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225", 5 FL % B A R R
(1. BERFMGERIAR PO L, B 834700; 2. & ARFGAF AR B, BEAF  830063)

# E: B @7 QuECHERS-VUMH 3 - B3 36 B 1 e 25407 oh 30 R 23R B b ik, Fdk 284k
FH 1% R - IE AR HL, QuEChERS =54k, WAH (3% - ER K BT 5 (liquid chromatography-tandem mass
spectrometry, LC-MS/MS)ill%E, £ f2 )i Wil =, (multiple reaction monitoring, MRM)Z3#fr, MrikER . &R
30 Fhfe 255y k 2 41, 55 1 4 23 R ZG7E 10~100 pg/L Ju [N, 55 2 41 7 FR 25 7E 1~10 pg/L S, X 2 411
WA T 5 T 07 P T R TR 5 R IR PR DGR, MG RBR T 0.9970, £LHTE 3 ANUSINACE (-2 [l i e
g 70% ~ 120%(5F 146 10 20 F1 100 pg/kg, %5240 1.0.2.0 F1 10 pg/kg & 3 AMNRMKTE), AHXFHFRAER 2 1.50% ~
9.57%(n=6), EHFL 0.01 ~0.20 pg/kg. LI IR ERAER B, HERG . IR, BRI SEAER T 2RI 2GR
St ARSI

K#iA): QUEChERS; UM (1% - AR IR B ik, ZE1EKF; RZGTR

Determination of 30 pesticide residues in sunflower seeds by
QuEChERS-liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for rapid determination of 30 pesticide residues in sunflower seeds
by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods Sunflower seeds were extracted with
1% acetic acid-acetonitrile solution, purified with QuEChERS reagent, and determined by LC-MS/MS, then analyzed
by multi-reaction monitoring mode (MRM), and quantified by external standard method. Results The thirty
pesticides were divided into two groups, the two groups showed a good linear relationship between the peak area and
the corresponding mass concentration of the first group in the range of 10—100 pg/kg, and the second group in the
range of 1.0-10 pg/kg, the correlation coefficients were greater than 0.997. The average recoveries in the spiked level
of 10, 20 and 100 pg/kg, and the second group at 1.0, 2.0 and 10 pg/kg were between 70% to 120%, the relative

standard deviations (RSD) were between 1.50% to 9.57% (n=6), and the quantitative limit were between 0.01-
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0.2 pg/kg. Conclusion The method is sensitive, accurate and reliable, which is suitable for monitoring pesticide

residues in sunflower seeds.
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AU, A2y Iz N, AR 25 5% B8 XU o A 0 4%
B 5 T R B T00AR €20 T3 - R B ST T 1 G DU A i T
B R B RS B I (0 R [ R A L
b, SR - TR A SR AR R 28 Bl 2y, ZEmg Al
RZIEE 1% B, FARA G, M 05 -5
R L 185 R 2SR B, T R AL IR FHBERL €
T - i1 K A B4 Ak ok BB FH A A BOS A A 5 ik, X8
T Ak B 5 0 EL A s O R A e A A, R Ah B
B3 SUINE T E SN N DN B g = R
PRARAE, FLAR PR b B FH R0 RRE R 04 50 5 LA RE
IR ST B . I 4E R QUEChERS #%  FH T SR 7= i
HA 2 P A I b, AT 4R RS IR . R T IR R
B PR MR R T2 N KR L B
o TR A 24 5% B ARG I B H T QUEChERS YA 7E M
ke 25 5% BA A o e b

ARG LAZETENT AR, P2 R A QUEChERS ¥k
PRSI S5 TR AT P A 2 5% BE VRO 53 - B I SR 3 vk
EZELLFT R 30 PR 2558 B, 5 SN/T 4428—2016 (H 1
TRE R 42 0 Hh 2 Fh oAk 2 5 BRI AE VBOAR €5 - i/
JRE ) UM, ABFTERA 1% - 205 % WL
TR GRRBEERAT, TR FE AL A PSA . Cig. 2 HAE
AR, LA R il v Al 2 ke S T 45 SR S
2 Ko SRS S B0 IR W A T A 25 A R AR 2 5% BRI R
HLABRAERI o PRl . AT AR, BB 2 25 A
KA 2 B BEAG N, LAY A 35 A6 AT rp A 24 5% B A 00 4 3t
5%,

