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Determination of pesticide residues in wolfberry using
QuEChERS-gas chromatography-tandem mass spectrometry

WANG Fanghuan, REN Cuijuan, MA Hui, LI Ping* , HAO Junhu, CHEN Lin, SUN Min
(Yinchuan Customs Integrated Technology Center, Yinchuan 750002, China)

Abstract: A method based on QuEChERS-gas chromatography-tandem mass spectrometry
(GC-MS/MS) was established for the determination of 20 pesticide residues in wolfberry. The
samples were extracted with acetonitrile. The extract was purified with PSA ( primary
secondaryamine ) , GCB ( graphite carbon black) and C to suppress the matrix in wolfberry.
The analytical results showed that the calibration curves for the 20 pesticides obtained by GC-
MS/MS were linear in the range of 5-500 wg/L, with the correlation coefficients higher than
0. 99. The recoveries ranged from 70. 02% to 110. 78% with relative standard deviations ( RSDs)
ranging from 2. 05% to 9. 53%. This method has the advantages of being time-saving, convenient
and sensitive. The proposed method can simultaneously detect organic phosphorus and organic
chlorine pesticides residues with a good performance in terms of qualitative and quantitative
detection.

Key words: QUEChERS; gas-chromatography-tandem mass spectrometry ( GC-MS/MS) ; pesti-
cide residues; wolfberry
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.
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A Te ARG BESE e D T TR K
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1.1 &R GKF 56

Agilent7000A < AH (15 5T 1%/ B gAY ( 28 [H &%
HERHE AR/ R) , TDL-80-2B B0 HL( I i 25
BEEALER ), QT-2A RARYE IR IR 7 4% ( 1 B4
BT A BRA ), BD-202 HL TR (Mt ( -
) ABRA T, CPA225D Hi 1 K- (15[ 38 £ F1)
NFE]) . H FE#E ( methamidophos, CAS 5. 10265-
92-6) . [ ( phorate, CAS 5:298-02-2)  Hl K7
HE 18 ( chlorpyrifos-methyl, CAS 5 .5598-13-0) . &
$7 %% ¥ ( malathion, CAS 5. 121-75-5) | 7 4L W
( chlorpyrifos, CAS 5:2921-88-2) X i i ( para-
thion, CAS 5. 56-38-2) . = M fii] ( triadimefon,
CAS 5. 43121-43-3) | = M [i ( triadimenol, CAS
5.55219-65-3) 4L ( fipronil, CAS 5 .120068-

37-3) JRfik Wk ( Fflusilazole, CAS %5 :85509-19-9) .
N 2k ( propiconazole, CAS 5 :60207-90-1) | ki i
F¥ (propargite, CAS *5:2312-35-8) 5441 ( fen-
propathrin, CAS 5 :39515-41-8) X H Pk ( amitraz,
CAS 5 33089-61-1) , 54 # 75 %4 I ( cyhalothrin,
CAS 5. 68085-85-8) ikl ;% ( pyridaben, CAS 7
96489-71-3) | & X % IiE ( fenvalerate, CAS 5.
51630-58-1) i X 51X 2 Mg ( es-fenvalerate, CAS
5 :66230-04-4)  ZRE [k H 2R ( difenoconazole, CAS
3. 119446-68-3) . % . 45 Mg ( cypermethrin, CAS
5 :52315-07-8) 20 B bR o &, B RO Y 100
mg/L PRI IR (A P85 C 5 B W BT ) 5 &
JiE R E L RE XS Sk 635 4 (FE BRI RBHE (o
) A BRA T 3 W H 5 C18 . GCB PSA( L2351
R AEBRAH])
1.2 BiEE45Rigsy

ik H R DB-5MS UL 473 B4 (i A ,30 m
x0.25 mm( N4E) x0.25 um (R ), @it THE
FLF .40 C TFA£4%F 1 min, L) 30 C/min (38R T 5
130 C, kL 5 C/min 3 & F+ % 250 C, L 10
C/min KHEFRTFZE 300 C, 4545 15 min, HFEEAEFH
R 1 L R O A R

