i e
RO C - A B S5 3 3k B A i o 5 R R A
BB Tz o FINH A I RE 7 1 35 B AT i AR
T RORE G A R B R A
TR UM 8 35T TR R Ik v VR R
TENIAE EK G SR G T AR LG 245 5 RoK R 25
F8 [+ IS0 72 53k i R DL AR TE . M8 Tk AR AR
TR e ROCTR A €20 3 - £ B J5R 3 2k ) s 300 UK ™ I B
FERLIE 24 i L2 oK rp 1 e Bl 2 T 2% R 4 TR 3R A

yih
1 K ERSY

1.1 X 5iH

AB 5500 Qtrap % = = PO # #F 5t 3% X ; SHI-
MAD LC-30AD HY i & 2 AH 35 1 s SIMGA 3~
18KS A 5 3 8 R 88 0 AL s TKA-T25 A i ol 41 412
I HL; MS1 Mini-shaker %R 5 I8 % % ; Milli-Q #!
4K A% sNPO HLB [E A7 A HUEE (6 mL/500 mg) .

FAPRERE B 100 mg « L0, MERRARICED A
e BT AR TR R B AE T R AR A& 10 mg, o0 S
BV i OF E 45 & 100 mL, BE ) R Bk E R
100 mg « L' AY AR IERE 295 W, T — 18 "C L
fF o [EE B H AR CPh B -do) il 2 T TR

TR G AR VRS L - JBUFIS 545 A i 45 15 WK 0.1 mlL,
BT TR 2R L P AE TR AR HE AR A A 1.0 mL,
0.1% (AR T D R Y 2 mmol « L' LR #%
VIR R IT B 25 5 100 m, B ) AR 1 5 v S5 o e
0.1 mg« L', Bl 2 i 52 AP AR T AR 00 TR R R Y
J3 1.0 mg « LT IR BRI .

WARIE W : 1.0 mg « L', B BN A5 6iff 55 1% W)
1.0 mLH& 0.1 % HWER ) 2 mmol « L™ Z R %% %
WA B IF E A & 100 mL, BE ) %  &ouk E R
1.0 mg « L™ W NARTE T .

RA VR ER IR D) F% WS i 19 TR 5 bR 1R R
IR AARER . & 01 % HEREY 2 mmol « L' 4
T2 e 1 VB ¥ R, TG TR B D R Y BT i MR B Ol 0.2,
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0.5,1.0,2.0,5.0,10.0,15.0 pg « L ', P4 £ . fF
BHBEMEEWE N 2.0,5.0,10.0,20.0,50.0,
100.0,150.0 pg « L', AR R E WK E N 10 pg -
L 'R SR RS,

FhE BT R O R AN R -ds AR
HYAiBEA/NT 98 %0 HlE . G IR . LR
g Al s i K Ak,

1.2 USB|ITIEEHE

1.2.1 &#&n

ACQUITY UPLC Cy 5 3% #E
(100.0 mm X 2.1 mm, 1.7 pm); fi & 0.2 mL -+
min~ AR 40 CHHEFEARRR 5.0 pLs A A S
0.1% A 2 mmol « L' ZEREEVETR . B N FH 5,
BB VEFEF :0~6.0 min B, B 1 30 % F& &= 0, 1%
# 4.0 min;10.0~10.1 min i}, B /1 0 Bk = 30%,
4% 2.9 min,

1.2.2 R#EFMH

HL 25 B F (ESD R, 1E B F (ESIT ) i =X
B IRIRE 550 °C AT A ) 138 kPas hilf 18175
f# B (CAD) I E Medium; B %5 ML R 4 500 V; 4Bl
1) 344 kPas; R B 2 [ ) 344 kPa; Z ]
WEM (MRMD AR, A BT 3% S 8003 1, Horpr™ « 7
REFEEREE T

Waters

®1 RESH

Tab. 1 MS parameters

T AT /z g 22 4ot g L
B Cn /=) e i/ i/

\ eV

{4 B2 1 1] /

min

&9

BET  TET

FhR 2.27
oy 24 1 3% 5.40
PR 7.67
NEH-ds 2,24 248.0 206.0" 85 24

242.0 200.1,158.0" 85,85 24,31
890.5 305.1",145.0 95,95 33,58
982.5 569.4,307.3" 85,85 35,35

