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performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). A low detection limits
(LOD, 0.03-0.18 pg/kg) and quantitative limits (LOQ, 0.11-0.59 ng/kg) were obtained. The LOQ is
three orders lower than the limit for azoxystrobin (1 mg/kg) and difenoconazole (0.5 mg/kg) in ginseng
in GB 2763—2016. The linear range for five pesticides can reach to 1-500 pg/L. The average recovery
rate of the method was between 76% and 115%, with RSD less than 11% at the spiking levels of 2, 10,
50, 100 and 300 pg/kg. Compared with the traditional sample pretreatment method, the new method has
the advantages of simple operation, time-saving, labor-saving, and high sensitivity. The method was
successfully applied to the detection of five pesticides in six ginseng samples. No corresponding
pesticide residues were detected. This method provides a direction for rapid and accurate detection of
pesticide residues in ginseng. It also provides a reference for revising the maximum residue limits of

pesticides in ginseng in the national standard.

Keywords: multi-plug filtration cleanup (m-PFC); high performance liquid chromatography-tandem

mass spectrometry; ginseng; difenoconazole; azoxystrobin; multi-residues
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Fig. 1 Diagram of m-PFC purification column'*
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W FERT G, 25 & v RGO 3 - 85 B 3 (HPLC-
MS/MS) F A, HIL T NS 5 MR 255K B[R]
AN )5 . BAEPUE . HERIE A S
RAGZRE RIS S

1 RS

1.1 U5

ACCELA & 20K AH 3 4 TSQ Quantum
Access MAX — 5 PURRAT AL (FEBR K /R BHE
BIRAF]D: w7 R L OREE T 2= R A3
AIRAF); VM200 Jeimdikiz A FEEMR A FHY
AIRAF]): YP3002 HL7 R (LM RMUEMGE
HIRAF).

ANZHEf: B2 1%, A2 2% N, 42
1%, 422 %M, mllE 15, G325
(&) MEHmk (imidacloprid). M B fig
(azoxystrobin). ZK[ik FF IR (difenoconazole). Efi
H L (indoxacarb) FHMEWERR (buprofezin) FxE i )
JRER 9 100 pg/mL (AEEUE S8 U RHAA IR
AT, T 4°C KRS NG (tailkal, EEZR
TATED); R (Fral, BiER T AR R
MHRAF); m-PFC /MME AL S48 R A R A
Al)s 0.22 um A HUAHTFLIERRL (R T EE S SLI6 1%
HAHRAF); [EAHZERAE (ENVI-Carb, PSA,
Cig) (FUkE IS A L 7 (i) A BB RAF),

1.2 tRERRAVECH

HERAEW: PR g (RS2 0.01 g) S
AZHST SmL @O0EY, A 3mL 28, e
WPEY% 2 min, T 5000 r/min K &0 5 min. B |
EW 2mL, i 0.22 pm AHLEME, B m-
PFC /ME v, ZABHESE ST, HBAR N &
B, BN AR, AR E T 4°C
UKFELRAE, & H.

PRAEREET: #4100 pL SARHEMIEBRFZA 10 mL
e, HOREES, WKk 1000 pg/L H
5 PR ZTREREM &I, T 4 °C UKFEIRFF

WAE AR ) V (ZHE):V (K) = 40 : 60 R
B VA VB0 o YHE A 2% YO0 R 8 5 B TR FEE 43 il 1
5. 10, 50. 100. 250 #1500 pg/L f & F kR T
VRV, A ATBC I o

FEARAERE . K 100 pL SR S VA RS
AN 10 mL A&, 2 AEETUEBOE R, B
B 1 000 ng/L 38 R bR ERE &, T 4 C UKH

R

AR TAEW:  FH 25 1 285 R v 00K 325 I b
THEAE 25 VR B BUS BEWRFE 4070 A 1. 5 104 50,
100, 250 1 500 pg/L M R 5B At TR, Af
FH AT BCH -

1.3 m-PFC #@aiitiB 5%

1.3.1 AZ@EHERNHE HHIAS 1%,
F2 2 %N, 42 1%, 422 5. m
Z 1%, mZ2EFM8% 50 g, 2970 R
JG, T 40 C HAFEHHT, 72 h JFEUH, SEE T
RERYRENLARE, SLIRFLELAR A 180 um MITH+, %%
R, T 4°CIRAE &H.

132 F5 R BUK m-PFC #1k 77 ik

MU REL 1 g (RS2 0.01 g) NSl
FEAT S mL B0 H, A 3 mL 4, ERik
¥% 2 min, T 5000 r/min &> 5 min.

