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Studies on the Determination Method of Pesticide Multi-residues in
Ginseng by Ultra Performance Liquid Chromatography Tandem
Mass Spectrometry
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Abstract Taking the traditional herbal, ginseng, as the object in the paper, a comprehensive analytical
method based on matrix solid-phase dispersion-ultra performance liquid chromatography tandem mass spec-
trometry (MSPD-UPLC-MS/MS) has been developed for the simultaneous determination of 46 pesticide
residues in Ginseng. The sample was prepared by MSPD. Primary secondary amine (PSA) was used as dis-
persant, and acetonitrile was used as eluant. Both positive and negative ionization modes were used in the
detection. Qualitative and quantitative analysis was carried out by UPLC-MS/MS under multiple reaction
monitoring mode (MRM). The linear range of this method was 5~500.0 pg/kg. The limits of quantification
(LOQ) for the 46 pesticides were less than 0.01 mg/kg. The mean recoveries at the three spiked levels of
10~100 pg/kg were 70%~110%, with relative standard deviations (RSD) better than 15% (n=3). The
method is robust, selective, sensitive, rapid and cheap.
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1.1 {XFE5RF

UPLC-MS/MS (ACQUITY UPLC, Xevo TM TQ,
Waters A )), Bl ESI &7, =HPURAT 554
#%; Acquity UPLC BEH CI8 ta i (1.7 um, 2.1X100

mm, Waters A 7]); BEH C18 {47 4+(1.7 pm, 2.1 X5 mm,
Waters A ) ); WFERDER ).

O (il Fisher, 35[H); 218 M. K
(O3Frat, AbntikF), . 2Rk, JRERFE R
F]); PSA, C18 541 s HM AR (M T Sigma A Fl); ik
BREL(orirat, Bidr 1) 22N (a2, 5 5
W PR T AEE E AT MG ER (AR, R B AL 2% K
), RS S, TR S 5% M Al ACK S, T
130 ‘CHt 4 h; Milli-Q 2E7§ /K (35 [H Millipore 2 H); A2
FRAED) T 2l >95%( 53 K H - Sigma 23 & FIPGILA
).

1.2 @iggEs

Waters ACQUITY UPLC BEH CI18 #:(1.7 pm,
2.1X100 mm); WEIH: ZHEA)FKEB(E 0.1%H
12)(B), B6JE Ve : 0~1.0 min, 10%~30% A; 1.0~
9.0 min, 30%~90% A; 9.0~10.0 min, 90%~90% A;
10.0~11.0 min, 90%~70% A; 11.0~13.0 min, 70%~
10% A; 13.0~15.0 min, 10%~10% A. i 0.3 mL/min;
FE 35 °C; FESVEILE 10 °C; BEFFE 7.5 pL.

1.3 FE&H

MW 25 251U B A B4 i 3.2 kV;
B PURRLE 150 °C; R AVRE 400 °C; LB FIAIR
700 L/h; HEFLAE 50 L/h; REfESAAN @A, i
0.16 L/h; 2 3 W (MRM)R KGN, 46 A 2411 it
WIS HONAR 1.

1.4 fREESRANIERNH &

YERRRIDOE 5 1R A AR 2 bRifE i, P s i O e 7
% 10 mL, FCH% 1000 mg/L brEfik 4, T-—18 CF
TRAF. HER SIS R R MERE 257 S0 L, F e 7%
£ 50 mL, FCHIEG 1.0 mg/L VA FRAEREF. 18T,
F H 1 AR TR A b TR, T4 °C R RAE
1.5 HmayatiE

BRI AS R Bi)G, & 9 505, REIAS
PR R, HERIRRI 1 ¢ ASFESR AR TR, A
400 mg PSA 73 HGH, B S AR, ()2 AT
i N /NI, I NATE B8 U (VR 1, R AR SE,
BJGEIREY LB s — 2 RER, I T 3 B e Sk
H 4 mL ZJ5MGEETAE, JE R AR ERRRDem 4
AR ER TR, AT 30 CRmEET, M
V(FEE) - VOK)=3 1 28H 2 L mL, 0.2 pmJEMRE, It
UPLC-MS/MS #1.
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Table 1 MS parameters for 46 pesticides

