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SOFERRBEAGEO T E, Hoh AR 05U UARRSH) TRIERRZ A, TIHKE SR, IR
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kg ' Hm 0.37 pg kg L ERERRBH RS,

EgeiE, A, BAKY,; BMFR(SPE); £ 520k 48 & # -3 3 % % (UHPLC-MS/MS)
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B T 1
1 KEEH

1.1 UE5RA

AB SCIEX 4000+ ﬁ”%ﬁ&w&*ﬁ@%f T Ik
FHAL s HSC-24B # R WAL ; GT10-1 A9 5 3 5 0 AL 5
Vortex-5 BIIREIR & 7%,

30 PhES A IR B bR MEVES W . 15 0 o OB L A%
2 CAS G’ RO e BE L% 1,

TRA R R . B 0.5 mL 30 Fh2s F A& 25 1R
AERTR L CH O EZAE 10 mL JF, 48 1 mL,
FHH R EAZE 10 mL, BE i B0 A bR R

G IR 3 ki 4 W R 4 | 2 K 38k o i
afi R I KR ZE K, Sl A REET R 25,

FR1 OMHERAKLGCASHESKRERE

Tab. 1 CAS numbers and mass concentrations of 30 forbidden pesticides

latn? CAS #i 5 o/(mg+L™1) ey CAS %5 p/(mg+ L1
e 10265-92-6 100 L PERE R 2588-4-7 40
P30 22224-92-6 40 W 75 56-72-4 100
LT 31972-44-8 40 W B 947-02-4 60
F 20 R RIN 31972-43-7 40 e 13171-21-6 100
b o1 944-22-9 40 Tofs K J 116-06-3 100
A I 3689-24-5 40 s K BUIR 1646-88-4 100
FTNED 1563-66-2 100 VDY AT 1646-87-3 100
3-FRHE 50 16655-82-6 100 /¢ 6923-22-4 60
JH 24 ik e 97780-06-8 100 P IR 1 8065-48-3 40
PR R 74223-64-6 100 KL 13194-48-4 40
AR 64902-72-3 100 TR R 56070-16-7 40
i 2k 95465-99-9 40 T R 10548-10-4 40
SE T 42509-80-8 20 7K e i 24353-61-5 100
ke R0 298-02-2 40 FN 6164-98-3 10
RS2 AT 2588-3-6 40 FH 5 S A 99675-03-3 40

1.2 U TIEEH
1.2.1 &5t

Spursil Cis 8 3% # (100 mm X 2. 1 mm,
3.0 pm) s AEIR 40 °C s A A&
R EE 1 0.1 % (AR08, T IR R, B A 4
U 95+ 5 G- 5 mmol « L' HERE Y 0.1%
F RV W MR A G T i 0.3 mL » min ' gE AR
2 pL BB EE VR FE JF .0~ 1.0 min B, A F 70%;
1.0~12.0 min B, A B 70 %K E 0, 4£4F 2.0 min;

5 mmol » L

14.0~16.0 min i, A /0 FFZE 70% ,4£F5 4.0 min,
1.2.2 migE&#H

FL 25 B F (ESD R . IE B F (ESIT ) B H ¥ 5
BRI 500 °C 3 HImESE HL K 5 500 VS5 AU
71 345 kPa, §fi By R K J1 345 kPa, K A4F KR J)
138 kPa; 3 B A] 20 ms; 22 & B W (MRMD 485 5K
iRl

30 FpAE A2 1 BT 40 0L 3% 2, o % 7R
FERE TR,

R2 JOMEARARESH

Tab. 2 MS parameters of 30 forbidden pesticides

[ wan ﬁﬁﬁﬁ\l‘rﬁﬂ/ B X B AT b Tilf 45 i o / EREE/
min (m/2) eV A%
1 P i ol 0.85 142.1/94.1% ,142.1/125.1 18,17 62
2 [P R RI 0.86 206.9/132.1* ,206.9/89.0 9,18 60
3 AL 1.08 224.1/193.1* ,224.1/127.1 11,17 65
4 o R 1.22 223.0/86.1* ,223.0/148.0,240.0/223.0,240.0/86.0 21,13,12,26 72
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x28)