B IR g T i (BT U $ois SRR
MRM #3, #EHE FREE R 290 C, B 1 IR N
230 T, UHAT(Q1 1 Q3) HEFE A 150 C, Hii il i
H 280 T, #HAMELESE =99.999% MRS, N
1. 0 mL/min; ff SRS, HERER N 70 eV, &
i M X I R SR AR LR 1,
1.3 HARBETAIE

PRI 3. 00 g &R EFE T 50 mL B9 R M0 &
B, 10 mL SR, Y FHREE 1 min, 4 g
TOKBRRREEA 1 g SALEN, Tieis 3% 1 min, Lk 4 500
r/min B3 E LG 5 min, B EERSE . SE—Z
15 mL R VU IR EOF, A 1200 mg TooK i iz
B 45 mg GCB 400 mg C18 F1400 mg PSA #3W fff
F,MA 6 mL ik W, W EIR A 1 min, DL
4 500 r/min A3 # 0 5 min, 2 mL T 15 mL
WA, Ak gs i+, HNE-1EC BE(3:7, v/v)
IREEWERZ 2 mL, fF FHLIK,

2 ZREiE

21 REZHERK
2% GB 23200. 8-2016 MR 4 U, fh AL %



- 1044 - @

ji3 537 4

FME. BN 20 PR 2543 M BCHI B 1 mg/L
PRIET R, 4% FR A 44 5 AXOR A2 FE A 24 B MV
T, e B AT K LB X BRI e ) S A
FEEES T RIS TE 3~45 eV YL N, 5 3 eV ]
B, 2 BE ™ B - O SO AR i P P, e R
T W LB P 25 53 A At Rl B 1 5
¥, AR B W BTSSR B R Al
BRE(LEERD,

£ 1 20 MRENEE EME FHMAEESE

AR 1 R E X 20 oA 2 1 B DL FE TR 5 B
WEA ST MRM SR A5 51 S8 i 18], WAL 1,

Table 1 Quantitative and qualitative ion pairs and
collision energies of the 20 pesticides

Parent Product Collision
Analyte . .
ion (m/z) ion (m/z) energy/eV
Methamidophos 141.0 95.0" 5
(H Rl ) 195.0 79.0 20
Phorate 121.0 65.0" 10
(HHERE) 121.0 47.0 5
Chlorpyrifos-methyl 124.9 47.0" 20
QG 5527408 124.9 78.9 20
Malathion 126.9 99.0" 15
( hPisres) 172.9 99.0 15
Chlorpyrifos 196.9 169.0 15
(BEFEMEL) 198.9 171.0 15
Parathion 138.9 109.0 " 10
(BB ) 290.9 109.0 40
Triadimefon 208.0 181.1° 5
(=Ml ) 208.0 110.0 15
Triadimenol 168.0 70.0* 10
(Ui 112.0 83.0 5
Fipronil 350.8 254.8* 30
(AU 366.8 212.8 30
Flusilazole 233.0 165.0% 20
(TR ) 233.0 152.0 20
Propiconazole 172.9 145.0" 15
(PIFRmE) 172.9 109.0 15
Propargite 135.0 107.1" 15
(Heiir) 149.9 135.1 25
Fenpropathrin 181.1 152.1° 25
(HHU4EER) 207.9 181.0 30
Amitraz 161.9 132.0* 5
B 293.0 162.0 5
Cyhalothrin 197.0 141.0" 30
(FAHELEER) 208.0 181.0 15
Pyridaben 147.2 117.1% 20
(kIR ) 147.2 132.2 10
Fenvalerate 167.0 125.0 " 10
(UK AT ) 225.0 119.0 15
Es-fenvalerate 167.0 125.1°* 25
(U A4 g ) 181.0 152.1 25
Difenoconazole 322.8 264.8* 15
(AT FH B ma ) 264.9 202.0 20
Cypermethrin 163.0 127.0" 35
(ATBEE) 163.0 91.0 30