1.3 RWHE
1.3.1 #fduegar &2

TR S5 FE AR R YE 245 [ 25 o Ak 21 . ofE 0 A
IOK 7™ 35 5E AR R 24 [ A FE & 1,00 g, A
1.0 mg « L ' ¥hE-ds WK 10 pL 1K 20 mL, &
P B A B S B0 5 min, I EERAKER R
100 mL,

K7 FRGH AR B 24 i W S R i Ak B o R R
WK 7™ 35 56 AT AR B0 25 S FE A 1,00 g. A
1.0 mg « L' 4MEE-d, I 10 pL FIZK 20 mL, £
WHEIR IR A E B0 5 min, lUEE RN KERE R
100 mL,
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FRIE K RE AL B . F5 58 KRR 5 22 0.45 pm 8
1T IR 200 mLL RS MA 1.0 mg « L™ FhHE
Hr-ds W10 pL ARFIRES .

1.3.2 H & ayAi

A5 mL HFEE 5 mL /K% fE NPO HLB [ A%
B, 78 0 R SEURE . DAV U [ AH 26 UM 1 i) T4 4%
DL R R IR B . % 100 mL £ Ak 0 RE S v v
L /s Wi i © 3% NPO HLB [& AH 25 Bk
FH 5 mL 7Kkt . FH ok OB [ AR 25 U P9 A% b ok
Wk BRJEH 6 mL HEEBENL T 15 mL B0 4,
FHVEEH R T . BB T 40 CRMR ZIE T,
AR 3 = 7 W BE-5 0.1% W ER Y 2 mmol -
L ORI CGEZRBRD 1.0 mL, I € 1 min, i
AR 1 min, # A 1.5 mL B.0 &, DL
20 000 r * min~ ' .0 5 min, IR 0.2 pm JE
R, e FRAN A T A 2% 4R 5

2 HRE5E

2.1 BIEZRHEE
2.1.1 #shAe

Sy [F) B A D R e | T A8 BT 2R L B 4 TR 2R AR A LA
M RBUE 5B BOR I m I T 2 & 0.1 01
B2 2 mmol » L' SRR E W BE-7 0.1 00 H g
1) 2 mmol « L' & MREEWS WL H K. L IE-KSE
4 BSR4 i s AR R AT X L, SR KW, 5
K L S M- S AR R ARG, S HE- 0.120 R
2 mmol « L ' ZIREIH W WP I 0.1 %0 R 1Y
2 mmol « L' Z R B Bt 30 A A Fn] B S 42 v
TACRR P FER S5 AR, -5 0.1 %0 R 1)
2 mmol « L' CTREHS WA N i S ARIK 2 i H bR 9
05 5 S o, PRt g e £ P R 0.1 %0 R 1Y
2 mmol « L' ZRRE AR I sh IR R
2.1.2 &4

PRFE HA 55 A A 22, i 30 % %8 T Shim-pack
XR-ODS Cg #(75.0 mm X2.1 mm,2.2 um) . Ther-
mo Cig#(100.0 mm X 2.1 mm,5.0 pm) Ffl Waters
ACQUITY UPLC Cy #£ (100.0 mm X 2.1 mm,
1.7 pem) 85 I [a] €8 335 A X5 H bR 4 43 128 S0CR 19 52
ZERILIA 1.

& 1 A% LA Shim-pack XR-ODS Cg #:4EH
Oy BIAE BT AETE ER OAE TE R R R 2% el 5 B AL
ik s L Thermo Cis HEAE Ry 73 B34 BT 4 18 R L 4E T
FP U6 R TE L ) 7 5 A LA Waters ACQUITY
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Fig. 1 Separation effect of targets on different
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chromatographic columns

UPLC Cs HE1E N 43 B A, B bs 4 W T8 b, w17 3
B, PRI HE . Waters ACQUITY UPLC Cy b
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22 AHEAN®E

R ARAFFN R BT R R AR B R A A
SOR . W T ESIT 5 W W g% B F R B T
CESI O B AR 9 (0w 7 3 B L 45 R R 0 .
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B 5 g« kg B 2k T 2 B4 TR 9 A H B
100 pg « kg ' 7E ESIT H BT, LA B
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AR 7 Y-+ S8 i AR € 9 - £ IR0 2 ) R K 7 R B A R 24 o R K e A L T 3R A TR R 0 5k B