[ ey M%’mﬂia;l‘ﬂ/ &Jﬁ’;fi’yj)ﬁtt Eﬂ'ﬂﬁf\‘fi/ %%S/EE/
5 3-FR I T H B 1.87 238.1/163.0% ,238.1/181.1 19,16 80
6 T 2 W 2.54 256.0/140.1% ,256.0/168.1 36,22 86
7 AL T AN 2.88 320.0/233.2*% ,320.0/171.3,320.0/292.1 31,31,20 60
8 A Bk 3.12 197.2/46.2* ,197.2/117.2,197.2/152.1 45,35,25 55
9 [3i3 3.15 300.0/174.1% ,300.0/127.1 18,27 78
10 K, 3.27 208.1/116.0* ,208.1/88.9,213.2/89.2,213.2/116.2 11,20,24,17 50
11 LR BT 3.98 336.0/266.2* ,336.0/188.3 25,37 60
12 P g 3.98 382.0/167.3% ,382.0/199.2 22,30 113
13 S 4.32 358.0/141.3* ,358.0/167.3 20,20 60
14 B H L 4.35 222.0,123.0* ,222.0,165.0 21,15 66
15 R 4.58 277.0/171.1* ,277.0/97.1,277.0/143.0,277.0/199.0 16,49,25,13 80
16 JHle A Tk [ 4.61 411.1/196.3* ,411.1/168.3 24,40 90
17 A 5.42 259.2/89.1* ,259.2/61.0 12,40 45
18 T R 5.76 305.1/187.2* ,305.1/97.0 14,50 40
19 7K B B 5.98 306.9/273.0* ,306.9/289.9 9.6 10
20 LiERR73 T 6.02 293.0/247.1,293.0/115.1% ,293.0/171.0 11,31,15 75
21 IR B 6.42 304.0/217.2* ,304.0/234.3,304.0/202.0 30,22,47 105
22 p&q 6.75 243.2/97.0% ,243.2/131.1 35,25 80
23 T B IR 6.99 321.1/171.2* ,321.1/97.0 17,50 60
24 SA ML B 7.86 314.0/162.3* ,314.0/120.2 19,36 80
25 i 2k 8.26 271.1/131.1% ,271.1/159.2,271.1/97.1 29,18.43 76
26 PP S A 8.50 332.2/273.1* ,332.2/231.2 10,20 60
27 5 7 8.61 363.0/227.2% ,363.0/307.1 38,24 60
28 b B 8.71 247.0/109.1* ,247.0/137.1 25,15 20
29 R U 8.78 323.0/97.1% ,323.0/171.2,323.0/115.0 45,20,40 45
30 Rl 8.85 260.9/75.1* ,260.9/47.0 17,53 40

1.3 REHE
1.3.1 #R

W PRI 3.0 g K3 BEOF I 3 5 0 (AL AR
0.355 mm) I FE 5 B K F 50 mL &0 8 . A
0.5 % RN HO LR 15 mL, I e i H 78537
M HCE 30 min, A 15 mL Z B, REIRAT IR
5 min. A ZEHERE (KB IREE 6.0 ¢ 5K LW
1.5 @ LR PR 3 min. B FUKOKEG g4
10 min, LA#E3E 6 000 r » min ' B0 2 min, B 9 mL

iEW AL,
1.3.2  #1t

ProElut SMC B CHEL , BEIEEA 9 mL
W BT ., 4 2.5 mL, B T AR

o 754

B A 50 pL ZOK BRI ST, T 30 CAKIA MR
227 0.5 mL, HZHER R 1 mL, IR, MA
0.3 mL 7K, #% BRALES TAR SR EAT I e i BR[F] A
J7 LRI A A R R R AR E 0.5 mL, 15 5]
6 I D JE

2 ERE5FR

2.1 BEEREE

I % 2T Leapsil Cy 3% A (100 mm X
2.1 mm,2.7 pm) . Spursil Cis 4 3% M (100 mm X
2.1 mm,3.0 pm) X { A b 1V R Ak BT DE VR &
o YR TR VB A 2 A BRSO € 3 R T 2 e, 4 2R
NI
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(76 A A% B s 0O €03 S IR T I R 1 2 30 R AR IR 2k B A

A
79 8.2 85 8.8 Bl 9.4 97T
t/min
(a) IRBFRUEFET , Leapsil Cyg o4
72 75 7.8 8.1 8.4 8.7 9.0
t/min
(o) RABPRAEG W, Spursil Cig (A

& 1
Fig. 1

2E LR A Leapsil Ci (OIS AR IR & PR i
WP R A W oy B R U TR R HTE S S
Hh B R A R R R R BON R, 5 A AN R 4
B {d ] Spursil Ci B iSAE BF, B LR BE7E S} 2 3 i
AOOR B B W e, H R U AR s, 5 2 B B UL,
X & T Spursil Cyg 835 AT iy A M 5 T 2 L X il
PR G YA B R B A B E R . Bt 150 %
FELL Spursil Cg O35+ 4 [E 2 4,

i
S
‘ =
7.9 8.2 8.5 8.8 9.1 94 9.7
t/min
(b)  FE RV ACIR A AR VR T . Leapsil Cpg (i