#* Quantitative ion.
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B 1 REREDN 100 pg/L 20 R GHERTE
REMERKE MRM EX THEBEFRE
Fig. 1 Total ion chromatogram for a mixed matrix-
matched standard solution of the 20 pesti-
cides (100 pg/L for each) in MRM mode
Peak Nos.: 1. methamidophos; 2. phorate; 3. chlorpyrifos-
methyl; 4. malathion; 5. chlorpyrifos; 6. parathion; 7.
triadimefon; 8. fipronil; 9. triadimenol; 10. flusilazole; 11.
propiconazole; 12. propargite; 13. fenpropathrin; 14. cyhalo-
thrin; 15. amitraz; 16. pyridaben; 17. cypermethrin; 18.
fenvalerate; 19. es-fenvalerate; 20. difenoconazole.
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AR, AR5 T IEC ke L NE 3 Fhigs
FIRTAE S PR UCR . e ISR 2 e aE FR
(LOQ) , HA L R I8 1. 3 W HEATiRER  SEATH I 3
W EERRI BB A R R 2 IE O
AR A A 1) A 25 B2 B >F | i AR /D 79 9 g
Gy AR R T NG P RO B b, X A 245 s i
PR, X A (0 28 A5 44 T A B /)N SR R R
wAE,
2.3 REGAFIE A= R IZEE B

PRI FH 1 B SR B (] () e P B R 3
e 2SR PSR AR SCLL S REVE MR BOE R, %
GET A DR R (LR 2) o G4 EUn ]
i 2 min B, ISR EEAR AR AR ; SR I R
14 mL B, ISR, H A& 10 mL B, #EERL
FAAT DA R IR BOR . 275 B IR T HRIUSOR
JRTRNE 2805 A8 i A T T, S A E SN B H R
10 mL, FEHUE] 4 2 min,
2.4 R BHFIFH A ERE

TE it — Db ny ot 7 ) 3E £ C18, GCB Al



10

L5 , 55 : QUEChERS- AR (315 H3 IR S V4 I s M AC v AR 245 5% 7R

- 1045 -

100 -
904 a
80 3

70

Recovery / %

60 4

50 3

403

0.5 1.0 1.5 2.0 2.5 3.0
£/ min

90

80

Recovery / %

70 ]

60

é 1|0 1I2 1I4 1‘6
Volume / mL
B 2 (a)REXRTIEIF (D) ZEEFAERT 20 PR 25 E R A
Fig. 2 Effects of (a) extraction time and (b) addition
amount of acetonitrile on the recoveries of the
20 pesticides
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PSA 1E Ry 43 B AR 2 O R 5], LG8 1 AN (] Wi s 5]
Xt H AR Ak BSOS R A 52, C18 J&—Fh AR 1
BT T P e A B0, DL C18 Sy 43 e 1 4 BB i
FUB, BARFE SR BOA I R (AL BRI A R
PR EC i i AR M M 2 B, GCB W Bff 77 ¢ i
HA IEANTCIRGE M, H X 1 43 F 78 W ik 19 55
71, B 7 25 8 22 B AT Hh i € 3R LA S [T R 4%
F R BRAE S B IO i B, PSA W B 5 2485 4 v
A WALl B T ac Ve B SR L,
REA RS BRBE Sl B A HLIE B BR FOBE 25 3
TP A5 T8 43 30 [F51AH A EBUR o6 70 wT L B e e Ak
RO R, ARG 2E$% PSA .GCB Fil C18 IR &1k
SRy A 2 BRI B AR AT 5 5%, 2 PSA i =
k1 400 mg B, AL RCR R4, o 1 o
KT 400 mg W}, Hfb A e 4, TIBE ™ E; KT
400 mg A, FEWE RREAR 24 1 B 25 I 22 G, 5% i R 24
AIMSE . 24 C18 AT A 400 mg A, 20 Flfe 25 1)
PSR I AR IL T 305 T 400 mg B, ML
R, A GCB IR A1E 45 mg N8, Bt (AR R
i, GAEHE, AR H 45 mg GCB, 400 mg
C18 1400 mg PSA ¥ 1E AW b5

25 REEEZE

H FHIRCRE S S A R 2 S R B R SE
S J 2 0T, T BT ARG I 235 R v J s ), 25 I, 430
K H SIM Fl MRM #4755 %5, DL Hi ek | 8
FEME XTBRBEVE R H AR , 6 28 A A B bR AL &
4334T SIM A1 MRM PR S, 25 R UL 3,