37T HHE-® 0.1% B BRI 2 mmol « L' Z R &%
WWRAIENERBR, & B s [ M+ NH, "
M) 37 568 B 3G KL AN /N T 3 A5 AR MR LT B Fh L Y
Kt BRI 3A %) 0.2 pg » kg ' BT 4E R R O e R 1
K PR AT A E] 2.0 pg » kg ', L IR ESTT
B .
2.3 ERZFERERIEE

R 43 9 L NPO HLB %, Waters OASIS
HLB #: Al CNW HLB # % 3 4~ & i HLB [# AH %%
HUFE (500 mg/6 mL)1E N H A5 9 i 4k 42 BOkE: , % 42
TORTE HLB & AH A B X 9 B3 24 & 3 Fp H b
Py 4 USSR, 25 5 LA 2,

gE R FE M 2 R . Waters OASIS HLB
HE RO AT L H e A B E] 4 s NPO HLB i i
R R AR PR [ A AR SR e (E R Al AR R 25 CNW
HLB A i A 3 ZR 5 B, 1 Ab 00 SR e 0 o AL T i 2 2R
ANHEAE L LA %R, KA A A BCR H NPO
HLB FEAE Ay [ AH A& BORE S [ o 1 F 20 20 L o o 32 s
ER
2.4 tREHEZ K HRFAMNE TR

F AR TAR SR TR A AR IR T R A1 Fh A

| BfEs BRMERR 85FRERR

100
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Fig. 2 Recovery of 3 targets in non-standard drugs by

different solid phase extraction columns

e BT TR 2K D AR T R B DU RS- d S R Y
i A TAR ¥ AR L #E4T A 35 LU H AR 9 i
YR R R R R A L AR B DA H AR
e 1A AR P9 A e T RR B4 LU (E S A A8 R 22 i s i
2. AR H bR 4k T IR 2k [l )3 05 A A O
RBOLER 2. BA/NT 3 AAF MR L2350 31 55 AR ML
24 b FKRE R 25 BAR Y B A HH BR L 35 A /N T 10 1515
e LU0 ) 5 AR LT 24 i A KRR TP A E AR G I 2
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Tab. 2 Linearity parameters, detection limits and lower limits of determination

Rt B 5 R
e ﬁfﬁ?ﬂ AL Ry R MRRB ez w/ AR o/ AEBGZER w/  KEE o/
(pgo kg D (ng+ L 1) (pgokg D (ng+ L1
FhRE 0.2~15.0  y=1.470X10"32x+5.440X10"3 0.998 9 0.2 1.0 0.5 2.5
FT4E & 2.0~150.0 y=3.760X10"32x+1.290X 1073 0.998 9 2.0 10 5.0 25
PR ZE 2.0~150.0 y=2.370X10 *x+5.680X10 3 0.996 9 2.0 10 5.0 25

2.5 RBEEMEKIRE
PEHZS AR FLYE 25 b [ 25 RE & A SRR LK
TR FE T, 43 B AT 3 A BE K B9 b B

B BE K04 6 A AT RR S TF A [ IOR K )
S8 1R AR E D 22 (RSD) L 45 5 0L 36 3 FlI3E 4.,
gE LI H AR (0 Rl 84.8% ~105%,

R AEACHARERERTHEFENEEIKELE R (n=06)

Tab. 3 Results of tests for precision and recovery in non-standard drug sample matrices(n =6)

Jnbrat w/  EE/  RSD/

Jindri w/  EYE/ RSD/

- 9511 [ax?] (ug+ kg D) y y =35} (a7 (ug» kg 1) y y
B 2 AR Fh 0.5 94.0 5.7 AW 2 TR S R FhE G 0.5 96.0 7.4
5.0 96.4 4.2 5.0 97.6 5.8

15.0 96.7 3.1 15.0 105 2.9

Fiy 4t 7 R 5.0 92.8 6.5 By 4 TR R 5.0 89.2 7.6

50.0 95.0 4.7 50.0 98.6 3.8

150.0 97.7 3.9 150.0 96.9 3.2
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= 3(%)
it w/ YR/ RSD/ it w/ R/ RSD/
Jit & Jt & '
B &5 (ug~ kg D) y o B R &Y (ug + kg D) y y
E 5.0 94.2 3.4 YT &R 5.0 98.2 6.3
50.0 97.4 5.3 50.0 97.4 1.6
150.0 98.9 1.6 150.0 101 3.7

x4 TEAEERPHBEEM@KKEZER(n=06)
Tab. 4 Results of tests for precision and recovery

in water sample matrix(n =6)