72 75 78 81 84 87 9.0

t/min
(d) HEJ5E DT AC TR A& B3 V8 W . Spursil Cog 05 4

L £ W B BB 2 T R €3 1

Extracted ion chromatograms of codusafos

Uik & ik 1%

15 EST R SR A bR i WA T 2 1 4 15
B A A2 BERS 1 AR I X RE RS 0 i — 2 Y RiE i RE
BT AR AN TR T SRR TR T
PH/NI T 8 o AR D R i E VRS T e AL
il 49 B 2t (8 Bl AR 24 1) R IR B 5 K B R 3 B
R AR BTS2 B0 2 2, TR A b HE TR
U T LA 2,

2.2

13,14
18
15,16
89 6
‘ \27 28 2930
6 “10 11,12 7 fio20 23 2 \\L
5 B ; 5
7 21 22 24 ﬁL
. A £ A J A aA A /ul .
0 2 4 6 8 10
t/min
U5 1~ 30 XF 0 AL G ) 44 B ) 3% 2
Bl 2 30 ik AR 2516 G Ar vV TRUEVES 7 U 6
Fig. 2 Total ion chromatogram of 30 forbidden pesticides mixed standard solution
2.3 RIREAERERE (Carb/NH, ZHUH) . XF T PS4 5 R I 242

ChP 2020 W 2341 #EFARE AT 28 &
R BGE . QUEChERS ¥ 1 SPE, SPE XA 7% J7 20
— (i) TR (HLB 2 k), 7R =

Bk A1 SPE 5 28— #E A7 4b B , 45 20 1 a8 0 7

P K, TGk EALIM, #CR - QUEChERS ¥ |

SPE /3 — HLB Z B, SPE /3, = Carb/NH,
e 755
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FEPKE LA K ProElut SMC A BUR: Ak, LAZS 71 RE
Jinbr 5 AW T BREAT GRS

gk % M. QUEChERS 3 BF 3 [nl it R
5.00 % ~ 144 %5 (N W% il [l i R ALk 5.00%) , HLB
FEPORE BT 43 IR R 0~93.0 % (AL w8
R N W B RT e 2 4 /T 5.00%) . Carb/NH,
HEORE I A5 ISR 0~ 102 % CR 2B H P13
DY NSNS R RN e T S N
T 5.00%) ;1M ProElut SMC # BUA: fr 45 8] i %
78.0%~110%  £F & 7 s v SR AE 70.0% ~
120% WK, ProElut SMC % BUH: 1 £ )2 80k
TE A U T P SR b M AR B s #e P
S5 K0 N B S 22 B0 VR D L DAL S e N TR LA L
B KSR R AREZR TR, B, 5%
PEFELL ProElut SMC A% BURE 1k $2 BUR
24 ER™M

FE b e A AR R I 2 4 2 T4 B AR 1Y B
b, AT X6 B bR 90 5 o 1 B 7 A R ) A 4 LR
il 0 L o SR B AP AR . SRR LA 30 A AR AR 2 (Il
FE T B 7E 5 VG C 7 VR b R e N {E A AR 77 %

CRBRATB0 N6 0 Wb 0 e 1y {8 D1 A 255 BT 280 g
(ME)H , IFE A0 ME {85 = (R VUi % % B
T ) 8 e S AL/ 77 %6 £ I VR A L AR ) Y e
fH—1)X100%. 4 ME {5 KT 0 Bk 3 5 3 5 5%
N ME B /N T 0 B Sy 25 BT 40 ] 24002 . ME 48 5% i /)
F 20 Yo WHIA g ASFEAE B S (0 SR O . 25 AR R
30 FEE A2 ME {8 —75% ~51% , 3 HH Ak
ZHALEY ME 451 KT 20% , BRI, ol 40 e %
SR FH R J5 VG TR TR 45 b o V25 VR 42 ) AR il 2L DLV B
5T AANE 8 52 0, 4 v 4 BT 49 R B TR
2.5 TiEMZFNETR

FE T VG FC S W R A m AR A AR HE P RN 10,
20,50, 100, 150, 200 pL, R JG M A 5 W B =
1 mLRAJE A 0.3 mL /K, B2 5 6 4 e 5 /K
ST B T TG T VR A5 s o Y VR C LA R el Ay ), L o
WK 5,10,25,50,75,100 pg « L1, LIS
5 0 J5T 6 W 85 A A A A, X N7 1 2 S - i T AR
PN AE BR 4 i TAE 26 et S8R 3,