1 MR5ERE

1.1 (UE5RF

L30 AR (H A S A ), API4000+H3 X BT i
(32[ AB 4H)); CF16R #.0HL(H A H 74 F]); IKAMS3
Jig ik 5 v (P81 IKA 2 Fl); N-EVAP 24 Z WA (& [
Orgamonation Associates 23 r]); GM200 71 ZUHF B A3 (7 [ 3
A E]); Mill-Q HBEKHLEE E % B A F]); ML104 J143
Z— KRG LR A ED); 0.2 pm flAL R g (R

il

Agilent A H]),

Z T Hi-N-N Ak BE PSA . Cig(3E [ Agilent A F]); 2
f(EIgat, £E Merk A ), HIEE(fAIELE, £ Sigma 2
Al). LR, LWREE . TOKLREN . HR . A BkRr B
(graphitized carbon black, GCB). JC/KBiEREE (- Hr4l); 5L
B FH K i Mill-Q #+k

30 FhA bR

FEHBE(97.77%) . EFH R (97.69%) . ZH R (99.0%).
R 72.(97.6%) . A (99.1%) . FAEME(99.5%) . 55 R
(99.5%) . M B (99.7%) . FRME FH R 7 (99.0%)(f% = Dr.
Ehrenstorfer 23 ).

IR . MLk . R HUBK L mE bR SR .
VOB ERBE(1000 pg/mL, KHARLFR).

KZW ., VERE . DRimieE . HARR . MREERE . bLf
B BASRE . NIREE . CWREE . DO, WEEL. R
JHEwl . MERRBE(100 pg/mL, KHAHR).

ATIRSE T FIVRE il 22 D W 2 s ST H i O 24T
1.2 LWIE
1.2.1 AR A B4

KRR WERE 2 I RIS 2 BIEL 5~10 mg (R E
0.1 mg)30 A 2GRS A5 E T 10 mL M+, HE
WLV i 8 25 B2 FE o AR UERE A5 VA U T — 18 eCUKAf Bk
7o

RAIRE TAEE WAL H: 43 98 BGE 2R A g
B, FAH - KIS0, V)RR HI4S 1 28 100, 75.
50, 20, 10 pg/L, #5240 10, 7.5, 5.0, 2.0, 1.0 pg/L ¥
RV IR A PRUEVS R, PR .
122 A4

FH GM200 77 2RI B {SCHs 25 AT R UK AR CRLEE /N
F 300 pm), FREL 4.0 ¢ FEMTF 50 mL .08, gk
8 mL 321 10 min, /1 20 mL 1%ZR-Z G (1:99, V:V),
IWHE 2 min, A 6.0 g JOKBREREE, 1.5 g LEREN, TATE
5 min, L) 8000 r/min%53# 50> 5 min, B _EJEW 10 mL fIllA
A 1.5 g JoKBIEREE . 400 mg PAS, 400 mg Cg, 25 mg
GCB RYE.LE Y, HE 2 min, LI 4000 r/min F5E B0
5 min, 5 mL FiEWAREIET, 2 mL B - KSR
(1:1, V:V), AT 2 min ¥4, 13 0.2 pm P, fi LC-MS/MS
W E
123 &E5%t

agEAE: Waters T3 #£(2.1 mmx100 mm, 1.8 pm); #:i
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40 °C; FESLIRJE 20 °C; WERERAR: 2 uL, WK:
0.25 mL/min, 7z A 5 0.1%H 8-10 mmol/L Z. 2%k
VWL, WA B N ZIECE 0.1% P BRI, T S ik
AR L 1.