SIM B X — i 7, B R 36— e
(=S S v R o DIV =" (£ 97 i L i A O 1}
MRM B E X BTSN, Q1 il Q3 435l R4
— AR T 2 AR AL T T (5 L
S EMEEER, U TR AR TR A
FESh, L 3 R E g AT AT, SIM AR B £ 3% 1A
TR &L RS TP0R; MRM B AR AR 15 18 19 7
el B REAC, S/N Fhm . Bk MRM B 5
SIM #5525 RE T v, e P T A

Parathion
SIM mode

Malathion Chlorpytifos

Intensity

Parathion
MRM mode

Chlorpyrifos
Malathion
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J

Jl

¢t/ min

B 3 #MEERMARER( Dh e, 5L met)
7€ SIM #1 MRM 3 T & ik &
Fig. 3 Chromatograms of wolfberry matrix spiked with
standard solutions of malathion, chlorpyrifos,
and parathion in SIM mode and MRM mode
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ERCA E M Ze b 5 hR o th e 0 LB AE 85% ~
115% Z I RAFAE L JRRn >0 ) & 4 R W, % T
FR el | FH FEmle | LT P00 TR A0 — R | — e
Pl 2 GREME PIERME sl | F 4G R SO B
Mk R | SURUAG TR , I R VT e A IE 2R Ak A hr
2RI 74, 1% ~ 111. 8% , ANFFAEFE RGN 5 11 %

TP KRR i 1 JRURE  AURE
P06 0052 2 T AT Bk FFY el g | i o DG A I iy 28
R AR E e RER AT 118. 6% ~ 135. 2% , FA7E
B S A SE SR AVE F . £ B 5 R, AR SR FH R T DT
TR T VA5 YR AR T 1k A 7 A AT

140

353
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Lo
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Fig. 4 Matrix effects for the 20 pesticides in wolfberry

27 HEHZS5KHR
FH T2 BRI, ) A7 AR, A 268 J5 DG P A oA i
AT ' BT, BE B R B K4 A 510,
25.50.100 F1500 wg/L Y 20 FhAe 2451 W, #5720
Flife 25 FE MR L B P AR e 2k . TR A 25 iy etk
RAT, A REC(R?) AR/ T 0.99, F AR 2511
LR MR O R BUAE 0. 990~0. 999 Z JA]

PRI 20 AL , 43 0 75 He 8 0 — Pt )k iz
SUOARE S e IR 1. 3 B BRI TN, SRS AL
W, PRAERRR B RS 5, B S/N 1€ 3 ik, 78
DAL R Ry IR A 25 1) T A R R

LM R MR R WL 2, Ke IR
7 0.017 ~0.050 mg/kg, LIS H FR Y 3 751 i E &
PR 5 ik M T AT DA A AT R A P 2
2.8 ﬁiﬁ**u’*f“%u@t&%

BEUW MK 1,210 £5 LOQ, 73 7 FRHL 6
OyFAC IR e BR 1. 3 W AR BRI A TG, F NSOR A
71.5% ~109. 7% Z [] , I 2 25 5 00 FH X b o vt 25 7
1.94%~9. 87% Z[0] , WL 3,

29 AHENA

ATy P B P | AR T R BR E E
RS % B A A A, T N A AT AR b 2 R 2
B% B 1A . BEEX 20 MFACHEAS N R A T IA A T
T AT, R 4t SR R AR b XA AT R S R 2
Bty ks 2 2 Tk FEY AR 18 R G 4 TR ARG H1 R 0 R

R2 20 MRAMEMETFTE BAXRBRKHR

Table 2 Linear equations, correlation coefficients
(R?*), and LODs of the 20 pesticides

LOD/
Analyte Linear equation R?
(mg/kg)
Methamidophos Y=206.56X-2402.19 0.998 0.033
Phorate Y=225.54X-3843.66 0.997 0.017