PUEBE L (S/ND R 10 3H3 2 T BR (10S/N)
SRR 3,

x3 ZMEEEXRZMUETR

Tab. 3 Linear ranges, correlation coefficients and lower limits of determination

e LA o/ I 2 W TR o/ e LA o/ 3 2 R W TR o/

(pgs LD (pg+ LD (pg+ LD (pg+ LD
R Jre 5~100 0.997 6 5 CEEER 7T 2~40 0.998 8 2
LW 2~40 0.999 2 2 e 7 W 5~100 0.991 4 5
LB 2~40 0.998 6 2 T 74 3~60 0.997 6 3
LR Tl TR 2~40 0.999 6 2 W e 5~100 0.998 6 5
b o 2~40 0.995 4 2 o J 5~100 0.999 2 5
R IR 2~40 0.998 0 2 o K AR 5~100 0.999 4 5
PAED 5~100 0.999 8 5 1o I 5~100 0.999 8 5
35 v 5~100 0.999 6 5 B W 3~60 1.000 3
e 2R itk e 5~100 0.999 6 5 PN T 2~40 0.997 8 2
P g [ 5~100 0.999 4 5 KL 2~40 0.999 2 2
SR 5~100 0.999 2 5 T BRI 2~40 1.000 2
i 2k W 2~40 0.998 8 2 5T B AR 2~40 0.999 2 2
S 1~20 0.999 6 1 IR B 5~100 0.994 2 5
B 2~40 0.998 2 2 R S 0 2~40 0.994 0 2
PR e i 0400, 2~140 0.996 6 2 A UK 2~40 0.999 8 2

2.6 1HEE N E KR I

HERRFRIN 3.0 g B IF 4 3 5 0 19 25 1 RE b
ARLUSI AR E TR 2 A5 T R L5 A4S E R
(1 30 A AR FHAR 2518 A5 bR E W, 7% MR8 ) vE AT

o 756 -

AR TR, A ANRE AR ATINE 6 VR L T L R A E
B4 AR B 7 A 22 (RSD) 25 S R B, 3 A i b vk B2
KR .30 A EE A 25 IRy 75.0 % ~120 % . DU
SEAI RSD R 1.2%~6.0%,
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7, —HERE i e b R BRI R A A R B A3 R
1.16 pg + kg A1 0.37 pg » kg ' H AR HI A 251
ER

ARTAE#R B T SPE-UHPLC-MS/MS [ i il 22
FFZr 30 AR A 25 5% B8 & 0 O vk iR O TR R AE
ChP 2020 H1 2341 4 2] 5% B8 1 2 ¥ 1) S iy b b 47
A R e 3 R 5 MEAR BE Y Re W R 2 A e 24
B BRI A HEOK Ll TSR 2G5 H W R
AT P 2 R 25 5 BRI R AL T O k2%
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Determination of Residues of 30 Forbidden Pesticides in Salvia
Miltiorrhiza by Ultra-High Performance Liquid
Chromatography-Tandem Mass Spectrometry
with Solid Phase Extraction

LI Wenbin, GU Chunyan, MA Lijing, JIN Lichuan, XU Ying, CHENG Fei*
(Tianjin Dikma Experimental Equipment Co., Ltd., Tianjin 300499, China)

Abstract: A method for the determination of residues of 30 forbidden pesticides in Salvia miltiorrhiza by
ultra-high performance liquid chromatography-tandem mass spectrometry with solid phase extraction (SPE-
UHPLC-MS/MS) was proposed. Sample powder was soaked in 0.5% (volume fraction) acetic acid solution and
then oscillated for extraction with acetonitrile, and the extract was purified by ProElut SMC extraction cartridge.
Spursil Cjs column (100 mm X 2.1 mm, 3.0 pm) was used as stationary phase, and the 30 forbidden pesticides were
separated under gradient elution procedure. The analytes were scanned by electrospray ion source with positive ion
mode, and detected by multi-reaction monitoring mode, and the matrix matching mixed standard solutions were
used to draw working curves, with external standard method for quantitation. It was shown that linear relationships
between the mass concentrations and corresponding quantitative ion peak areas of 30 forbidden pesticides were kept
in definite ranges, with lower limits of determination (10S/N) in the range of 1—5 pg « L™'. Test for recovery was
made on the blank sample by standard addition method at 3 concentration levels, giving results in the range
of 75.0% —120%, and RSDs (n=6) of the determined values ranged from 1.2% to 6.0%. This method was applied
to analysis of the sold Salvia miltiorrhiza samples. The detection amounts of fonofos and sulfotep in one batch
of sample were 1.16 pg » kg ' and 0.37 pg + kg ', respectively, and other forbidden pesticides were not
detected.

Keywords: Salvia miltiorrhiza; forbidden pesticide; solid phase extraction (SPE); ultra-high performance

liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS)
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