®1 REE. REREERGRIZF

Table 1 Mobile phase, flow rate and gradient elution procedures

TR F
RS AR W% &+ 1E 8 F (electron spray
ionization, ESI+); #EFLHLE: 5000 V; & FIHZE LT G1.
G2: 50 psi; AT 15 psi; MHES: 10 psi; & FIFRIRE:
500 °C; Bk )y =0 £ 5O M I (multiple  reaction
monitoring, MRM), ZAL-EWSELZE 2.

1.2.4

Hf 1] /min A% B/% 2 #ERE54H5
1 90 10 N o .
2.1 FRTIAYERE
2 15 85 . .
LA EA RERIE . EAK . 6ZE RS T
5 15 85 . . N e A
B, TS T2 XRG4t SR 3 S e o 2 Y YA 15
6 % 10 %o PSA. Cig. f1#84k 5% B (graphitized carbon black. GCB)
#z2 30FkEa
Table 2 Parameters of 30 compounds
ER |
L& W4k £ B4 5} 8] /min BT (m/2) KBS 7 (mv2) 5 £4 5F ] /ms BN/ NAAY Till 5 L R /e V
. 160.1%* 50 23
LR 3.20 192.1 61
132.1 50 49
, 162.1% 50 21
S T 425 314.1 47
120.0 50 41
- 127.1% 50 31
T p 3.42 300.1 27
174.1 50 18
. 117.1* 50 39
Rk Bk 3.18 197.2 39
125.1 50 45
I 217.1% 50 29
IR 3.90 304.1 30
202.0 50 46
) 97.0% 50 27
B 4.50 299.0 45
129.0 50 15
169.1%* 50 13
FH B 3.87 226.1 53
121.1 50 25
N 132.1%* 50 19.8
58 M i 3.24 250.1 49
169.1 50 18.9
88.1% 50 13.1
DES 3.15 163.1 31
106.1 50 15.7
e 125.1% 50 36
I s 3.95 337.1 81
70.0 50 70
. 143.1* 50 23
AL SRR 3.58 214.0 52
155.0 50 21
- 143.0% 50 10
Tk PP e 2.13 184.0 47
113.0 50 31
N 126.0% 50 28
IE bk 3.28 223.2 65
90.0 50 47
. 165.1* 50 37
R 3.93 316.1 85
247.1 50 26
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F 2%
5514
ey B {5 B B 8] /min HEF(m/2) K 25 (mvz) B BR8] /ms EiREHEIE/NV Tl 1% HL /e V

175.1% 50 21

N bk 3.30 256.1 71
209.1 50 25
162.1%* 50 21

7 4.06 314.1 47
119.1 50 41
165.1* 50 17

i 3.60 2223 58
123.1 50 28
220.2%* 50 19

R 3.72 280.1 26
192.2 50 25
163.1* 50 28

VS i 438 299.1 67
147.1 50 29
164.1* 50 28

I B T 5.10 360.1 68
240.0 50 24
227.2% 50 34

W 4.43 363.3 77
307.0 50 25
169.1* 50 24

B 435 279.0 68
105.1 50 36
316.2* 50 23

FRE R R 453 376.1 76
288.2 50 35

o524

169.1* 50 25

W 4.72 305.1 70
153.2 50 28
72.0% 50 35

%30 3.73 239.2 65
182.2 50 23
127.1% 50 16

R 4.03 331.0 65
99.0 50 30
199.0* 50 13

IRIR 3.31 230.2 50
125.1 50 28
o 303.0%* 50 24

TN L 4.97 373.0 80
345.0 50 18
208.2%* 50 23

IR 4.42 326.2 96
148.1 50 32
219.2% 50 15

WG R 3.46 279.2 101
102.1 50 14

TR N ER BT
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/& QUEChERS 74k i IR . PSA W] LR/ N4 R
IR AIEAIR, Cig X R BRNRIIZE AR AL B RER s
G GCB AR IS CR, (HRXT S A 95
INEERY AR 2553 FH ) W B E N 2 T R . MR R 55, KR
AR TR B IR, B FaRJRN, KR A SR 4
Hreh & B 400 mg PSA, 400 mg Cig. 25 mg GCB #+fbAt
hst, X2 TR R | MEREECRE RSN, TR 3 A M
FICRIITE 84%L o £ FAMT: ASIIRIESE 1.5 ¢ Tk
TRAFI BIRE 5 7K 43, 400 mg PSA . 400 mg Cig. 25 mg GCB
FLIRBOR, MR B, SPATIERST.