WA i B EIEW 2 mL, i 0.22 pm AHL
JEME S, BN m-PFC /M Eii, 2218 4 5hiE 5t
FF, AR/ AR, AR
14 ASHRAKRBRNAIM S IRERTCIE T

FEEOTE: RIS &N 1 g T 50 mL
B, IINAER 20 mL, 2% 1 min 5,
F 8 000 r/min N & C» S min. B _FIEWR, BEWKYE
A, FEEARET NN 20 mL PR, FARE R
1 e &I LER, T35 C PRk 2
T, M S mL ZIE@E R, .

AL TR, DL 10 mL 2 b A R R,
FERWMHE . K 5 mL SRR A AR,
F 20 mL ZREHEML, WAL T 250 mL W45
W, T35 °C TIREARKGZRIET . HOIEER
HERE ImL, £ 022 um EFELIES, RN,
1.5 NG
1.5.1 HAEEEEHE Zorbax SB-C g taifit
(4.6 mm x 250 mm, 5 pm), FEIE 25 C. AN
A TN 0.1% TR KIEWR, HzhHH B A
O N5, HBEFEE 10 uL, Y 1.8 mL/min. £ RN
FEF: 0~4 min, 40%~75% ] B; >4~10 min,
75%~100% ff] B.

1.5.2 FUig4&t KRAMBE IR TIRE (ESIY) #
X, FHAABA, ZRMEN (Multi reaction
monitoring, MRM) 50, FBMEREN 320 C,
FARIRE N 300 C, BSE TN 6 125 kPa, f
BySE 108 875 kPa, BS T W% HLK 4 3200V, CID
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J£71°4 0.2 kPa,
1.6 t#HmPRAKETE

SERRRE AR 2 B B R (0 AR ) 45
RO B35, B X=3C,

2 ZER5HL

2.1 FRIEEHMRK

NT KRR R H AR B TR,
HRE R A IAF S ECN 0.1% FIHER. L
WA IR N, AR E S, PSR 4R H v
V0V 15 R 6 o o B RE B 500 g /L AR T VA

LR RIENFE T, HERRENRE TG
TJE, RPN FE R HAT SCRRC B — A B
BT, W T IRSH fEREE TN 6 S AR
10e” LI, 268 MS/MS BEs, i A\ Jiridt B2 54
JRLE S HIEE T K 38 7 R A B & 1 T
o, mdIHR)E RS B gy AR SR d K #
NPT RS TR BTEL . EFE SRM R, A
Fri i) 2 % B, A4 A SR 1 sE A
EEBGAMEEE . AR 4 PR ZGhRAE i 3
J7 3553 A AT 1 e A0 AN 2 L IRl A 46
o 5FARARIBIESHIE 1.

F1 STHRBWRILESH

Table 1 Mass spectrometric parameters of 5 pesticides

K SE TS 0 Bl A e E BB TS B A EEEGAMIAE
Pesticide Qualitative ion pairs and collision energy/eV  Quantitative ion pair and collision energy/eV Tube lens/V
I8 B I azoxystrobin 404.2>372.1 (15) 404.2 > 344.1 (24) 51
Rk 3R difenoconazole 406 > 251 (24) 406 > 337 (16) 82
ik Sk imidacloprid 256.1>209.1 (17) 256.1>175.2 (16) 60
2fi d1 & indoxacarb 528.1 > 203 (40) 528.1>249 (18) 50
BEEERR buprofezin 306 >201.1 (8) 306 > 116.2 (13) 53

22 BEIEFHRK

T i%e I 638 A Zorbax SB-C g (03 4
(4.6 mm x 250 mm, 5 pm), HIRHERLE 1.0~
2.0 mL/min Z [W N8, N T BREREMH & (i A 1)
o A YA R Y ) SR T B v o R T 7 1) A A
JEFE (0.2~0.4 mL/min), AHF 7t R H =l 8 15
e ZSEPrE, FEAREN 1.8 mL/min B, i%
PRI B i B L3 N 0.39 mL/min, B & T &
T AT R o Tl i T AR SR, SO 2 T PRI
MFEL A B UEsa5eiid 4 H 1.8 mL/min.
2.3 REEHESRHEHRK

KA m-PFC EFR AU, 38 75 EEAR A 1050 %
R ZE R, R TR I TC KA R ANk AT+
f UL SN EAG A2 35 ML AR AR 1 70 5, [F)
i T 3 B AN R R m-PFC 1f 4, DL HERE T
HEREN RSB AR, ETHEA