No. Compd. Retention/min ~ Mass transitions (m/z) Cone voltage/V Collision energy/eV
. RN 238.1/163.1 14
1 3-¥23L 5% i Bi(Carbofuran-3-hydroxy) 2.410 19
238.1/181.1 10
N . 311.1/125.1, 20
2 &GN (Fenthion-sulfone) 4.935 29
311.1/279.0 17
N ) ) 295.2/280.0 18
3 {5 LN (Fenthion-sulfoxide) 3.930 29
295.2/109.1 32
4 KTk F R (Dif le) 7.195 406.17251.0 31 24
Wi N 11enoconazole .
? 406.1/337.0 17
256.4/175.1 17
5 ik Hk(Imidacloprid) 2,515 19
256.4/209.1 16
218.3/105.1 18
6 FLiFEd(Pymetrozine 1.895 24
APy ) 218.3/88.1 20
210.2/168.1 7
7 ERAREP 3.910 13
Pl (Propoxur) 210.2/111.1 15
353.3/297.1 10 7
8 MMk Tebufenozid 6.750
B Tebufenozide) 353.3/133.1 7 20
218.1/162.0 28 15
9 HMH(P il 5.235
Hi(Propanil) 218.1/127.1 15 27
272.1/129.1 21 16
10 EJEN id 6.165
i(Napropamide) 272.1/171.1 16 18
\ 312.4/162.1 20 21
11 T % j%(Butachlor) 8.655
312.4/238.2 21 11
s 374.2/222.1 21
12 Z W B (Pyrazophos) 7.270 33
374.2/346.0 15
13 1Z HPk(Acetamiprid) 2.625 223.1/126.1 20 20
e cetamipr .
( Pt 223.1/56.1 16
s . 226.2/93.1 30
14 %W R R % (Cyprodinil) 7.125 41
226.2/108.2 23
308.9/252.8 18
15 FZRWE(Fensulfothion) 4.685 25
308.9/280.9 15
16 FEJZ(Alachlor) 6.530 270.0/238.1 19 12
achlor .
270.0/162.0 21
17  FZEg(Carbaryl) 4.345 202271451 16 10
AN arbar .
Y 202.2/127.1 27
280.2/220.2 13
18 HIfE R (Metalaxyl 4565 20
AR ¥h 280.2/248.1 9
19 &R M (Myclobutanil) 5.820 289.1/70.1 25 16
? clobutani X
: Y 289.1/125.1 34
i 239.1/72.1 20
20 Pl Ei(Pirimicarb) 4.575 25
239.1/182.2 17
A 222.2/165.2 12
21 51 gi(Carbofuran) 4.280 17
222.2/123.1 20
373.1/299.1 18
22 MR R (Quizalofop-ethyl 7.940 30
(Quizalofop-ethyl) 373.1/91.0 30
. _ 300.0/127.0 21
23 f#f&(Phosphamidon) 3.210 21