2.2 EFRMAYHDF]

FE LC-MS/MS 5 43 Hr3ed T o 5 iy e 5 i 5 1
BRI R . H R R BUSON A B
PR TAERNZRS | [RIOE R BRI | D8 SRR SRR SRR R
SN R 2 AR B B R G4, ASBF9 R L5 hn
P TAERTZR | U AR s R TR it T TR SR Bl by o 5T
KPR 30 P 2 A AE N R RR (A SR BORON, o 3 2ok % 7 7 51
R AEAS ISR ERL B 1 AR EE 0.05 mg/L . 55 2 4k

& 0.005 mg/LYFRER A HHEATIE, HABEm AR W
HIL RO R, G5 R FW: 25 (AR P AR vES I A S 7
AV RARE A IE TR 2 /T 30%4 21 B, KT 30%M54
ZWR . ARWPE, sEAk, Ak, FOE S Fh i 50%
W KZB . Dhitnf . SRE. AR 4 Fh, nTLIE HX ek
TN LA B, SR T2 1 B BTG B s of i Ze b A 7
KEIE, BEAE—ERERE b Il S B o
2.3 tRERRZ LG

LRI, 30 P 25 IRAR A2 AR v i 4R B, 543
RN L M 2E, TTRER R TR REH R B FAEMET
Yoo AT IEBRAHE THE . HRHEAR S 2L AL b (4 ma) Rz 2
FHOCAR G AT & R M BR A SE FE, $30 A2l 2 4
95120 23 Ff, dhZRTE I 10~100 pg/L # 10, 20, 50, 75,
100 pg/L FHZS LG B ARER 2k, 55240 7%, dhZeu
1~10 pg/L #% 1.0, 2.0, 5.0, 7.5, 10 pg/L A= FEAREE
PrRUEZ, a5 AL 1.2.2 L3R, 250K 30 fiuRk
TR AU TR N e 1 G R B 0, AR RAFAER
PERR, MHIERBOHERILE 0.9970 LI FFETLFE 3.

R3 0MAAKEBEH@IASIE, HXRE. 2R, BWERBMNRERE
Table 3 Regression equation, correlation coefficient, quantitative limits, recovery rate and relative standard deviation
of pesticide residues