S way le]ﬁJqT';p/ i 2/ RSD/
(ng+ LD % %
K FhRE 2.5 93.6 5.8
10 94.2 5.1
50 103 2.9
o 24 1 2% 25 84.8 8.4
100 93.6 4.9
500 97.2 4.1
PR 25 93.2 7.5
100 95.1 4.4
500 94.6 3.6

M EHE RSD N 2.9% ~8.4% ., VA7 1 1& & K
PR B AR RN 24 i Kok R RE e BT A T AR DA T
RIFRE T,
2.6 HEmaW

Foe B I0 77 vk 4 i RT3 19 80 AR RLIE 25
i 55 KRR AL 38 2% 3] AR AR TR KO B R R O B
R R AR AR AR LK R A RS . SR
s 1A AERLE 2 SR b RS B T R AR R
718 mg + kg ' 1 ANUKEE RS HFR B, AR B
3.2 ng e L0 AR S B RAG

A TAESR T e A5 A 0 T ER IR 5 S 7k ()
EF I K ™ S B A R 24 i Bk rp b R | ] 4
WE PERRREENIE, AEEAIE R
B A L AT B A DR A T R S S S O o
4 R BLK
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Determination of Residues of Prometryne, Avermectin and
Ivermectin in Non-Standard Drugs for Aquaculture
and Water by Ultra-High Performance Liquid
Chromatography Tandem Mass Spectrometry

CHEN Yongping' , BAO Yan®" , XU Wenlong’, CHENG Zhenhua' , WANG Hui' ,
HAN Xianqin', SHI Wenbo', WANG Yuanning'
(1. Testing Center of Tianjin Agricultural Ecological Environment and
Agricultural Product Quality» Tianjin 300193, China ;
2. Qingdao Institute of Bioenergy and Bioprocess Technology . Chinese Academ'y
of Sciences» Qingdao 266101, China)

Abstract: The non-standard drug sample for aquaculture (1.00 g) was taken, and 10 pL of 1.0 mg « L™
prometryne-d; (internal standard) solution and 20 ml of water were added. The solid sample was centrifuged for
5 min after homogenization and ultrasonication, while the liquid sample was centrifuged for 5 min after stirring well
by vortex oscillation, both in which the supernatant was taken and made its volume up to 100 ml. with water. The
aquaculture water sample was filtered through a 0.45 pm filter membrane, 200 mL of the filtrate was taken, and
10 pL of 1.0 mg * L™ of prometryne-d; solution was added, shaking and mixing well. The above sample solution
was passed through NPO HLB solid phase extraction column (activated with 5 mL of methanol and 5 mL of water) ,
washed with 5 mL of water, and eluted with 6 mL of methanol. The eluent was blown to near dryness at 40 ‘C by
nitrogen. The residue was redissolved in 1.0 mL of a mixture of methanol and 2 mmol « L' ammonium acetate
solution containing 0.1% (volume fraction, the same below) formic acid at a volume ratio of 3 : 7. After vortex,
ultrasonic oscillation, centrifugation and filtration, the residues of prometryne, avermectin and ivermectin were
determined by ultra-high performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS), using
Waters ACQUITY UPLC Cy5 column as stationary phase and mixtures of methanol and 2 mmol * L' ammonium
acetate solution containing 0.1% formic acid at different volume ratios as mobile phase for gradient elution.
Electrospray ion (ESI) source was used for mass spectrometry, with multiple reaction monitoring mode in positive
scanning mode. Internal standard method was used for quantitative analysis. As shown by the results, the linear
ranges of the standard curve were 0.2—15.0 pg * L~ ' for prometryne, and 2.0—150.0 pg » L™ for avermectin and
ivermectin, with detection limits (3S/N) of 0.2, 2.0, 2.0 ug * kg ' respectively in the non-standard drug samples,
and 1.0, 10, 10 pg » L 'respectively in water samples. Test for recovery was made by standard addition method,
giving results in the range of 84.8% —105% , with RSDs (72 =6) of the determined values less than 9.0%. This
method was applied to the analysis of 80 actual samples, and it was shown that avermectin was detected with a
residue of 718 mg * kg ' in a non-standard drug sample. and prometryne was detected with a residue of 3.2 ng *
L' in a water sample.

Keywords: aquaculture; non-standard drug; water; ultra-high performance liquid chromatography tandem

mass spectrometry; prometryne; avermectin; ivermectin
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