300.0/174.1 13
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No. Compd. Retain time/min Mass transitions (m/z) Cone voltage/V Collision energy/eV
314.0/161.9 16
24 A M:bk(Isazofos) 9.310 23
314.0/271.9 13
et 247.0/126.1 29
25 W1 i (Fludioxonil) 5.595 37
247.0/180.1 27
315.1/127.1 12
26 b4 (Malaoxon) 3.800 17
315.1/99.1 25
208.1/151.1 8
27 Jf A8 (Promecarb) 5.820 17
208.1/109.1 19
28 WENE M (Pirimiphos-ethyl) 8.850 334.2/198.2 29 21
fin) 1Ir'1mipnos-¢ .
e P Y 334.2/182.1 2
29 BEBENE(A trobin) 5.685 404.1372.0 20 13
) ZOoXystroom .
R AORY 404.1/343.8 23
162.9/88.1 10
30 i (Methomyl 1.955 18
REBU ¥D 162.9/106.2 10
31 Ki#(Ditalimfos) 6.515 300.1/148.0 19 I8
Y 1talim .
rraTmios 300.1/244.0 13
32 K5 (Eth hos) 6.105 243.01173.1 20 15
p T .
PETIOPTOPROS 243.0/130.9 21
292.1/211.0 13
33 1 H % (Thiamethoxam) 2.090 17
292.1/131.9 20
306.2/201.1 11
34 WEWERHH(Buprofezi 9.875 19
Ai(Buprofezin) 306.2/116.1 15
356.9/154.0 13
35 AHNR(Triflumuron)® 7.020 19
356.9/176.1 23
296.1/70.1 10
36 —M:EE(Triadimenol) 5.300 13
296.1/227.1 10
. o 294.1/197.1 16
37 = M:fd(Triadimefon) 5.850 23
294.1/69.1 20
. 10
38 1K E(Metolcarb) 3.580 166.0/109.1 14
326.2/70.1 25
39 KFiM(Diniconazole) 6.685 33
326.2/158.9 29
240.2/223.1 8
40 ¥ K EN(Aldicarb-sulfone 1.815 11
BR B nifone) 240.2/76.1 13
o 308.2/70.1 19
41 SR (Tebuconazole) 6.240 27
308.2/125.1 36
202.1/104.1 26
42 P53 (Simazine) 3.520 30
202.1/96.1 23
N , 293.1/265.0 17
43 ZWEGR i (Etrimfos) 7.290 29
293.1/125.0 23
‘ 284.1/252.1 15
44 5N L fE(Metolachlor) 6.520 18
284.1/176.2 24
i 211.2/194.1 6
45 5 Ei(Isoprocarb) 4.735 9
211.2/95.1 19
i 208.2/95.1 13
46 ] Ei(Fenobucarb) 5.400 18
208.2/152.1 7

2Scan type: ESI+. ” Scan type: ESI—
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2.2 HREICEARRMKL
221 A S BLA 69 ik

H TR BB AE RIS, F5T LMo HOR AL
I FTRIPE IR, 25 520 2 BRI TR IR (ST« Hh M2k
(AL203-N). #53% Bk - (Florisil), PSA, PSA+ 47 84k 7k
(GCB). {#ALBURM A PSA+GCB =PSA > AL203-
N>CI18>SI>Florisil. YA HER TR Z W o
rivss ), NG HiE. SRR OB TN, s
KKK LN > 18 L6 > TN > FRE. I b a80R
B (5O AT IS R 52, T AR 2 SOk AR
T8, FH— € (PR LW n DA kAN B s MR AR 24 1 [l
K, LT PSA- OB A, i82558 T AN R FE 6] [T
IR, Y 2K 50 Bk 25, InARZKT- 24 20 ng/g, 5K
WA R E 2. PSA M HGR, LI BN i e e i 51
I[N e b, 1T GCB I 23 5 BURAR 1 A& 25 1]
WCRBEAG, INESE R, BRI S PSA AHAL,
EHESCRA I NG, FIRE, SE30 45 1R, Mtk 2
HEA AR MR, A, Ao AR 25 1 (Rl
REEAE. M, B0 e LI VEDE .
222 HdebH oo ekt

ST 0.5:0.25; 0.5:0.5; 0.5:1; 0.5: 1.5;
1.0:0.8; 1.0:0.6; 1.0 1 0.4; 1.0 : 0.2, SZ¥4E BanE 1,
RKVIEIEE R 12 0.4 BF, AR 5 RIS LA

2 60
=
250
[="
030 s
= =
Z20- o B 5
EIO' "é
E o H N B B nm 3
i 5 Q5 % L &
¥ ST S S )
o B @lgd By S 8