[mTe 32 /% RSD/%

LA EYEpF MERERr 2R/ (ug/ke) i bR 5 /(ug/kg) i b w/(ug/kg)
10 20 100 10 20 100
ZWR Y=3.26%10"X-2.95%10* 0.9985 0.02 98 84 97 7.09 8.07 4.01
ML Y=3.66*10X-4.81%10* 0.9996 0.01 84 88 90 344 497 3.87
35073 Y=3.75%10"X-9.43*10* 0.9986 0.01 94 88 81 5.34 4.57 5.76
AR Y=1.28%10°X-3.47*10° 0.9995 0.14 98 84 89 7.02 5.53 3.98
AR Y=5.13%10*X+5.82*10* 0.9997 0.04 90 80 99 8.80 2.59 4.61
FH Y=6.6%10°X-2.46*10* 0.9982 0.14 95 87 93 957 534 4.94
R Y=1.56*10"X+2.45*10" 0.9979 0.02 82 78 84 5.59 3.87 5.69
W o i Y=2.63%10°X-5.47*10° 0.9977 0.07 95 88 100 8.27 4.68 5.92
KZH, Y=3.25%10"X-1.79*10* 0.9994 0.02 111 92 87 3.82 5.22 5.67
il Y=1.03*10*X+1.16*10* 0.9983 0.06 96 82 89 3.78 5.11 1.96
AR R Y=4.02%10°X-1.02*10* 0.9999 0.20 96 98 89 5.60 1.50 2.16
TR Rt Y=2.09*10°%X-2.7%10° 0.9996 0.19 94 95 93 9.36 1.53 4.08
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B/ % RSD/%
LR EIEpx MR EER/(ngkg) e #/(ng/kg) Jm bro H/(ng/kg)
10 20 100 10 20 100
W o fpk Y=2.02*10"%X-1.04*10* 0.9991 0.03 73 101 94 8.41 6.36 2.80
ST Y=2.37*10"%-6.83%10* 0.9987 0.02 72 77 89 560  6.44 2.78
M, H ok Y=2.81*%10°X-5.89*10° 0.9985 0.15 77 90 99 6.76 3.79 2.78
Y7 Y=8.37*10"X+1.76*10° 0.9999 0.01 92 92 98 4.85 4.38 4.74
o Y=6.13*10"X+2.42%10° 0.9995 0.01 76 97 98 6.84 422 3.02
HAER Y=4.77%10*X-9.01*10* 0.9985 0.01 79 85 92 8.46 1.64 3.83
W L Y=1.57%10"X-6.41*10* 0.9988 0.05 76 91 96 4.65 6.62 3.36
9 B il Y=9.15%10°X-4.36*10* 0.9981 0.10 93 88 90 6.77 2.79 2.88
el R Y=9.65%10°X-5.31*10* 0.9980 0.07 98 100 97 6.80 5.99 4.50
R Y=2.29%10°%-7.88*10° 0.9979 0.20 95 96 96 876  5.20 2.17
LR AR Y=4.11*%10°X-1.52%10" 0.9979 0.04 91 98 91 5.65 5.50 5.07
7 Y=3.5*%10*X-5.03*10* 0.9993 0.04 74 94 87 6.74 5.10 3.76
B Y=9.71*10"%X-1.12%10* 0.9992 0.01 90 98 88 592 312 6.36
EE R Y=2.6%10*X+1.18*10* 0.9982 0.04 96 93 97 7.60 6.61 6.77
SRR Y=4.49%10*X-8.24*10° 0.9980 0.01 86 88 93 416 583 3.87
PR IR Y=8.88*10°X-3.38*10° 0.9979 0.11 79 93 87 4.54 5.40 5.45
KFER Y=4.72*%10°X+2.48%10° 0.9986 0.01 77 99 94 8.11 5.14 4.97
WEFE R Y=1.01%10°X-4.84*10" 0.9992 0.02 86 97 92 8.63 3.91 7.30

24 TEEMR. EWERMBEEE

TEATFR A LL 10 F5(5 M L (SN=10) T X L v J 4
TR E R, FRA TR ERRILE 3, WFE 3 il
PLE A B E B IR E/NT 0.01 mg/kg, T E 2SR dE
GB 2763—2014 (£ ke 25 f sk i Rt ) U
LA KF AR 2 1 B 5 5% B B i (maximum  residue limit,
MRL){H: FAEME(0.1 mg/kg). B # R (0.05 mg/kg) ., PLiF
(0.1 mg/kg). FHRE(0.05 mg/kg). i M (0.05 mg/kg)
By T AR R AR S0 R AR 25 T RE S (2R N %

H F5 A6 & ) o AR 09 5 3k 64T T e 238 0 Dy 2 Rg  FE
o 2 1 AW IR S bR R & b BAr i &9 & 55
B2 10,20, 100 pg/kg, 45 2 415 M 1.0.2.0.10 pg/ke,
B 3N, 6 A PATHE R . R ER, £ HRLE
YNSRI E 70%~120%22 0], FAXARAER 2 1.50% ~
9.57%(n=6), [FISx 25 FIURE X A o fi 25 145 - 52 06 25 Jo o 4%
R

2.5 LFRME@RAR
A ST B R S 3A 2k B MG 5 v T R TSR AR kT (10 it
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