SRS K ERK, AR I TG 7K B R 4 A0 & AL
BN, IRTER IR 2 BEBR G KE ) m-PFC /M
X ANS ) CIERBURHAT 4, 153 1B 1)
AR
24 ERYN

8 T N A AE T AR 2k AT R, A
Sl M S R AR 722 . BTN A 5 AR A i 2k
PR S A R E R 2R R R 2 b, LR
FEilm 1, WS N, AT 7T DAAS £ 58 5 1)
PR TAR ORI (K 1 g/mL) brdE TAE
W, B A AR 2R b iR —E RbR, LA
TR 20 T s TR s Rk ERUIBR LT~ A 52 356 J5 A
SO, T A R L BT R R R IR AT A B
()28 o B B o S T R 2 A AE B R ) B
BN, Rl 5 S0 PR VR A A v AR = e
JR R o

T2 S RGBSR L

Table 2 Comparison of matrix effects of 5 pesticides

R NGt A ey

Pesticide Linear equation of standard solution (4)

BN TR
Linear equation of matrix solution (B)

AR UE
Slope ratio, B/A

WE TG azoxystrobin
it d4 bk imidacloprid
fi )3k indoxacarb
WEWER buprofezin

y=22534.1+ 51 959.6x
y=-1200.7 + 2 563.5x
y=-1211.6+1648.7x
=8 680.8 + 28 065.9x

y=47249.5+ 53 329.8x 1.03
y=-293.1+2665.1x 1.04
y=-1088.8+2194.3x 1.33

y=9246.5+31100.2x 1.11
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2.5 FiERIZGMSERE. EOM. REEMKQHR

5 PR R SRR SR R RSB R L 2,
AW, FEREZAET 5 MURZA B E R, fE
10 min P AT SERE 5 PR 24 (R HE 243 S .

3 AT A: 5 Bl 25 M Ze itk Vo Bl I AE 1~
500 pg/L (7], i g [ RS 00 L PR o 23k FE 2 (1]
LR TER R AP, R*4E 0.9954~0.999 6 2 [i], £
THE, S FRZFHIR (LOD, S/N=3) ¥J7F 0.03~

100

2
80
N
b5}
g 60_
w3
® 5
=
2 40+
g 3
[}
~
20
1 4
0 A
T T T T 1
0 2 4 6 8 10

i ] Time/min
1-AH Rk, 2-ME R, 3-KTRER PR, 4-BliduUE, S-MEMRRR
1-imidacloprid; 2-azoxystrobin; 3-difenoconazole; 4-indoxacarb;
S-buprofezin.

El2 5#KRAE 300 pg/L F SRS FRE
Fig. 2 Total ion outflow diagram of 5 pesticides at a
concentration of 300 pg/L

0.18 pgkg 2 I8, EEFR (LOQ, S/N=10)II7E 0.1~
0.59 ug/kg 2 I8,
2.6 RIGRMEMHMIL

TENZ ARSI 10 pg/kg MR ZRE
FrfE S, BORE TS 0 R S BN AT SR B AL A B
2 h JE PR A  AR In E ER s m RN
KFEE S K. HE 475 2 FIgEUR LT
15 B Y R AAE 80%~120% 2 IA], RSD /N T
10%, TRFZER. ZEREW, Z7E0 LE
RGN0 G LRV EEAT SR B . X 5 Bk 25
KPR 10 pg/kg B2 O RN AR S AR 25 1)
7 RTINS R nE 3 fion. WK
AT DL W, S AR R AR, W
5 Pl 25 AR 2 1R RS o S
27 FHERERESKEEE

NS AR R AT I NGRS, TR K
PRI 20 104 50 100 F1 300 pg/kg IR A bR
W, BAKFER S K. BE S aTf, £
[F RIS, 3PP R AE 76%—115%
28], RSD ¥I/NF 1%, FWHTH K5 iE 0w
FERH
2.8 m-PFC FiESthAiRER AR

LE SRR B, M3 mKFER 50 pg/kg
i, SEH m-PFEC /7241 DB 22/T 1848—2013 # 7

®3 SHRAMEMXR, RURMESR

Table 3  Linear relationships, detection limits and quantitation limits of 5 pesticides

K2 fRE R © At B i i
Pesticide Retention time/min Linear equation Linear range/(ng/L)  LOD/(ng/kg) LOQ/(ng/kg)
I B 6 azoxystrobin 49 y=47249.5+ 53 329.8x 0.995 4 1~500 0.04 0.13
7 ik FR 2R difenoconazole 6.2 y="7309.1 +47 968.3x 0.999 5 1~500 0.03 0.11
it dL Bk imidacloprid 2.3 y=-293.1+2665.1x 0.999 6 1~500 0.16 0.52
Efi B indoxacarb 6.7 y=-1088.8+2194.3x 0.999 1 1~500 0.18 0.59
WEIZEMR buprofezin 7.1 y=9246.5+31100.2x 0.998 9 1~500 0.05 0.15

x4 ASHRMEERAGRFILERIVELIERE 2 h FIREVS U EIRZERSNG (n = 5)