Sample/g, filler/g

B 1 RS G L]
Figure 1 Ratio of sample to filler

223 RBLEF KRR LE

PR A R ) AR LB R e E A o AT ) e R
Tk, ARSEIGH LT REAG S AR I ISR (A
PAB L, Sae e A 2. MVEGA TR 4 mL £ 6
mL B, (RIS AR Ak, DR AR S 36 I 511 6

FAEFE 4 mL.
L}

2 3 4 5 6 7 8 9
Volume of the eluent/mL

Sl

Number of the compounds
k-

70% ~ 120%

LT

Bl 2 el A
Figure 2 Volume of the eluent

2.3 BIEFMHRML

e BEH C18 F:(1.7 pm, 2.1 mm X 100 mm){E k43
BTAE, LRI T L 7K R0 H I — K W A4 R 1 2 5 AR
57K AL, PR A 2 A0 20 AR 24 1R A B It

R 2 AN[FIALIOTORNIE e 70T [T P 5

Table 2 Influence on the recovery with different fillers and eluents

PSA+GCB PSA
Fillers solvents
MeCN EtOAc Acetone MeCN EtOAc Acetone
Number? 39 28 50 33 50
Almina-N PSA
Fillers solvents
MeCN EtOAC Acetone MeCN 0.1% Acetone/MeCN 1% Acetone/MeCN
Number® 42 39 50 37 35

# Number of compounds whose recoveries in the range of 70%~120%.
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46 FAR 25 (14728000 H.

FEVEI I RE T, LRI 70 R A 0T O B I 17 42
JREL A €6 I D A A WD A8 PO SRR N, ™ B R E AR,
UL, A X BERR I AL AT T 5%, JFfiE
V(D) @ VOK)=3 1 2 /R i 2R ).

2.4 BUEFHRIML

K VIIA T FIRGRE S AR GBS, SRR AREZY
PRAE S VAT A, i R OR 25 10 BE 1 A
b, SRR BEE T REAT T BT, R R A
FELLR )72 TR e BAENE R 1, 2 TR
I (MRM) B 15X R n, fEai S s s oL T,
X HE B SR TR R L HEAL AR B R
B TR BERFREAT UL, B0 RBUZA B .

25 ZMEEMESR

2 FRE S IABR AR RIE 7 RURPUBRAE AR
VUL, ARG 8 IR BT R BT 4 A N E T E, LA gy
1K) WA TSN JBUAR VR 2R 47009 5 AR TR R A 2 L eV K &
FESZIG AR, LMEMELE 10 1, 5 5 3 165 5 0
FRRF i 94 B SR A 52 S FR(LOQ). 46 e 2 1 £ 1k
T SRRV AHOCR BRI E IR LR 3. #sbmd, %
M R B 2 R Bl R A 7 Al D oo e 22 DR 2 1 O RN
A 0252 Bk, X IE 46 Rk 2, A7 15 R B
B, LeVEIEHITE, REUEE AL NS AR 255k BE 43 it (1) 22
K.
2.6 FHEEWERINEEE

A NSHRE S, 0 SIS A [R5 T b 7 5
Jo, WABETRAY, JFCE IR, L HERE ST AL BT ikt
ATHRAE, HE iy OB €% — R IDE DY AR AT T 1 3E A U
RS E ST 3 Ik, SRR 3 45 R WA 4.
KFBA NSHE bR ISR AR 70%~ 110% 16 A4,
AR AR 22 <15%, 56 R 22T 5 2Kk,

R 346 FARAILNTTRE . LI AR R B E R

Table 3 Linear equations, linear ranges, correlation coefficients and the quantification limits of 46 pesticides

Compd. Linear equation

Linear range/(ngekg ') Correlation coefficient (r2) (LOQ)/(ngekg ")

3-FEHE T 1 i(Carbofuran-3-hydroxy) — y=614x-+2242
{517 85 X (Fenthion-sulfone) y=99x—31