Chlorpyrifos-methyl Y=271.31X-5102.89 0.997 0.017

Malathion Y=250.32X-3817.24 0.995 0.050
Chlorpyrifos Y=325.54X-6206.46 0.997 0.017
Parathion Y=236.12X-11190.65 0.997 0.050
Triadimefon Y=346.89X-7977.36 0.996 0.033
Triadimenol Y=386.48X-8863.52 0.996 0.033
Fipronil Y=117.08X-5008.88 0.994 0.017
Flusilazole Y=257.40X-5167.70 0.996 0.033
Propiconazole Y=260.48X-5489.65 0.996 0.017
Propargite Y=1124.69X-6850.37 0.999 0.033
Fenpropathrin Y=216.68X-4622.60 0.996 0.017
Amitraz Y=252.83X-3464.89 0.998 0.050
Cyhalothrin Y=168.63X-4730.71 0.994 0.017
Pyridaben Y=1755.43X-37093.47  0.996 0.017
Fenvalerate Y=433.29X-6799.17 0.998 0.017

Y=205.46X-2552.80 0.999 0.017
Y=558.22X-10983.21 0.999 0.017
Y=346.99X-10401.37 0.990 0.017

Y. peak area; X: mass concentration, pg/L.

Es-fenvalerate
Difenoconazole
Cypermethrin

30% .25% . 35% . 30% , H: v G F 55 48 B A (R A
1.759 mg/kg, LA I 4 FhAe 2 WU RECE =i, 25
S M AT AR 3k i v O A i A 24 i A R )
FH , T AC P e e A, AT S 1 R
b DX 5% BA B SR, DT OR3P T 2% 3 1 B A fg e
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R 3 20 MRGFEMIRH 3 4FRIKFE T B ANERE B 2
REMBItRERZE (RSD) (n=6)
Table 3 Recoveries and RSDs of the 20 pesticides at
three spiked levels in wolfberry (n=6)

Recoveries (RSDs)/%

Analyte
LOQ 2xLOQ 10xLOQ

Methamidophos 71.5 (3.77) 73.8 (4.84) 80.9 (3.06)
Phorate 77.5 (6.05)  79.4 (5.27)  81.6 (3.51)
Chlorpyrifos-methyl  92.3 (3.18)  94.7 (3.29)  99.7 (3.81)
Malathion 97.4 (2.48) 97.5 (2.87) 102.6 (2.83)
Chlorpyrifos 92.5 (2.24)  93.7 (1.94)  93.5 (2.39)
Parathion 73.2 (3.41)  75.4 (4.53)  78.0 (4.08)
Triadimefon 84.7 (3.61) 89.0 (3.12) 86.4 (3.01)
Triadimenol 83.2 (4.91) 84.3 (3.16) 87.4 (4.32)
Fipronil 99.4 (2.56) 102.4 (3.41) 105.8 (2.96)
Flusilazole 92.5 (2.84) 94.2 (4.61) 95.2 (2.15)
Propiconazole 82.9 (2.16) 86.4 (7.15) 87.8 (5.06)
Propargite 104.0 (4.65) 102.3 (4.92) 105.1 (5.40)
Fenpropathrin 95.6 (4.28) 101.8 (2.94) 107.8 (3.52)
Amitraz 71.6 (6.01) 72.4 (4.08) 73.8 (4.13)
Cyhalothrin 95.7 (2.95) 101.4 (3.92) 106.9 (5.10)
Pyridaben 71.9 (2.40)  73.2 (2.64)  73.9 (5.14)
Fenvalerate 106.2 (5.01) 110.8 (3.02) 109.7 (4.94)
Es-fenvalerate 106.8 (6.01) 105.2 (4.95) 104.2 (4.68)
Difenoconazole 91.0 (1.94) 94.5 (1.96) 96.6 (9.87)
Cypermethrin 104.1 (2.16) 103.4 (3.08) 107.1 (4.56)
3 F#ig

AL, T QUEChERS-SAH (733 - 53 B o 15 12
W SE MRS 2Rl 2058 B, RUALBE DT A i Al )
VERTE , A5y 38 X5 g%  MRM A5 2320 T 358 5 % 4
0 i E BT, R & T Ok R A
O B AR MET AR M RS
PR TAEHEUS T4 N EREE R
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