Table 4 Comparison of recoveries between extraction and purification immediately after pesticides addition and 2 hours after

adding pesticides (n = 5)

IRINAR 2 ) Sr RIS B4k ININAR 24 2 h JEHREGHL
ZQ?H Extraction and purification immediately after pesticide addition ~ Extraction and purification 2 hours after adding pesticides
Pesteide P EY R Average recovery/% RSD/% SFHIE R Average recovery/% RSD/%

W% B I azoxystrobin 115 8 111 6
2Kk B PR difenoconazole 113 2 87 2
itttk imidacloprid 96 4 83 1

Efi 1 indoxacarb 107 10 80 5
WEWE AR buprofezin 96 8 115 8
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197 2 B 73R 0 6 5 Bl A 25 1 Rl SOR 34T TR
W, &ERF|FERe b, BELETUER: XH
m-PFC %, 5 MR B ZHAE 89%~113%
60 1 [H, RSD /T 9%; RHAHTARHERE, 5 MR
HI W ZRAE 78%~104% 2 [8], RSD /NT- 8%, 2 Fif

3 s TR 2= o, WER %L, {H m-PFC
20 4 V26 BN FE B AT AL PR B TR] AT H]ZE 10 min PA

L 4
6 8

80

40

AHX
Relative abundance/%

N W, T T AR UHETT R T RO Ak, I
’ . . . AN it 1 AL FE A ] 75 B 2.5~3.0 ho EHBETT IR,
0 2 4 10 . - ‘ . R .
W] Timemin m-PFC ¥ 1 LLYE R0 I 5] 4 1 5 P\ 5B
VM S, 2, 3-SR, 4-EiHUR, S-MEVERA. mn A 245 5% B ISR Bk T A
1-imidacloprid; 2—azoxystrosligll:prz—f(iizf;?oconazole: 4-indoxacarb; 2.9 §El3/j_<1‘$ = 1:,&1[)1“2:[: =]
3 S FRERMATR 10 pg/kg B AR RAR (B LA B 5T BT @52 (1) m-PFC /M 454 HPLC-
&) MAMKE U e) NEREFRE MS/MS %, XWHENBEZ. WiiZ. 42 %6
Fig. 3 Total ion outflow diagram of 5 pesticides at the st Bt 6 gy NS RE S A ST FTR 1 5 Rl 2

spiking level of 10 pg/kg (black) and the blank (red) L . .
HEATSE VLS RO, 4 AR
Fz5 5 FHARAKRMEUERREMIRERE (n=>5)
Table 5 Recoveries and RSD of 5 pesticides (n = 5)
AN INsKF Spiking level/(ug/kg)

" 2 10 50 100 300
Pesticide TR TR TR PR PHEYCE
Average RSD/% Average RSD/% Average RSD/% Average RSD/% Average RSD/%

recovery/% recovery/% recovery/% recovery/% recovery/%
W I azoxystrobin 96 5 115 8 89 3 113 3 108 6
KTk HIFR I difenoconazole 81 4 113 2 109 2 80 5 84 5
itk Sk imidacloprid 90 5 96 4 102 3 93 3 93 3
Efi d indoxacarb 92 11 107 10 113 1 100 5 104 6
WEM R buprofezin 76 2 96 8 97 9 102 8 100 7

F 6 KA m-PFC AR HHRETT AR 5 MRZE S m-PFC HTAEBHARBEAT 1 st AiiiL, 454 HPLC-

5 #S RSD FLE (1 =5) MS/MS i%, BT NS hEEEES . IR,

e oy 1L T IARIER $ ST D
ot FE—— IR o 1% ITVE TR AT AL PRI [A) 2 7E 10 min

- m-PFC method Method of local standards DL, BEANRE B B BT AL 2R % 43 T B[R] B8 A% 76 20 min
PO M, THENCE o, MBS RORZN T 1-500 pg/L 2

T 89 3 78 8 i), # RN 0.03~0.18 pg/kg, ERIE N O0.11~
e 0 , 00 , 0.59 pgke, FLERIRE GB2763—2016 M A 5
difeggz;};mle 103 ; o s Hh SR TK FH P I % T i Y MRL AE (0.5~1 mg/kg)
i G 1 o4 , fi63 MECRSE. 762, 104 50, 100 A1 300 pg/kg
il o . o ] S AT, i PRI ECRBITE 76%~115%
buprofezin Z 18], RSD #/MF 11%, IR E L H 7k

3 2p JE o SAEGAEMRTAC TR LG, B @ SL R T
HABRER R BIE . EE N R R

XY NS E SR MR AL X RS . TR R O RE . #ETR NS
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