{2 15% 18 W AW (Fenthion-sulfoxide) y=587x+12513
ZK Tk T FR M (Difenoconazole) y=1119x+2200

nk HUk(Imidacloprid) y=148x+507

NEE 4l (Pymetrozine) y=1668x—3099
% 7% J(Propoxur) y=405x—596
Bt (Tebufenozide) y=305x+6099
# # (Propanil) y=28x—82

T 5 1 (Napropamide) y=2077x+10992
T 5l (Butachlor) y=249x+225

%€ Tl 18 (Pyrazophos) y=1402x-+4130
WE 1 K (Acetamiprid) y=1054x+7696

S BRI Cyprodinil)

y=1612x+20700

=+ R (Fensulfothion) y=111x—270

HH % J{%(Alachlor) y=99x+2390
i 25 gl (Carbaryl) y=686x+3282
7 R (Metalaxyl) y=1760x+8067
i B M (Myclobutanil) y=158x+770
Pl g (Pirimicarb) y=6107x—"7296
72 1 Jak(Carbofuran) y=2311x+8393

I K R (Quizalofop-ethyl)
T i (Phosphamidon)

y=>56x+356
y=1317x+5105

5.0~500 0.997 0.2
5.0~500 0.995 5.0
5.0~500 0.993 0.5
5.0~100 0.990 0.1
5.0~500 0.999 0.1
5.0~500 0.999 0.1
5.0~500 0.996 0.1
5.0~500 0.993 0.1
10.0~500 0.997 10.0
5.0~100 0.989 0.1
5.0~500 0.999 0.2
5.0~250 0.999 0.1
5.0~500 0.998 0.1
5.0~500 0.997 0.1
5.0~100 0.998 2.0
5.0~500 0.996 5.0
5.0~500 0.998 0.5
5.0~500 0.998 0.1
5.0~500 0.999 0.5
5.0~500 0.999 0.2
5.0~500 0.999 0.1
5.0~250 0.990 2.0
5.0~500 0.991 0.2
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Compd. Linear equation Linear range/(ug-kgfl) Correlation coefficient (r2) (LOQ)/(ugekg 1)
Sk (Isazofos) y=920x+3208 5.0~250 0.992 0.1
% T i (Fludioxonil) y=700x+6638 5.0~250 0.995 0.1
by 4 ¥ (Malaoxon) y=1292x+1257 5.0~500 0.999 0.1
it 7% B (Promecarb) y=520x+334 5.0~500 0.998 0.1
W% B (Pirimiphos-ethyl) y=4489x+43677x 5.0~500 0.997 0.1
I 15 6 (Azoxystrobin) y=125x—328 5.0~100 0.996 0.1
K% J(Methomyl) y=273x—312 5.0~500 0.999 0.5
K (Ditalimfos) y=782x+4184 5.0~500 0.999 0.2
K 55 i (Ethoprophos) y=527x+5088 5.0~500 0.998 5.0
W€ W% (Thiamethoxam) y=149x+252 5.0~500 0.999 0.5
IEILE i (Buprofezin) y=312x+875 5.0~500 0.996 0.2
= % (Triadimenol) y=66x-+390 5.0~400 0.998 1.0
— Wi (Triadimefon) y=152x+1118 5.0~500 0.995 2.0
A BR(Triflumuron) y=>512x+7866 5.0~500 0.992 0.2
K E(Metolcarb) y=220x+82 5.0~400 0.995 0.2
FFii% M:(Diniconazole) y=496x—871 5.0~500 0.997 1.0
6 K Jg N (Aldicarb-sulfone) y=226x—1516 5.0~500 0.998 5.0
TR (Tebuconazole) y=574x+8797 5.0~400 0.996 0.2
V¥ (Simazine) y=341x—>542 5.0~500 0.997 1.0
ZE TR B (Etrimfos) y=305x+636 5.0~500 0.999 1.0
S H BT (Metolachlor ) y=1353x+18563 5.0~500 0.997 0.1
54 i (Isoprocarb) y=176x+2115 5.0~500 0.997 0.5
AT Ei(Fenobucarb) y=649x+10038 5.0~500 0.995 0.1
K4 [AECERARE %
Figure 4 Recoveries and RSDs of 46 pesticides in Ginseng
Spiked 10 pg/kg Spiked 50 nug/kg Spiked 100 pg/kg
Compd. RSD/% RSD/% RSD/%
Recovery/% Recovery/% Recovery/%
(n=3) (n=3) (n=3)
3-F45E 70 1 Jgi(Carbofuran-3-hydroxy) 65 7 92 6 85 7
{5 B (Fenthion-sulfone) 63 14 85 6 78 4
557 ALV AX(Fenthion-sulfoxide) 84 11 92 4 95 12
2K figk F' FR M (Difenoconazole) 89 15 113 5 77 3
itk H bk (Imidacloprid) 71 8 85 17 78 1
NEL1eF i (Pymetrozine) 63 18 73 12 70 13
5% 4% 5 (Propoxur) 82 19 93 10 91 12
L Tebufenozide) 88 13 89 13 91 15
T A (Propanil) 97 5 113 11 101 10
T i (Napropamide) 83 8 92 5 89 7
T HJf%(Butachlor) 73 13 101 10 88 11
S T % (Pyrazophos) 100 6 101 15 91
WE d K (Acetamiprid) 78 14 84 5 920 4
X W8 B 34 1% (Cy prodinil) 78 7 97 3 88 1
“E & W (Fensulfothion) 79 14 80 10 84 1
FH 1% (Alachlor) 66 16 73 5 74 9
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Yk
Spiked 10 pug/kg Spiked 50 pg/kg Spiked 100 pg/kg
Compd. RSD/% RSD/% RSD/%
Recovery/% Recovery/% Recovery/%
(n=3) (n=3) (n=3)
FH 2% i (Carbaryl) 105 11 96 11 87 11
45 R (Metalaxyl) 69 14 83 10 77 8
i B4 4 (Myclobutanil) 95 11 97 8 84 14
Pulef g (Pirimicarb) 84 7 78 7 94 2
70 [ Bi(Carbofuran) 80 10 87 5 76 19
s K R (Quizalofop-ethyl) 89 5 97 8 95 5
T & (Phosphamidon) 85 12 81 4 104 8
S (Tsazofos) 90 1 98 1 89 7
% B i (Fludioxonil) 99 6 113 9 99 3
T hr 48 i (Malaoxon) 81 12 88 4 90 8
i A B (Promecarb) 96 11 75 13 75 13
% I W (Pirimiphos-ethyl) 80 7 110 5 97 2
% 147 96 (Azoxystrobin) 91 9 84 7 85 9
K% J#(Methomyl) 73 13 78 9 75 6
K @ (Ditalimfos) 102 14 100 12 95 6
K s (Ethoprophos) 89 8 100 5 88 10
I5¢ H 2% (Thiamethoxam) 78 16 72 8 74 5
IBE R il (Buprofezin) 83 9 97 12 101 7
AR (Triflumuron) 113 6 106 7 95 12
M (Triadimenol) 107 9 97 14 95 14
M Triadimefon) 85 15 98 11 83 8
4K J# (Metolcarb) 83 20 93 6 89 6
ik #(Diniconazole) 88 12 105 4 85 13
K R (Aldicarb-sulfone) 100 12 80 9 90 12
IR M (Tebuconazole) 89 11 106 7 79 2
PG 333 (Simazine) 101 10 89 9 97 5
ZIE TR (Etrimfos) 76 14 72 3 81 14
S FEL % (Metolachlor ) 91 10 91 2 83 7
54 Bi(Isoprocarb) 73 14 76 15 82 11
1T i (Fenobucarb) 81 7 87 3 81 2
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